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INTRODUCTION

On Tuesda§ and Wednesday, March 7 and 8, 19839, Air Systems
Testing, Inc. (AST), of Marietta, Georgia, performed compliance
particulate and gaseous fluoride emission testing on the Forkiner
kiln exhaust at the Florida Tile Corporation plant located in
Lawrenceburg, Kentucky. The testing was performed to determine if
the particulate and gaseous fluoride emission levels were within
the allowable rate defined by the Kentucky Bureau of
Environmental Protection. AST field test personnel were Bruce

Lawrie and Jerry Freeman.

AST would like to thank Mr. Jim Jefferies and his associates at
Florida Tile for their assistance and cooperation throughout the
testing program. We would also 1like to thank Mr. Jim Neal, Mr.
Patrick Springston, and Mr. Gerald Slucher, all with the Kentucky
Bureau of Environemntal Protection, for their review of the test

procedures and plant operation.




SUMMARY OF TEST RESULTS

The summary of the results of the testing can be found below and
on the following pages. Below is shown the results of each of the
three test repetitions and the average of the three (which is
used to determine compliance with state standards). The results

are shown in pounds per hour for particulate and fluoride

emissions.
Particulate Allowable Fluoride
Emission Rate Emission Rate Emission Rate
Test No. {pounds/hour) { pounds /hour) {pounds/hour)
1 0.02 2.34 0.01
2 0.02 2.34 0.01
3 0.02 2.34 <0.01
Average 0.02 2.34 0.01

Thus, from the above table, the Forniker kiln at Florida Tile,
Lawrenceburg, Kentuck?y is within allowable standards for

particulate emissions.
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SUMMARY OF TEST RESULTS

Volume @ Meter (Vm):

Sgrt 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 CO2 (%):

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 Iscokinetic Sampling:

Forniker Kiln Exhaust

Test #1

38.692
0.445
60
29.50
1.54
20.0
28.50
916
1.031
0.99
538
0.27
0.000524
0.0
21.0
79.0
12.6

28.84
0.94
38.733
0.024
28.58
69.809
39,25
3563
636
0.0050
0.0028
0.02
94.3

Test #2

39.187
0.433
60
29.50
1.53
37.0
29.50
925
1.031
0.99
539
0.27
0.000524
1.0
20.0
79.0
13.3

28.96
1.74
39.155
0.043
28.49
72.666
38.44
336
623
0.0052
0.0028
0.02
100.3

Test #3

40.957
0.454
60
29.50
1.69
41.5
29.50
804
1.031
0.99
536
0.27
0.000524
1.0
20.0
79.0
16.6

28.96
1.95
41.169
0.045
28.46
74.882
39.87
355
646
0.0082
0.0034
0.02
99.6




SUMMARY OF TEST RESULTS

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 C0O2 (%):

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:

Forniker Kiln Exhaust

Fluoride Emissions

Test #1 Test #2
38.692 39.187
0.445 0.433
60 60
29.50 28.50
1.54 1.53
20.0 37.0
29.50 29.50
916 925
1.031 1.031
0.99 0.99
538 539
0.27 0.27
0.000524 0.000524
0.0 1.0
21.0 20.0
79.0 79.0
5.07 4.95
28.84 28.96
0.94 1.74
38.733 39.1558
0.024 0.043
28.58 28.49
69.809 72.666
39.25 38.44
353 336
636 623
0.0020 0.0020
0.0011 ©0.0011
0.01 0.01
94.3 100.3

Test #3

40.957
0.454
60
29.50
1.69
41.5
29.50
904
1.031
0.99
536
0.27
0.000524
1.0
20.0
79.0
1.78

28.96
1.95
41.169
C.045
28.46
74 .882
39.87
355
646
0.0007
0.0004
.00
99.6
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E.P.A. TEST PROCEDURES

The testing procedures followed were according to Methods 1, 2, 3,
and 5, and Kentucky Method 130 for location of sampling peoints;
measuring of stack gas velocity and wvolumetric flow rate;
determination of 002, Oy 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, Title 40, Parts 53-60, revised as

of July 1, 1986.

