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INTRODUCTION 

On ~ u e s d a "  and Wednesday, March 7 and 8, 1989, A i r  Systems 

Testing, Inc. (AST), of Marietta, Georgia, performed compliance 

part iculate and gaseous fluoride emission tes t ing on the  Forkiner 

kiln exhaust a t  t he  Florida Tile Corporation plant  located in  

Lawrenceburg, Kentucky. The tes t ing  was performed t o  determine if 

the part iculate and gaseous fluoride emission levels  were within 

the  allowable r a t e  defined by the  Kentucky Bureau of 

Environmental Protection. AST f ield t e s t  personnel were Bruce 

Lawrie and Je r ry  Freeman. 

AST would l ike  t o  thank M r .  J i m  Jeffer ies  and h i s  associates a t  

Florida Tile for  the i r  ass is tance and cooperation throughout the  

tes t ing program. We would a lso  l ike  t o  thank M r .  Jim Neal, M r .  

Patrick Springston, and M r .  Gerald Slucher, a l l  with the  Kentucky 

Bureau of Environemntal Protection, for  the i r  review of the test 

procedures and plant operation. 



SUMMARY OF TEST RESULTS 

The summary of t he  r e su l t s  of t he  tes t ing can be found below and 

on the following pages. Below is shown the  r e su l t s  of each of t he  

three t e s t  repeti t ions and t h e  average of the  th ree  (which is 

used t o  determine compliance with s t a t e  standards). The r e su l t s  

are  shown in  pounds per  hour fo r  particulate and fluoride 

emissions. 

P a r t i c u l a t e  Allowable F luo r ide  
Emission Rate  Emission Rate Emission Rate  

Test  No. (pounds/hour)  (pounds/hour 1 ( ~ o u n d s / h o u r )  

Average 0.02 2.34 0.01 

Thus, from the  above table, the  Forniker kiln a t  Florida Tile, 

Lawrenceburg, Kentucky, is within allowable standards fo r  

particulate emissions. 



SUMMARY OF TEST RESULTS 
Forniker Kiln Exhaust 

Volume @ Meter (Vm): 
Sqrt Delta P: 
Sampling Time (min): 
Barometric Pressure (Pb): 
Delta H (H): 
Volume in Impingers (mls): 
Stack Pressure (Ps): 
Stack Temperature (Ts): 
Meter Coefficient (Y): 
Pitot Coefficient (Cp): 
Meter Temperature (Tm): 
Area Stack (As) : 
Area Nozzle (An): 
Percent C02 ( % ) :  
Percent 02 ( % ) :  
Percent N2 ( % ) :  
Milligrams: 

Molecular Weight Dry (Md): 
Volume Water (Vwstd): 
Volume Gas Sampled (Vmstd): 
Wet Fraction (Bws): 
Molecular Weight Wet (Ms): 
Volume Gas Sampled (Vma): 
Stack Gas Velocity, (Vs): 
Volumetric Flowrate (Qs): 
Volumetric Flowrate (Qa): 
Grainloading, gr/dscf (cs): 
Grainloading, gr/ACF (csi): 
Emission Rate, #/Hour: 
Percent Isokinetic Sampling: 

Test #l Test #2 Test #3 



Volume @ Meter (Vm): 
Sqrt Delta P: 
Sampling Time (min): 
Barometric Pressure (Pb): 
Delta H (H): 
Volume in Impingers (mls): 
Stack Pressure (Ps): 
Stack Temperature (Ts): 
Meter Coefficient (Y): 
Pitot Coefficient (Cp): 
Meter Temperature (Tm): 
Area Stack (As): 
Area Nozzle (An): 
Percent C02 ( % ) :  
Percent 02 1 % ) :  
Percent N2 ( % ) :  
Milligrams: 

Molecular Weight Dry (Md): 
Volume Water (Vwstd): 
Volume Gas Sampled (Vmstd): 
Wet Fraction (Bws): 
Molecular Weight Wet (Ms): 
Volume Gas Sampled (Vma): 
Stack Gas Velocity, (Vs): 
Volumetric Flowrate (Qs): 
Volumetric Flowrate (pa): 
Grainloading, gr/dscf (cs): 
Grainloading, gr/ACF (csi): 
Emission Rate, #/Hour: 
Percent Isokinetic Sampling: 

SUMMARY OF TEST RESULTS 
Forniker Kiln Exhaust 

Fluoride Emissions 

Test #1 Test #2 Test #3 



E.P.A. TEST PROCEDURES 

The test ing procedures followed were according t o  Methods 1, 2, 3, 

and 5, and Kentucky Method 130 for  location of sampling points; 

measuring of stack gas velocity and volumetric flow rate;  

determination of C02, 0 2 ,  and dry molecular weight; determination 

of particulate matter concentrations; and determination of gaseous 

fluoride emission concentrations. These methods can be found in  

the Code of Federal Regulations, T i t l e  40, Par ts  53-60, revised as 

of July 1, 1986. 

Method 1, determination of number and location of sampling points, 

was used t o  calculate the  location of the  sample points used on 

each traverse. The exact location of each point can be found in 

detai l  i n  Appendix C. 

EPA Method 2 was used t o  calculate t he  stack gas velocity and 

volumetric flow rate. The standard pitot  tube was fabricated 

according t o  design c r i t e r ia  i n  Method 2 tha t  allows a pitot 

coefficient of 0.99 t o  be used in the  calculations. The pitot tube 

was not attached t o  the  probe assembly due t o  the  small stack 

diameter. Velocity measurements were made downstream from the  

nozzle sampling location. Stack gas  temperatures used i n  t he  

velocity calculations were obtained with a type "K" thermocouple 

and Omega digital thermometer. Leak checks were performed on the  

pitot-manometer assembly a f t e r  each test and showed no leak. 



Method 3 was used t o  determine dry molecular weight, including 

'02 and O2 concentrations. The grab samples were analyzed 

immediately with a fy r i t e  analyzer according t o  procedures 

outlined in  Method 3. 

Method 5, Determination of Part iculate Matter from Stationary 

Sources, was used t o  determine part iculate emission 

concentrations. The sampling t r a in  consisted of a calibrated 

nozzle, union, 316 seamless s t a in l e s s  s t e e l  l iner  heated with 50 

feet  of 0.4 ohms per foot nichrome wire, g lass  f iber  f i l t e r  and 

f i l t e r  holder, four impingers, umbilical cord, pump, and control 

console. Filter box, impinger outlet,  and dry gas meter 

temperatures were monitored throughout the  t e s t  with bimetallic 

thermometers. The dry gas meter i n  t he  control console was 

calibrated against a Rockwell S-415 test meter t ha t  had been 

standardized with a Rockwell #I464 Bell Prover. The S-415 meter 

had a calibration coefficient (Y) of 0.999. 

Kentucky Method 130 was used t o  determine gaseous fluoride 

concentrations. The dist i l led water impinger catch from the Method 

5 tes t ing was analyzed by the  specific ion electrode method for 

fluoride concentrations. 



Samplina Procedures 

The sampling area  for the tes t ing  was located on the kiln 

exhaust stack. A forkl i f t  truck was used on each of the two t e s t  

por ts  t o  support the  filter/impinger box while the probe 

traversed the  stack. The schematic of the  sampling location can 

be found in  Appendix C. 

Prior t o  each tes t ,  the  sampling t r a in  was assembled for  testing. 

100 millili ters ( m l )  of dist i l led water was placed in  each of the 

f i r s t  two impingers, the  th i rd  impinger was l e f t  empty, and 200.0 

grams (g) of s i l ica  gel was placed in  impinger number 4. The 

probe was secured in  the  sampling box, t he  f i l t e r  holder assembly 

w a s  installed, and the  system w a s  ready for  pre-test  leak checks. 

After each tes t ,  leak checks were performed on the  sampling 

train.  Method 3 t ra in ,  and each side of the  pi to t  tubes. Next, the 

t ra in  was disassembled. The f i l t e r  holder was removed and sealed 

to  prevent l o s s  of part iculate matter. The probe and nozzle were 

cleaned with reagent grade acetone, with a l l  sample exposed 

surfaces  brushed and rinsed at least six times t o  insure all 

part iculate matter was removed. This r inse  was saved in  a 500 m l  

polyethylene bottle. Next, t he  contents of t he  f i r s t  three  

impingers were measured with a graduated cylinder, rinsed, and 

saved for  fur ther  analysis  fo r  fluorides. The s i l i ca  gel  was 

returned t o  its container and sealed. 



Laboratorv Procedures 

The following procedures were followed for each repetition: 

Container No. 1 

A pre-numbed 81.5 millimeter g lass  f iber  f i l t e r  was desiccated for  

a minimum of 24 hours, weighed t o  a constant weight, and 

t ransferred t o  t h i s  container. Before the  t e s t ,  the  f i l t e r  was 

placed in  a f i l t e r  holder. After t h e  tes t ,  the  f i l t e r  was carefully 

removed from the f i l t e r  holder and returned t o  t he  container. 

Container No. 2 

A l l  sample exposed surfaces  between the  nozzle and the  f i l t e r  

were washed with acetone, including brushing and rinsing a t  l eas t  
I .. 

six times, unt i l  no particulate matter remained. The brushes were 

, . also r insed with the  acetone t o  remove any part iculate adhering 

5 to  them. 

i 
Container No. 3 

8 

i 
200.0 grams of indicating, 6-16 mesh s i l i ca  gel  w a s  weighed and 

I 
j sealed in t h i s  container. Before the  tes t ,  it was added t o  

impinger number four. After t he  tes t ,  If w a s  returned t o  the  

L .  container and sealed. 



Container No.  4 

The contents of impingers 1, 2, and 3 were measured with a 

graduated cylinder and saved in t h i s  container. The container was 

sealed. 

The following procedures were followed for each sample: 

Container No. 1 

The f i l t e r  was desiccated for  a t  l eas t  24 hours and weighed t o  a 

constant weight. Note: Before each weighing, t he  SP 180 electronic 

analytical balance was calibrated with a 100 gram and 1 gram 

c lass  S weight. 

Container No. 2 

The contents of t h i s  container were t ransferred t o  a tared 

beaker. The volume of the r inse  was recorded and the  acetone in 

the  sample evaporated. When the  beaker was dry, it was desiccated 

and weighed t o  a constant weight. 

Container No. 3 

The s i l ica  gel  was weighed t o  t he  nearest  0.5 gram. 



Container No. 4 

The contents of t h i s  container were transferred t o  Galbraith 

Laboratories for  analysis  fo r  fluorides. 



APPENDIX A 
LABORATORY RESULTS 



PARTICULATE LABORATORY DATA SHEET 

Test No. : 1 Source : 6-,& LU 
Acetone Blank: Volume: /oo ml. Net Wt.: 0.0333 g. 

Acetone Density: 6'786 g/ml. Residue: 0 g/ml. 

Filter 

Filter No. : 2-91 
Final Weight: 0.364-5 g. 0.3646 g. AVG: 0.364-L g. 

Tare Weight: 0.3607 g. 0.3610 g. AVG: 0.3610 g. 

Net Weight: AVG: 0.0Q.36 g. 