Method 1, determination of number and location of sampling points,
was used to calculate the location of the sample points used on
each traverse. The exact location of each point can be found in

detail in Appendix C.

EPA Method 2 was used to calculate the stack gas velocity and
volumetric flow rate. The standard pitot tube was fabricated
according to design criteria in Method 2 that allows a pitot
coefficient of 0.99 to be used in the calculations. The pitot tube
was not attached to the probe assembly due to the small stack
diameter. Velocity measurements were made downstream‘ from the
nozzle sampling location. Stack gas temperatures used in the
velocity calculations were obtained with a type "K" thermocouple
and Omega digital thermometer. Leak checks were performed on the

pitot-manometer assembly after each test and showed no leak.




Method 3 was used to determine dry molecular weight, including

002 and 02 concentrations. The grab samples were analyzed
immediately with a fyrite analyzer according to procedures

outlined in Method 3.

Method 5, Determination of Part:@culate Matter from Stationary
Sources, was used to determine particulate emission
concentrations. The sampling train consisted of a calibrated
nozzle, union, 316 seamless stainless steel liner heated with 50
feet of 0.4 ohms per foot nichrome wire, glass fiber filter and
filter holder, four impingers, umbilical cord, pump, and control
console. Filter box, impinger outlet, and dry gas meter
temperatures were monitored throughout the test with bimetallic
thermometers. The dry gas meter in the control console was
calibrated against a Rockwell S-415 test meter that had been
standardized with a Rockwell #1464 Bell Prover. The 5-415 meter

had a calibration coefficient (Y) of 0.299.

Kentucky Method 130 was used to determine gaseous fluoride
concentrations. The distilled water impinger catch from the Method
5 testing was analyzed by the specific ion electrode method for

fluoride concentrations.
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Sampling Procedures

The sampling area for the testing was located on the kiln
exhaust stack. A forklift truck was used on each of the two test
ports to support the filter/impinger box while the probe
traversed the stack. The schematic of the sampling location can

be found in Appendix C.

Prior to each test, the sampling train was assembled for testing.
100 milliliters (ml) of distilled water was placed in each of the
first two impingers, the third impinger was left empty, and 200.0
grams (g} of silica gel was placed in impinger number 4. The
probe was secured in the sampling box, the filter holder assembly

was installed, and the system was ready for pre-test leak checks.

After each test, leak checks were performed on the sampling
train, Method 3 train, and each side of the pitot tubes. Next, the
train was disassembled. The filter holder was removed and sealed
to prevent loss of particulate matter. The probe and nozzle were
cleaned with reagent grade acetone, with all sample exposed
surfaces brushed and rinsed at least six times to insure all
particulate matter was removed. This rinse was saved in a 500 ml
polyethylene bottle., Next, the contents of the first three
impingers were measured with a graduated cylinder, rinsed, and
saved for further analysis for fluorides. The silica gel was

returned to its container and sealed.




Laboratory Procedures

The following procedures were followed for each repetition:

Container No. 1

A pre-numbed B1.5 millimeter glass fiber filter was desiccated for
a minimum of 24 hours, weighed to a constant weight, and
transferred to this container. Before the test, the filter was
placed in a filter holder. After the test, the filter was carefully

removed from the filter holder and returned to the container.

Container No. 2

All sample exposed surfaces between the nozzle and the filter
were washed with acetone, including brushing and rinsing at least

six times, until no particulate matter remained. The brushes were

. also rinsed with the acetone to remove any particulate adhering

to them.

Container No. 3

200.0 grams of indicating, 6-16 mesh silica gel was weighed and
sealed in this container. Before the test, it was added to
impinger number four. After the test, if was returned to the

container and sealed.
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Container No. 4

The contents of impingers 1, 2, and 3 were measured with a
graduated cylinder and saved in this container. The container was

sealed.

The following procedures were followed for each sample:

Container No. 1

The filter was desiccated for at least 24 hours and weighed to a

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

analytical balance was calibrated with a 100 gram and 1 gram

class S weight.

Container No. 2

The contents of this container were transferred to a tared
beaker. The volume of the rinse was recorded and the acetone in
the sample evaporated. When the beaker was dry, it was desiccated

and weighed to a constant weight.

Container No. 3

The silica gel was weighed to the nearest 0.5 gram.




Container No. 4

The contents of this container were transferred to Galbraith

Laboratories for analysis for fluorides.

10
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APPENDIX A
LABORATORY RESULTS
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PARTICULATE LABORATORY DATA SHEET

Test No.: l Source: 6;401‘-6'- KN—“J

Acetone Blank: Volume: /OO ml. Net Wt.:

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

Filter

Filter No.: 23'

Final Weight: 0.364% 4. O 3646 g. AVG:
Tare Weight: 0:3609 4. 0.3610 4. AVG:

Net Weight: AVG:

Probe Wash

Probe Wash Beaker No.: ? Volume:

Final Weight: 28.‘34"71 g. lZ.B‘%QJUg AVG:
Tare Weight: 12% -94’07- g. 12.8.34'00 g. AVG:

Net Weight: AVG:

Less Acetone Blank Residue:

TOTAL PARTICULATE MATTER COLLECTED:

0.0000

0 g/ml.

0.3646 .
0.3610 4.
0.0036 .

IBO ml.

29943 .
R3.I401
0.0090 g.

0 ..

0.0126 .
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PARTICULATE LABORATORY DATA SHEET

Test No.: Z- Source: FBQ-HHCE&KN.P-’

Acetone Blank: Volume: 100 m1. Net wt.: 0.000D g,

Acetone Density: '786 g/ml. Residue: O g/ml.
Filter

Filter No.: __ & IV

Final Weight: 0.369 g. 0.3696 g. AVG: 0.3676 g.
Tare weight: ©.36210 4. 0.3620 4. ave: 0-3671 ¢
Net Weight: ave: 0.0071S 4.

Probe Wash

Probe Wash Beaker No.: 4’ Volume: l_)S ml.

Final Weignt: 129907 g.  129.9069g. ave: 129.9070.
Tare Weight: {29 9Q0V3 4. 129.90l0 g. AVG: [29.90IL 4.
Net Weight: ave: 0.00S¥ g.

Less Acetone Blank Residue: O g.

TOTAL PARTICULATE MATTER COLLECTED: O .0 ‘33 g.
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PARTICULATE LABORATORY DATA SHEET

Test No.: 3 Source: ;"Oﬂ-pll‘éﬂ-kll.h) )

Acetone Blank: Volume: \00 ml. Net Wt.: 0. 00 g.

Acetone Density: 0786 g/ml. Residue: O g/ml,
Filter

Filter No.: 2-9 3

Final Weight: (.3653 g. 0.365Z 4. ave: 0.3653 ..

Tare Weight: 0.3574 g. 0.3570 g. AVG: 035724 g.

Net Weight: AVG:

Probe Wash

Probe Wash Beaker No.: —7 Volume:

Final Weight:[1L3:6236 . [28.62%0 4. ave.

0.90&[ 4.

ml.

110
18.6038 .

Tare Weight: 1 88.6ISS 4. [28.6lS0O4. avs: [28.6153 4.

Net Weight: AVG:

Less Acetone Blank Residue:

TOTAL PARTICULATE MATTER COLLECTED:

0.008S5 .

O .

0.0166 .




CERTIFICATE OF ANALYSIS

P.O.BOX 51610, KNOXVILLE, TN 37950-1610

OTHER CARRIERS - 2323 SYCAMORE DR, KNOXVILLE, TN 37921
! 615/546-1335
Mr. Bruce Lawrie April 3, 1989
< Air Systems Testing, Inc.
f P.O. Box 6278
iy Marietta, Georgia 30065 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
E Florida Tile Test # 3 Imp. Catch E-8781 1.78
b 3-7-89

Sincerely yours,

GALBRAITH LABORATORIES, INC.