Probe Wash 

Probe Wash Beaker No. : 3 Volume: I (o0 ml . 

Final Weight : (28.%?2 9. 128.94Yg. AVG: 128.9441 g. 

Tare Weight: 12% .9w2 g. IL8.9400 g. AVG: I L I . ? ~ ~ ~  g. 

Net Weight: AVG: 0.0090 g. 

Less Acetone Blank Residue: 

TOTAL PARTICULATE MATTER COLLECTED: 



PARTICULATE LABORATORY DATA SHEET 

Test No. : z source : ~ ~ P I K E ~ L L L C - )  
Acetone Blank: Volume: 100 ml. Net Wt.: 0.0033 g. 

Acetone Density: 0.786 g/ml. Residue: 0 g/ml. 

Filter 

Filter No.: 2 3 3  
Final Weight : 0 . 3696 ,. 0 . 3 ~ 9 ~  g. AVG: 0 .3646  g. 
Tare Weight: O . 3 6 a  g. 0-362-0 g. AVG: 0.362' g. 
Net Weight: AVG: 0.0'7s g. 

Probe Wash 

Probe Wash Beaker No.: 4- Volume : Iqs ml. 

Final Weight: I~q.907l g. IZ9.9069g. AVG: 129.9070~. 
Tare Weight: l29.9013. g. 129.90b g. AVG: j29.9DIL g. 
Net Weight: AVG: 0. 0058 g. 

Less Acetone Blank Residue: 

TOTAL PARTICULATE MATTER COLLECTED: 



PARTICULATE LABORATORY DATA SHEET 

Test No. : 3 Source : 6 f i w ~ h  k~hr) 
Acetone Blank: Volume: 100 ml. Net Wt. : 0- O0W g. 

Acetone Density: 0.786 g/ml . Residue : 0 g/ml. 

Filter 

Filter No.: 27 3 
Final Weight: 4.3653 g. 0.36SL g. AVG: 0.3653 g. 
Tare Weight: 0-3574- g. 0,3573 g. AVG: 0.3572 S. 
Net Weight: AVG: O . w /  g. 

Probe Wash 

Probe Wash Beaker No.: 7 Volume : !To al. 

Final Weight: 128.6236 g. (L8.w g. AVG: 128.6238 *. 
Tare Weight: Ia.615S g. lls_ 61.50~. AVG: / z ~ , L / s ~  g. 

Net Weight: AVG: 0.0085 g. 

Less Acetone Blank Residue: 0 g. 

TOTAL PARTICULATE MATTER COLLECTED: 0.0166 g. 



CERTIFICATE OF ANALYSIS 
--. P.O. BOX 51610. KNOXVILLE.  T N  37950-1610 

O T H E R  C A R R I E R S  - 2323 SYCAMORE DR. KNOXVILLE.  T N  37921 
* 615/546-1335 

. ?  
Mr. Bruce Lawrie 

d Air Systems Testing, Inc. 
e 
n, 

P.O. Box 6278 
! -. Marietta, Georgia 30065 

April 3, 1989 

Received: March 28th 

~ . ~ 

i Dear Mr. Lawrie: 

Analysis of your compounds gave the  following results: 

Your #, Our #, mg Fluoride/sample, 

Florida Tile Test # 1 Imp. Catch E-8779 5.07 
3-7-89 

Florida Tile Test # 2 Imp. Catch E-8780 4.95 
3-7-89 

Florida Tile Test # 3 Imp. Catch E-8781 1.78 
3-7-89 

: :  ; .. 

,:, I . .,, 1 ,.:::. " , . ; .,-i 
c : e: 
/ ;. 
.. 6. 

; . b., . . . . .  .... . . . . .  ... .. . . :  . , ... 

Sincerely yours, 

GALBRAITH LABORATORIES, MC. 

'. 
Gail R. Hutchens 
Exec. Vice-President 



CHAIN OF CUSTODY FORM 

plant : K o r t o a  7 2  source: Kt,ua f i ~ o  ' 

Date Sampled: RunNo.: 1 - 3  

SAMPLE RECOVERY 

Container No. Description (if filter, give filter No.) 

F;-LSA d's 29 1, z9 0, z-33 
/ 

&A L - J ~  A d  /: 2.3: f ~~ Lhk 
GWCEA of& &sf Y 4 2, I 

Person Engaged in Sample Recovery: 

Signature & Title: 

Recovery Location: 6,~ z~ 
Date & Time of Recovery: k&&+ e x h  f-7' 

Sample Recipient, upon Recovery, if not Recovery person: 

Signature: 

Date & Time of Receipt: 

Sample Storage: 

Laboratory Person Receiving Sample: 

Signature & Title: 2Z-L- 
Date & Time of Receipt: 3/8/89 , 

Sample Storage: LA6 



APPENDIX B 
FIELD DATA SHEETS h CALCULATIONS 



PARTICULATE TEST FIELD DATA 

Comments : 

- 
Company: f i  I ,GP> Source: / L % ~ z N , ~ ~ ~ c ~ L ~  Test No. :/ 

I Mahh 7, lclm Test Team: ,!&iric /F re~man Date: 
i Nczzle ~ i a m e t e h  in. Nozzlc.Area (Sf$.Pt.): 

/ .  331 Console No. : 1 Meter ~aiibratibn: K,, 5 0.699 

I Stack Diameter: 7. / in. Stack Area: 0 .  2 7 sq. Pt. 
I Asssrned Moisture: 4 Stack Static Pressure: 3. " W.C. 
! Stack  temperature:^^^ Meter Temperature: , OF 

Pressures : Barometric: Z 9 - r ~  in. Hg. Stack: Z>.So in. Hg. ' 
i Frobe No. : 3' Y I Fllter/Impinger Box No - / Cp = 
1 Orsat/Fyrite: % C02 = / x02 = 1.9 %N2 = 

Mclecular Weight of Gas: Dry: Wet.:-''.' 
,.. K Factor: Minutes/Polnt: 

Tlme Start: //: /& 4 r  C.s.7; Time End: - :' .,: 
% LI 0 I", T*'u 

Point 
Meter 
Volume AP 

Vacuum 
Box Stack 

AH 
Imp Desire 

Meter 
In Out Actual 



PARTICULATE TEST FIELD DATA 
C 

Company: ~ Z H  /,LC source: & n n , l c ~ ~ .  L~~ Test NO. : % 
Date : k ~ / 7 / 8 9  Test Team: &ekJ%6 / p L € ~ m ~ d  - 
Nozzle ~la6ete-r: 0. 3/d in. Nozzle Area (Sq.ft. ) : 0. 0 0 0.52- 
Console No.: - Meter  allb brat ion: /. 031 ym' 0.6 99 
Stack Djameter: 7. / in. Stack Area: C. Z 7  Sq. Pt. 
Assumed Moisture: -- % Stack Static Pressure: 0 " W.C. 
Stack Temperature: --+6i, OF Meter Temperature: - 80 oP 
Pressures: Barometric: 29.2- in. Hg. 

/ .  
Stack: 29.1s 

Probe No. : ,? & / ~ilterl~mpinger BOX NO.: L CP =I% 
Orsat/Pyrite: % C 0 2  = / %02 = 20 %N2 = 
Molecular Welght of Gas: Dry: We to:-- 
K Factor: (4 Minutes/Point: $ .' 

Time Start: / '(7 9 P A  Time End: Z:  z /  

.- Comments : Pas T T E S T  LEmr C U E L L  O K z  GM @ - 
p,7 or3 ,OIL Z 

, . 



PARTICULATE TEST FIELD DATA 
1 

Company: L o , ?  1.30 //& Source: & n u , t ~ ~ f i  &&';/ Test No. :A 
Date : mflK R. /989 Test Team: LA w R f € / f ~ € ~ m n ~  
Nozzle ~iametef: in. Nozzle Area (~q.ft. ) : G. 300.%?4 
Console No.: I Meter Calibration: /*a3 f ~ 0 6 9 3  
Stack Diameter: Stack Area: 6.27 /ib Sq. Ft. 
Asswned Moisture: Stack Static Pressure: " W.C. 
Stack Temperature: - Meter Temperature: OF 
Pressures: Barometric: Z3.S in. Hg. Stack: Z 9 . n  
Probe No. : 3'-# / Filter/Impinger Box No.: C p = 0 ^ 3  
Orsat/Pyrite: % C 0 2 =  / % 0 2 =  = a  %N2 = 
Molecular Weight of Gas: Dry: Wet?" 
K Factor: Minutes/Point: 
Time Start: Time End : 

8 '3d49/r 
~ T E M P E R ' K T ' u R E S  

Meter AH Meter Vacuum 
Desire, Actual / Stack I BOX / Imp I In ) Outl 

-- - 

I M P  1 - 3 2 3  
Comments : 

6 7  fLf k z / C  C ~ r c ~  c. 020 c /=-A 0- 

p ) ? - b T X >  



Particulate Emission Test Calculations 

Company: Florida Tile Source: Forniker Kiln Test No. : 1 
Date: March 7, 1989 Test Team: Bruce Lawrie / Jerry Freeman 
Nozzle Diameter: 0.310 in. Nozzle Area (Sq.Ft.): 0.000524 
Console No.: 1 Meter Calibration: 1.031 Km: 0.699 
Stack Diameter: 7.1 in. Stack Area: 0.27 Sq.Ft. 
Stack Moisture: 2.4% Stack Static Pressure: 0.0 " W.C. 
Stack Temperature: 456 OF Meter Temperature: 78 OF 
Pressures: Barometric: 29.50 in. Hg. Stack: 29.50 in. Hg. 
Probe No.: 3' #I Filter/Impinger Box No.: 1 Cp = 0.99 
Orsat/Fyrite: % C02 = 0.0 $02 = 21.0 %N2 = 79.0 
Molecular Weight of Gas: Dry: 28.84 Wet: 28.58 
K Factor: 8.2 Minutes/Point: 7.5 Number of Points: 8 
Mls: 20.0 Milligrams: 12.6 

Vm -P Sqrt -P -H Ts Tm Tm I * ........................................................................ 
366.655 0.23 0.480 2.00 460 7 2 7 2 101.8 
372.20 0.17 0.412 1.40 452 78 7 2 96.4 
376.77 0.21 0.458 1.40 455 83 7 3 87.7 
381.41 0.21 0.458 1.60 453 8 6 74 91.0 

386.242 0.21 0.458 1.50 456 7 8 7 5 92.8 
391.13 0.23 0.480 1.70 457 83 7 5 9'1.6 
396.20 0.17 0.412 1.40 455 85 75 98.6 
400.91, 0.16 0.400 1.30 457 87 75 95.7 

405.347 Final 

AVERAGES 

CALCULATIONS 

Volume of Water Vapor Collected (cubic feet): 
Dry gas volume through meter (cubic feet): 
Stack gas moisture content by volume: 
Stack gas wet molecular weight: 
Actual stack gas volume sampled (cubic feet): 
Stack gas velocity (feet per second): 
Stack gas volumetric flow rate (dscf/mlnute): 
Stack gas volumetric flow rate (ACF/minute): 
Particulate concentration (grains/dscf): 
Particulate concentration (grains/ACF): 
Emission rate (pounds per hour): 
Isokinetic sampling rate (percent): 