Gail R. Hutchens
Exec. Vice-President

GRH:sc
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CHAIN OF CUSTODY FORM

Plant: FL.—oLwﬂ 771-5 Scurce: [r;’.tzv&m Kvt-‘—’
Date Sampled: 3/7'8/6)3 Run No.: /-3
/ /

SAMPLE RECOVERY

Container No. Description (if filter, give filter No.)
As macteol Frread’s 290,290 293

fo mscteed Bobe wresh fesh [ 2,3, ¥ foets bhak
As novbed ZLosesen_citch _fests /2,17

AirmiéL Toprcen Keetoms Opse_Frsts 4243

Person Engaged in Sample Recovery:

Signature & Title: _:7Tiz§5;é:-—-

Recovery Location: _ A2 ;}LC

Date & Time of Recovery: /d?cfé’r fec‘A 7[1“5'71

Sample Recipient, upon Recovery, if not Recovery person:

Signature:

Date & Time of Receipt:

Sample Storage:

Laboratory Person Receiving Sample:

Signature & Title: u$32i§;525§1—~

Date & Time of Receipt: -%/5_//39
LA

Sample Storage:




APPENDIX B
FIELD DATA SHEETS & CALCULATIONS
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PARTICULATE TEST FIELD DATA

0. 00 Fm & —

Pitets

P

/.

:T/'m /‘Uee f

o

Sy 7E oBSEAVELS.

Forrmx SR ACETTUN o

Company: _FLOADN Tike source: A owss eceloer/ Test No.:_|
Date: _March 77, 19€9 Test Team: _LAuYic /FrecmAan
Nezzle Diameter: in. Nozzle Area (S§.Pt.):
Console No.: Meter Calibration: yazxy A n 2O 679
Stack Diameter: 7./ in. Stack Area: <. 2 7 sq. Ft.
Assumed Moisture: x Stack Static Pressure: 0.0 " w.c.
Stack Temperature: Meter Temperature: "’?,\‘3 oF
Pressures: Barometric Z‘)-S"’ in. Hg. Stack: 273:%°  in. Hg.
Frobe No.: _ 3" 4 { Filter/Impinger Box No.z _/ Cp =
Oresat/Fyrite: % CO2 = / x02 = /9D N2 = SO
Meolecular Weight of Gas: Dry: Wet: "~
K Factor: Minutes/Point: %,g «
Time Start: _// /& #m£.5.7. Time End: /2. f'
ks . L
Foetest JerbchcksOl s e Mp ERATURE S
Mezter H Meter | Vacuum
Point Volume AP Desire{ Actual({ Stack| Box |Imp | In | Out
I 136,655 (0.3 | € o 2. O | FEOIZIS| O 2472178y &
2 _|322.20 Q.72 iR = [ - ¢S5 AzF ol FLAI7S |22 ] &
R I376. 77 0 27 | s o #£—1FS3 Je+TI38 SI173 S
4 198/.%7 la.2s | s & /. 5 SR | ZHy] IR86 | 71T S
<1 Comree  Pret < —
| 3e.242Zn. 2, | 1. S (S |F<5¢ oSOl L2121 251 .S
_2 S 4S5 1 0.2 , . ey 7 RIS IS ST ~S—
2 1396 2010./7 | / %: § %- a5 < |7e s &5 |95 251 5
@ _go0.9, 1074 | 7.3 /3 JZy7 | 2LOERS2 =y ] 7
P End |2 S 3F7 i
¢ t
) )
i ]
i |
} {
| i
i |
!
1
} H
i ]
]
- |
]
|
Aoz fe * C.349, o,3ro/ 0.3:’0/ 0.3
Comments: ,
Pt TEST Jesk ChacK

EARED St ERA




P
-

PARTICULATE TEST FIELD DATA

Company: _75 fre € Source: /L:a.N"‘Eff--ﬁ"f} Test No,: <
Date: ;3:7-7789 _ Test Team: LRAWEIE [ FRECMAN
Nozzle Diameter: O 3/ _in. Nozzle Area (Sq.Ft.): O.©09005z4
Console No.: ____  Meter Calibration: /. O3/ - 0699
Stack Diameter: 7 / in. Stack Area: & . Z7 Sqg. Ft.
Assumed Moisture: 2= — X Stack Static Pressure: o " w.c.
Stack Temperature: —— 44O oF Meter Temperature: — &o oF
Pressures: ?/‘jg;a:}ometric: 27.3> in, Hg. Stack; 29.J° in. -
Probe No.: _ Pilter/Impinger Box No.: _/ Cp = (.
Orsat/Fyrite: X C02 = / X02 = _Z o %XN2 = 7%
Molecular Weight of Gas: Dry: Wet:"
X Factor: & Minutes/Point: _ 2 5 < .
Time Start: __ /' 9 O2M Time End: _ 2.2/ . 2
o7 . ;
Prtest leale cheres 0 TEMPERATURES
Meter AH Meter | Vacuum
Point Volume AP Desire! Actual| Stack| Box |Imp | In | Out
i 1405 4881 2.7 | /& L. F 1L/ S3O[S O[T T FH—
z L /- & /8| /7 5 [ 5 |4 L0280 £33 129 1>0& 4
3 A(F. PP IO s3] £ S £-.S | ESSI260]| F6 34 T7F+ F—
— | #7976 | O o | /. & /& | BRI ALK 178 L~
ST0 CNANGE |/ RATT
7 42¢38521c.2y | 7/ € /. & 53 251 L1788 72T 7
zZ 143000 |©20 ]| /.6 Lo |LSEIaS| LASF T —?’
P 3 15X /3 186/ 1 7 <« /.2 #£e2 23050182 /6]
i ¢ 1£39.80 oo | /. & /& |#SS |z | S22 k387221 £
' LL 75T !

e e § o o frm oot e | = e = ] =

" 2: 50

Comments: PosT TEST LERK CNECK 0 02% <Fm @ ) AS Ime
Ol s.ceL’ 7 e
Pir s TOT RIS 7.0
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PARTICULATE TEST FIELD DATA

e
Company: /:;;z:wo DLl source: Aopu e st Test No.: <3
Date: _sm2 & /989 Test Team: LA EIEL FREcmnn/
Nozzle Diametef: in. Nozzle Area (Sq.¥t.): C.Q0oS5c4
Console No.: [ Meter Caldbration: /¢O3/ £, 2V 699
Stack Diameter: 7./ in. Stack Area: (.22 _  Sqg. Ft.
Assumed Moisture: f L3 Stack Static Pressure: " w.e,
Stack Temperature: —~— g oF Meter Temperature: oF
Pressures: Barometric: 29.% in. Hg. Stack: Z3.J° in. Hg.
Probe No.: I~/ Pilter/Impinger Box No.: _/ Cp = O.“B%
Orsat/Fyrite: % CO2 = / X02 = __ 2.2 XN2 =
Molecular Weight of Gas: Dry: Wet:r "

K Factor: Minutes/Point: <
Time Start: _@4 Time End: <
E: 3K pm

t TEMPERKTURES

Meter AH : Meter | Vacuun
Point Volume AP Desire| Actual| Stack | Box |[Imp | In | Out
L IS oD 2/ /- 7 | 7.7 1FSBISdelsSa 7ze 7S gf
= &S, 23 G-/?? A /. L oo 1 2SS |2 {1725
3> w2y [0 /97 | A /- # 495 1235TS RIS 12—
4 - SN — AN FreocideTip .
7 [ /41O IR | /. > /S | FEo 3 S ] DHNESTT F—
e~ 7lc.23 1 7 2 /.9 1+ 30 7159 F—
T3 WG es (077 7 & =R AT olLIAS070] <~
- K74 /0 1.2/ |/ 2 L. 7 |+ |S#¢3 |\ 4218317/ <F
Sy | SnP Y CHNRIGCE fords B .
. ZEraddo.ez| .2 | 7 J 1ZFOEFOIFT 72‘?7 7=
e %— MSE. 26 o2/ (. P /-% < 6?-’9' I = I
! . Gt Pl /. a Z. 35 o I
[ gé ;L‘, g Z° | /65 2.5 ZLIAZLS ST AT %
Ern tSo2./0/ . ,
! j
! .
i )
|
1
|
|