I* - Point by point isokinetic rate 



Particulate Emission Test Calculations 

Company: Florida Tile Source: Forniker Kiln Test No. : 2 
Date: March 7, 1989 Test Team: Bruce Lawrie / Jerry Freeman 
Nozzle Diameter: 0.310 in. Nozzle Area (Sq.Ft.): 0.000524 
Console No.: 1 Meter Calibration: 1.031 Km: 0.699 
Stack Diameter: 7.1 in. Stack Area: 0.27 Sq.Ft. 
Stack Moisture: 4.3% Stack Static Pressure: 0.0 " W.C. 
Stack Temperature: 465 OF Meter Temperature: 79 OF 
Pressures: Barometric: 29.50 in. Hg. Stack: 29.50 in. Hg. 
Probe No.: 3' #I Filter/Impinger Box No.: 1 Cp = 0.99 
Orsat/Fyrite: % C02 = 1.0 %02 = 20.0 %N2 = 79.0 
Molecular Weight of Gas: Dry: 28.96 Wet: 28.49 
K Factor: 7.9 Minutes/Point : 7.5 Number of Points: 8 
Mls: 37.0 Milligrams: 13.3 

Vm P Sqrt -P -H Ts Tm Tn? I * ........................................................................ 
405.488 0.17 0.412 1.40 491 74 74 102.3 
410.14 0.18 0.424 1.50 4 60 79 74 101.0 
414.97 0.18 0.424 1.50 458 8 4 74 99.6 
419.76 0.20 0.447 1.60 481 8 6 7 5 101.5 
424.852 0.20 0.447 1.60 453 7 8 7 5 101.8 
430.00 0.20 0.447 1.60 458 84 76 101.1 
435.13 0.17 0.412 . 1.40 462 87 76 99.7 
439.80 0.20 0.447 1.60 455 88 7 7 97.8 

444.795 Final 
0.120 Leak 

AVERAGES 

CALCULATIONS 

Volume of Water Vapor Collected (cubic feet): 
Dry gas volume through meter (cubic feet): 
Stack gas moisture content by volume: 
Stack gas wet molecular weight: 
Actual stack gas volume sampled (cubic feet): 
Stack gas velocity (feet per second): 
Stack gas volumetric flow rate (dscf/minute): 
Stack gas volumetric flow rate (ACF/minute): 
Particulate concentration (grains/dscf): 
Particulate concentration (grains/ACF): 
Emission rate (pounds per hour): 
Isokinetic sampling rate (percent): 

I* - Point by point isokinetic rate 



Particulate Emission Test Calculations 

Company: Florida Tile Source: Forniker Kiln Test No. : 3 
Date: March 8, 1989 Test Team: Bruce Lawrie / Jerry Freeman 
Nozzle Diameter: 0.310 in. Nozzle Area (Sq.Ft.): 0.000524 
Console No. : 1 Meter Calibration: 1.031 Km: 0.699 
Stack Diameter: 7.1 in. Stack Area: 0.27 Sq.Ft. 
Stack Moisture: 4.5% Stack Static Pressure: 0.0 " W.C. 
Stack Temperature: 444 OF Meter Temperature: 76 OF 
Pressures: Barometric: 29.50 in. Hg. Stack: 29.50 in. Hg. 
Probe No.: 3' #1 Filter/Impinger Box No.: 1 Cp = 0.99 
Orsat/Fyrite: % C02 = 1.0 %02 = 20.0 %N2 = 79.0 
Molecular Weight of Gas: Dry: 28.96 Wet: 28.47 
K Factor: 8.0 Minutes/Point: 7.5 Number of Points: 8 
Mls: 41.5 Milligrams: 16.6 

Vm -P Sqrt -P - H T s Tm Tm I * ........................................................................ 
461.144 0.18 0.424 1.50 440 6 9 6 9 103.5 
466.07 0.23 0.480 1.90 446 76 6 9 99.8 
471.45 0.17 0.412 1.40 450 80 7 0 100.0 
476.10 0.21 0.458 1.70 446 83 7 1 99.6 
481.274 0.23 0.480 1.90 440 76 73 101.1 
486.76 0.21 0.458 1.70 440 83 7 3 99.2 
491.94 0.22 0.469 1.80 444 86 7 4 97.5 
497.16 0.20 0.447 1.60 444 88 75 96.5 
502.101 Final 

AVERAGES 

CALCULATIONS 

Volume of Water Vapor Collected (cubic feet): 
Dry gas volume through meter (cubic feet): 
Stack gas moisture content by volume: 
Stack gas wet molecular weight: 
Actual stack gas volume sampled (cubic feet): 
Stack gas velocity (feet per second): 
Stack gas volumetric flow rate (dscf/minute): 
Stack gas volumetric flow rate (ACF/minute): 
Particulate concentration (grains/dscf): 
Particulate concentration (grains/ACF): 
Emission rate (pounds per hour): 
Isokinetic sampling rate (percent): 

I* - Point by point isokinetic rate 



TEST CALCULATIONS 

I. Determination of Moisture in Stack Gases 

a. Volume of Water Vapor Collected (Cubic Feet): 

Vwstd = 0.04707 * (Vlc) 

b. Dry Gas Volume Through Meter (Cubic Feet): 

Vmstd = 17.64 * Vm * Y * [(Pbar + (-H/13.6)) / Tm] 

c. Moisture Content: (Bws) 

BWS = vwstd / [ Vwstd + Vmstd I 

d. Wet Molecular Weight: (Ms) 

Ms = [ Md * (1-BWS) ] + [ 18.0 * BwS ] 

11. Actual Stack Gas Volume Sampled (Cubic Feet): 

Vma = [ Vmstd * Ts * Pstd ] / [ (1-BWS) * Tstd * PS 

111. Determination of Stack Gas Velocity & Volumetric Flow Rate 

a. Stack Gas Velocity (Feet per Second): 

Vs = Kp * Cp * (-P) * [SQRT (Ts / (Ps * Ms)) ] 

b. Stack,Volumetric Flow Rate (Cubic Feet per Minute): 

1. Dry Standard Conditions (Qs) 

Qs = 60 * (1-Bws) * Vs * As * (Tstd/Ts) * (Ps/Pstd) 

2. Actual Conditions (Qa) 

Qa = Vs * As * 60 



IV. Determination of Particulate Concentration (Grainloading) 

a. Dry Standard Conditions: (cs) 

cs = 0.01543 * ( Mn / Vmstd ) 

b. Actual Conditions: (csl) 

csl = 0.01543 * ( Mn / Vma ) 

V. Emission Rate (Pounds per Hour) 

E = 60 * Qs * cs / 7000 

VII. Determination of Acceptability of Sampling Results: (I) 

I = Ts * ((0.00267 * Vlc) + ((Vm*Y/Tm)*(Pbar+(-H/13.6)))1 
0.599 * 8 * Vs * Ps * An 

VIII. Excess Air Determination: 

% E.A. = [%02-0.5%CO] / [0.264% N2 (%02-0.5% N2)] * 100 



NOMENCLATURE 

As 

An 

ACF 

ACFM 

Bws 

cs 

csl 

CP 

delta H 

dp 

delta P 

dscf 

E 

KP 

Mn 

I 

Pbar 

Pm 

Ps 

Pstd 

Qa 

Qs 

Tm 

Ts 

Tstd 

Cross-sectional area of stack, square feet 

Cross-sectional area of nozzle, square feet 

Actual cubic feet of gas at stack conditions 

Actual cubic feet of gas per minute at stack 
conditions 

Proportion by volume of water vapor in gas stream 

Lead concentration in stack gas, gr/dscf 

Lead concentration in stack gas, gr/ACF 

Pitot tube coefficient 

Pressure drop across orifice meter, inches water 

Nozzle diameter, inches 

Velocity head of stack gas, inches water 

Cubic feet of dry gas corrected to standard conditions 

Lead emission rate, pounds/hour 
. .:... 

Constant (85.49) 

Total lead collected, mg 

Percent of isokinetic sampling 

Barometric pressure, inches mercury 

Barometric pressure of dry gas meter, in. mercury 

Absolute stack gas pressure, inches mercury 

Barometric pressure, standard conditions, 29.92 "Hg 

Volumetric flow rate, actual conditions, ACF/min 

Volumetric flow rate, dry standard conditions, 
dscf /min 

Absolute average dry gas meter temperature, degree R 

Absolute average stack gas temperature, degree R 

Absolute temperature at standard conditions, 528 R 



4 

Vlc 

Vm 

Vma 

Vmstd 

vs 

Vwstd 

Total sampling time, minutes 

Total volume collected in impingers and silica gel, ml 

Volume of gas sampled through gas meter, cubic feet 

Stack gas volume sampled, ACF 

Volume of gas sampled through gas meter, cubic feet 

Average stack gas velocity, feet/sec 

Volume of water vapor in gas sampled, standard cubic 
feet 

Dry gas meter calibration factor 



APPENDIX C 
SCHEMATIC OF SAMPLING LOCATION 



Sampling Point Location 
for 

Forniker Kiln Exhaust 

7.1 inch Diameter Stack 

Sampling Point 

1 

2 

3 

4 

Distance From 
Stack Wall (Inches) 

0.5 

1.8 

5.3 

6.6 



APPENDIX D 
TEST EQUIPMENT & CALIBRATION DATA 



Y YODUUR SAMPLE W E  1 

Hratrd Comparlment: 
b?vialionfrom Set Point: t 5.F. I hmml Gradient: 4.F 
(too to bottom) 

Obrs Sampling ?ink: 
1 cyclone 1 flask. 1 finep-holde?. 4 
irr;3tn~e..bdbble: units' 1500 mll. 3 I .  U '  C0nne:l~rs. 1 t l b o r  IaI! wl!h 

br1l~@ln! co??e:tlons 2e-15 inlets 

/ and 28.12 ou lk ts l  12 metal 
CIIrnm. 
'C mt* m u  Y I D ~ I I (  IW. en C w - r  n r. 

I 
..Hmm b I l~1-1W1w CII,  

PIT OBE ASSEMBLY 
Combines hemalprobe b6ebcbbb 
pit01 tube; 3'.5'blO'rc*ethm 
Dtainkrs ateel cuWrudii:Wyolnt 
1 q u i e k d i s c o n n a 4 ~ ~ ; S ' b S  
units with Pyrel @ru or auinlcu ateel 
!inerr, 10 w~thrla:r.lcrrrtnl lincr Only. 

grmpling Non*r: Y-. Y '  1 H' ID 
rla~r4est steel units supplied with 
pitobe, other 0 9 ( i o ~ I  a i l s  and 
mater~alr are mi-. 

UECTRICU 
Byetarn 0p.rat.6 On 116 v. 60 Hz, 
18.6 anpa (total) in 8tmady running; 
aNconwctiona are 3-wire Orouneing 
cr#. Optional 220 v. 60 Hr Byatam 
available 



eontajn water or su~table chemaca: m. 
rge-lsl *I thl5 stage. the wate, vapor 
b rrmc+ea by a Combrnat!on 01 con- 
6enrs:lo- and a colum? ot silhca pel. 
and ertralnea gases may be co~~ectea 
by IOsttlVr chem~cmls contained in the 
impmpe'. bub3ler units The cleaqed. 
dry air then is passed through the um- 
btlicml Cold to the meter c o w o l  case. 
where it b RCOrOed by the dry pas 
m t e r  m d  discharged. 

Air stream velocity and volume are 
rtgulsted by, and disptsyed on. instru- 
ments:,on in the control console. Air 
sttea* temperature measurements also 
are made and drSPlayed in this console 
All data displays arecumulative or real 
time measurements. 

The numbet of ramplea lhd can be 
Uken at one location, in a sinpie day. 
usually is limited only by the number of 
modular subsystems available owsite. 
A full aeries of umples  u n  be taken 
by using different, lnterchanpeable im 
pinper modules and pltobes. Each 
implnger module can be pmassembied 
with the aempla-collectino t ra in o f  
proper confipuration for the ipecific ef- 
fluent to be sampled. The only chanoes 
to be made a r t  the dircdnnect6n- 
connection of  the impinger module; 
m d  pitobes.The same heated compan- 
mew, meter control caw, and umbilicel 
car be used for all sampling series. 

The nomograph is used during ssm- 
plinp operations to correlate m n o m -  
'eter readinps from the probe with 
manometer roadings from the pitot 
tube: T h e  calcutstions reveal when 
and If adjustments in Mmplinp rate are 
wctssary to maintain irokinetic mm- 
piing conditions. 

8ptc~cat5ons 
METER CONTROL CASE 
STANDARD 
Contains vacuum pump, inelinebvefiical 
manometer. dry pas mettt. thermome 
tors. controls and n l t c t o r  witches; 
ateet wlbaked enamel finish: 1 5  W r 
24" H r 13b" D; weipht 87 I&. 
Pump: % hp. 1725 rpm. 5.4 amps. 4 cfm 
tree flow. fused (lor overlord proteclion). 
Manometer: Dual column.encued d c  
Jgn: 0-1.0" water (0.01" MD) inclined 
rule;  1.1-10" w t e r  (0.1'' MD) rdr l iUI 
u r l e .  i t *  full scale accuracy. 
Dry Gar Meter: SBBQ B cu k (digital 
reSdDdt1. 

LCD 
Contains liauid cystel display (LCD) tern- 
p n t u r e  indicatof. intliWvOriiW nu* 
omtoter, dry 0ss meter. T ~ p c  K  chrome^- 
Uumel th.rmocouphs. c i r~urt  brwket 
wlezlot ar;tches ane opeva!ing COW 
tr3h steel- 'babe< emame: ftntsr 20'.5 
H . 17 n . 10 D ~ c ~ : . . :  r o  '3s 

.METER CONTROL CASE 

- s f C " h m s  

10 po)bon r * n o r - m  *wlecl- 
mble t.mg*nlum m*r d -199' to 
+rBBg'F or -128' to +lDBJ'C ooen 
thermocouple tndmtton an6 automate 
m f e r t n u  companytton. :0 25% tutl 
. u l e  ucuncy 
Y.nomotn: Dual dumn ancrscd de 
W n .  0 1 0  n t c r  (0-01' YD) tncbrd 
ocrle. 1.lff r t . r  (O 1' YD) *.nul 
Y.10 21. lull .C.* Y w . t y  
Dy G a  Urntor 0 .  BW 0 cu It ldogttal 
ma?onl  
pump Motor lirwrnbty E~rc.ra' rcta 

W L A R  SAMPLE C U E  
S U ~ ~ O ' L I  pilobe wntains a!'.glasr SB 
pr in~  tram. aluminum cons0,uct,or. 
bhea enamel bnish Was two sewr i  
cap.%nentr OW is insdlslteanc he 
a. hn a circulating fan for ere* h( 

&taution and contain6 M r l i c k c  
~i cycbm.fla8kandfittcr th. 01, 
b 8 brtrchble ic4 b t h  Containing 1.r 
r to 6 imDinger.bubbler units &e. 
.ite t 8 h l r ? O k ' W 1 Q h  C We 
wp.:. 32 tbs 1nc1dd-70 g'ass+a.e 



' 1 ""'- - - b W Y I  V C .  
b i o l t a l  T a m p o r a t ~ ~ a  Dtaplay 
8 t b s ~ m p l r  LCD COmDlele atrch 
UmD!,nC Snfcn. w h ~ h  pror;aeL ~ C C U .  
mle dlg'lr' lr?lDcralure resoouls 10. 6 
dltfcfe-: polnls in the sys!cm Tnetmo 
coupler reDlrce dial lMrmomete% and 
are used1oo31ein tempe~~~~~e reaa~ncs 
(1) ~ntheslach 121al theprobQ ttner(3:1n 
nmDlc Cast healed companmen!.(4)at 
Ouflet of lasf impinger. (5) at dry gas 
meler ink!. and (6) at dry gas melet 
Outlet The meter conlrol.case is equip 
Vtd with r i ~ q u ~ d  crys:a! display (LCD) 
temwralure indicalor and external Dump 
and is Compal~ble with all erlslinp RAC 
Stah~emplrs 

b r p e  Fi l ter Ho lders  
Whenr highvolumeof paniculatematter 
i8 encounlered. interchangeable 3' (80 
mm. P/N 201012) ando'. (1 lOmrr P/N 
201 013) glass units can be subst.:ilted 
107 2.5" (64mm. PIN 997065) panicle 
tiller in sample case heated compan- 
ment All sizes of RAC liller holders are 
equipped with a tritled glass disc to 
BUD DO^ the filler media. 

Water.Jbcketed P l tobes 

These iackettd units use circulating water 
to withstand alack temps over 80o.F; 
available in 3 . 5 ' 6  10'effective lenpths 

~~ 

StminlaaS 5tWt 
~ m ~ i n g a r r # u b b k n  

For @ D p l U I ~  m r h ~ n  beahage d 
glas&-rfe IS r common Poblem. RAC 
otters op!~o.ulstanerr aleel impngcvr 
l P I N 2 0 1 D B 3 1 6 ~ U M s ~ ~ / N I O l 0 9 2 )  
~ c r ,  ball-loml M r m m s .  T h . 8 ~  un- 
bveakablt r ' L ~ ~ u n l t s  arc InterErungr 
able W I ~  the u d  glassware. 

Sec1ionalir.d Pitol Tube 
Three modubt w f i o n s  prorldc an S. 
type pdot wnh-t~ve knfjlhsollO'6 
15' 

D ig i ta l  Pocko l  Pyrome1.r 

Pocket-sized. bttery povered thenno 
couple pyrometer provides nabk.Kcur- 
ate temperature madinps. Tlpe K ther- 
mocouple lsuwlied wpamtety) anaches 
topitDbCandpmrdsstemWmturesover 
r a n g e  of W t o  I W F  (P/N802726)or 
10: to r i oo=c (Pm 992726-1). 

sllda Rule Womosnph 

Performs vrencap(ing and durinpum- 
p!inp isokinett Qkulstions maily and 
accutately: ha*. nandord, elide ruk  
body, very -te and n r u t i k ,  no 
assumptions are neccssDry, C8iCulaleS 
nozzle diemeterandmokinetic nmpiing 
rote (PIN 201014); optional J F  ruk  

8 p o c W . l U n e n  
h WMiliOn lo the IUndrrd g1.u 
O M  Tlpr P1 -inleu nrl I i i m  tur- 
nbhed m nrrrbata with RAC prober. 
opt~onrl l k f s  nude of TetI~n. T y ~ e  
316 m i n h  steel. gwm, a d  hconel 
alro are wailable on apecbl order. 
fhoC #inn m l m i h s d  h rtuldard 
bngms of S. 5' or 10' (exmp for Pyrex 
O l t u  a d  qumm) and apc i r l  kngtha 
un bc w p p r i  to order. 

f*xlblr &mpRq UH. 
Fw mmplnp Qpbmtionr in confined Or 
physically m e d  area& RU: oHerS 
t ~ ~ x i b l e .  b 1 . d  nmplcsolccting lines 
mr t   an^ mc ~ i tobc  to bc ~ ~ l r a t e e  
kom the sample caw by d*lsnces UP to 
20' wilh no IDP in m m p l i  eflicency. 
&nibble in W. 10'. 15' 8 10' Ien0ths. 
~ t u  f~exib~e lim cm be raed tor pas 
d rums wlt~ Umpr up (o W F  (ma.!. 
.nd hare at0 ldbrKpmt00nneclionS *I 
D M e n d s A ~ ~ d a v i c 4 c O ~  
kOII t e rn  n m  in the nmpk tine and 

Sbme b-IC conlipuration rncd lo rmmple Be Ilium6 w%uV VePor 
(FeOcr.1 Regisler. Vol. S6. Nos 234 &. Wl b 247) I 

(yethod #) 
UtlltC we. o by.paSse0 pa'l~culale 
1111e. ~ o ? . - : , ~ r c  ce~re t -  lr!  &. 2nd t r s -  

D.*W'S I 1 1  D l t C l  157.D:1~1lS LBTl€  8% 

This instrument adapts the Staksempll 
wntrol cons& lo, u u  wilh Me RAC 
St& Gm Tmin sample uu. which 
user m~dget (30 mr) impingem lor 6amp 
ling moisun 1EPA Wethod 4 )  end SO? 
(€PA Method 6) in slaclu a bucts. t~hs 
llwmeter l o  monitor the lo* t b n  rn1I:b 
npuired, d. tube 6 connections lor 
mmpl iq  pit* 1 electrical 6 m s  (P/N 
947503L 

*nd.nm- 
Fnctiondkg- 
Redmion. W i g c ,  m- 8lWl 
unit dbca 1 .ulomrtically d w i l i e s  
paflick 1rd0 8 8iws (ranpinp Worn 
+~.Omiomdomto0.3Smicronr din) 
e m r d i q  mmcir wroOynamic chsrnc- 
wristi-; iohinaic bchniqucr can be 

, f w  nmpling in Stacks wlth vcloc. 
: #iisttom 100 tc 12.000 fpm 6 teq*i>S 10 
1 ~KK):F. *pts to a11 RAC pnDbes ( P I N  
I 201037L 

QaStmm-1 
I 

rmf- p D D ' F )  4 - b u l b  and ' d v - h l b  n u n n o m t e r r  to measure 
prerrnt d -tar -1 h .UCh p.s 
r ( n r m r r l l h ~ b c l 0 r  212-F:rt.irr 
h s  noel wnstruction fPm 8975171 



AST, Inc. 
Post Test Meter Calibration 

Console #1 

- H -cm Vlcm V2cm Vldgm V2dgm Tcm T1 T2 ..................................................................... 
1.2 0.0 815.921 825.633 744.423 753.976 65 72 63 

83 66 

MCF = 1.025 
MCF = 1.028 
MCF = 1.025 

Average MCF = 1.026 

Calibrated by: 



THERMOCOUPLE/THERMOMETER CALIBRATIONS 

Device Reading (oF) 
ASTM Refe~c~rce 

Thermometer, ,(o_Fl 

%, OH ner 7 / c  