IR R Y PR

- | | Imp1-3E2.
Comments: @ L 1./ checty C.-O20 o, @_4_12'/ S Cer 1.5

/c)‘ToJ‘S N gz é ' Fz'c‘,-,m,.' 4___.({
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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 (Sg.Ft.): 0.000524
Console No.: 1  Meter Calibration: 1.031 Km: 0.699
Stack Diameter: 7.1 in. Stack Area: 0.27 Sqg.Ft.
Stack Moisture: 2.4% Stack Static Pressure: 0.0 " w.c.
Stack Temperature: 456 oF Meter Temperature: 78 oOF
Pressures: Barometric: 29.50 in. Hg. Stack: 29.50 in. Hg.
Probe No.: 3' #1 Filter/Impinger Box No.,: 1 Cp = 0.99
Crsat/Fyrite: % C02 = 0.0 %02 = 21.0 ¥N2 = 79.0
Molecular Weight of Gas: Dry: 28.84 Wet: 28,58
K Factor: B.2 Minutes/Point: 7.5 Number of Points: 8
Mls: 20.0 Milligrams: 12.6
vm “P Sgrt P "H Ts Tm Tm I*
366.655 .23 0.480 2.00 460 12 T2 101.8
372.20 0.17 0.412 1.40 452 78 72 96.4
376.77 0.21 0.458 1.40 455 83 13 87.17
381.41 0.21 0.458 1.60 453 86 74 91.0
386.242 0.21 0.458 1.50 456 18 TE az.8
391.13 0.23 0.480 1.70 457 83 75 91.6
396,20 0.17 0.412 1.40 455 85 75 98.6
400.912 0.16 0.400 1.30 457 87 75 95.7
405,347 Final
AVERAGES
38.692 0.445 1.54 456 78 94.4
916 oR 538
CALCULATIONS
Volume of Water Vapor Collected {cubic feet): 0.94
Dry gas volume through meter (cubic feet): 38.755
Stack gas moisture content by volume: 2.4%
Stack gas wet molecular weight: 28.58
Actual stack gas volume sampled (cubic feet): 69.82
Stack gas velocity {feet per second): 39.23
Stack gas volumetric flow rate {(dscf/minute): 359
Stack gas volumetric flow rate (ACF/minute): 647
Particulate concentration (grains/dscf): 0.0050
Particulate concentration (grains/ACF): 0.0028
Emission rate (pounds per hour): 0.02
Isokinetic sampling rate (percent): 94.5

I* - Point by pecint isokinetic rate




Particulate Emission Test Calculatiocns

i 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
, Conscle No.: 1 Meter Calibration: 1,031 Km: 0.699
g 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
B Pressures: Barometric: 29.50 in. Hg. Stack: 29.50 in. Hg.
ii Probe No.: 3' #1 Filter/Impinger Box No.: 1 Cp = 0.99
Orsat/Fyrite: ¥ Co2 = 1.0 %02 = 20.0 kN2 = 79.0
T Mclecular Weight of Gas: Dry: 28.96 Wet: 28.49
i K Factor: 7.9 Minutes/Point: 7.5 Number of Points: 8
: Mls: 37.0 Milligrams: 13.3
£ Vm "P Sgrt “P “H Ts Tm T I*
405,488 0.17 0.412 1.40 491 74 74 102.3
ol 410.14 0.18 0.424 1.50 460 79 74 101.0
| 414.97 0.18 0.424 1.50 458 B84 74 99.6
419.76 0.20 0.447 1.60 481 86 75 101.5
o 424.852 0.20 0.447 1.60 453 78 75 101.8
4 430.00 0.20 0.447 1.60 458 84 76 101.1
A 435,13 0.17 C.412 1.40 462 87 76 99.7
439.80 0.20 0.447 1.60 455 B8 17 97.8
4 444.795 Final
i 0.120 Leak
AVERAGES
} 39.187- 0.433 1.83 465 79 100.6
) 925 oR 539
i CALCULATIONS
Volume of Water Vapor Collected {cubic feet): 1.74
[ Dry gas volume through meter (cubic feet): 39,168
i Stack gas moisture content by volume: 4.3%
Stack gas wet molecular welight: 28.49
. Actual stack gas volume sampled (cubic feet): 72.67
iy Stack gas velocity (feet per second): 38.42
L. Stack gas volumetric flow rate (dscf/minute): 342
Stack gas volumetric flow rate (ACF/minute): 634
i Particulate concentration (grains/dscf): 0.0052
i, Particulate concentration (grains/ACF): 0.0028
Emission rate (pounds per hour): 0.02
% Isokinetic sampling rate (percent): 100.5
{:

I* - Point by point isokinetic rate
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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 (Sg.Ft.): 0.000524
Console No.: 1 Meter Calibration: 1.031 Km: 0.699
Stack Diameter: 7.1 in. Stack Area: 0.27 Sgq.Ft.
Stack Moisture: 4.5% Stack Static Pressure: 0.0 " w.
Stack Temperature: 444 oF Meter Temperature: 76 oF
Pressures: Barometric: 29.50 in. Hg. Stack: 29.50 in.
Probe No.: 3' #1 Filter/Impinger Box No.: 1 Cp =
Orsat/Fyrite: % C02 = 1.0 %02 = 20.0 ¥N2 =
Molecular Weight of Gas: Dry: 28.96 Wet: 28.47
K Factor: 8.0 Minutes/Point: 7.5 Number of Points:
Mls: 41.5 Milligrams: 16.6
vm “P Sqgrt P "H Ts m Tm
461.144 0.18 0.424 1.50 440 69 69
466.07 0.23 0.480 1.90 446 76 69
471.45 0.17 0.412 1.40 450 80 70
476.10 c.21 0.458 1.70 446 83 71
4B1.274 0.23 0.480 1.90 440 76 73
486.76 0.21 0.458 1.70 440 83 13
491.94 0.22 0.469 1.80 444 86 T4
497.16 0.20 0.447 1.60 444 88 75
502.101 Final
AVERAGES
40.857 0.454 1.69 444 76
904 oR 536
CALCULATIONS
Volume of Water Vapor Collected {cubic feet): 1,95
Dry gas volume through meter (cubic feet): 41.173
Stack gas moisture content by volume: 4.5%
Stack gas wet molecular weight: 28.46
Actual stack gas volume sampled (cubic feet}: 74.87
Stack gas velocity (feet per second): 39.83
Stack gas volumetric flow rate (dscf/minute): 361
Stack gas volumetric flow rate (ACF/minute): 657
Particulate concentration {(grains/dscftf): 0.0062
Particulate concentration (grains/ACF): - 0.,0034
Emission rate (pounds per hour): 0.02
Isokinetic sampling rate {(percent): 99.8

I* - Point by point isokinetic rate

c.

Hg.

0.99

19.

99.

QON=0000

o




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]

¢. Moisture Content: (Bws)

Bws = Vwstd / [ Vwstd + Vmstd ]
d. Wet Mclecular Weight: (Ms)

Ms = [ Md * (1-Bws)}) ] + [ 18.0 * Bws 1

II. Actual Stack Gas Volume Sampled (Cubic Feet):
Vma = [ Vmstd * Ts * Pstd ] / [ (1-Bws) * Tstd * Ps
III. 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.

VII.

VIII.

Determination of Particulate Concentration (Grainloading)

a. Dry Standard Conditions: {cs}

cs = 0.01543 * ({ Mn / Vmstd )
b. Actual Conditions: (csl)

" csl = 0.01543 * ( Mn / Vma )

Emission Rate (Pounds per Hour)

E=60 * Qs * ¢cs / 7000

Determination of Acceptability of Sampling Results: (I)

I =Ts * {((0.00267 * Vic) + ((Vm*Y/Tm)*(Pbar+("H/13.6))))

0.589 * 8 * Vs * Ps * An

Excess Air Determination:

¥ E.A. = [%02-0.5%C0] / [0.264% N2 (%02-0.5% N2}] * 100




As
An
ACF

ACFM

Bws
(of =
csl
Cp
delta H
dp
delta P

dscft

Kp

Mn

Pbar
Pm
Ps
Pstd
Qa
Qs

Tm

Ts

Tstd

NOMENCLATURE

Cross-sectional area of stack, sguare 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 isckinetic 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 conditicons, 528 R




- Total sampling time, minutes

Vic Total volume collected in impingers and silica gel, ml
Vm Volume of gas sampled through gas meter, cubic feet

r Vma Stéck gas volume sampled, ACF

_ Vmstd Volume of gas sampled through gas meter, cubic feet

i Vs ) Average stack gas velocity, feet/sec

' . Vwstd Volume of water vapor in gas sampled, standard cubic

g feet
Y Dry gas meter calibratiocon factor
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APPENDIX C
SCHEMATIC OF SAMPLING LOCATION




Sampling Point Location
for
Forniker Kiln Exhaust

>R
R

7.1 inch Diameter Stack

Distance From

Sampling Point Stack Wall (Inches)‘
1 0.5
2 1.8
3 5.3
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APPENDIX D
TEST EQUIPMENT & CALIBRATION DATA
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INTEGRATED UMBILICAL CORD

FIGURE 7
RAC Staksamp!r components & design festuics.

Hested Compartiment: PITOBE ASSEMBLY UNBILICAL CORD

|
‘ Fr’"imiofgw"? Set Point: = 5°F. Combines hested probe & detachable  Contains pitot & sample lines plug
hermal Gradient: 4*F pitot tube; 3', 5 8 10" eflactive lengths;  power cable, all with Quick discon-

{top to botiom) stsiniess steel consiruction; bell-joint aecis. also comaine lesds for 2-

Giass Sampling Train: 8§ quick-gisconnect sttachments; 3’85’ way intercom; supplied in modular

Teyclone 1 Hask, * titer-hoide:. & units with Pyrex glass or staintess stee!  25°. 50°. 75 100", 200" R 30

imonger-bubbler units® (500 mi), 3 liners, 10 with sia:ntess stee! liner only.  lengths that weigh 10 i

= ey . Vot . won.

bt:'l]g?n?r;z‘::zéi't|LP:D;;-' 'l(:mTel.t: Somphng Nozxies: % %AV "0 secto

Sovi sia-niess steel units supplied with ELECTRICAL

and 282 outiets). 12 mets! pitobe, other optional sizes and

tiamps. materals are miuuel System pparates on 115 v, 80 M2,

Pigs Bath pAR sempiing trgir are Serigner 1 8- ' . 136 amps !10!.1) in .'.,.d' ﬂlhhiﬂg;

SOImmsBals § Mhpings:-ubbie: wril sliconnections are 3-wire grounding
type. Optional 220 v, 50 Hr system
available




e — ey — - — -

conta:n waier or surtatile chemice: Te-
sgentsi Al this slage the water vapot
is remcved by a combination of ton-
Oenspiion BNG 8 tolumn of gilics gel.
and ertramned gases may be coliected
by reaciive chem:cals contained in the
impinger - bubbier units The cieaned,
gry aif then is passed through the um.
bilice! €OT0 10 the meter contro! case,
where it is recorgeg by the dry gas
meter and discharged.

Air stream velocity and volume sre
regulated by, snd dispiayed on, instru-
mentat:0n in the conirol console. Air
stream lemperalure measurements also
are made and displayed in this console.
All dets displays are cumulative or real
time measurements,

The numbetr o samples that can be
taken at one location, in & singie day,
usually is limited only by the number of
modular subsysiems available on-site.
A full series of samples can be taken
by using ditterent, interchangeable im-
pinger modules and pitobes. Each
impinger module can be preassembled
with the sample-collecting train of
proper configuration for the specific ef-
fluent 1o be sampied. The only changes
to be made are the disconnegtion-
connection of the impinger modules
and pitobes. The same heated compart-
ment, meier control case, and umbilical
¢~ be used for all sampiing series.

The nomograph is used during sem-
pling cperstions to correlate manom-
eter readings from the probe with
manometer readings from the pitot
tube: These calculations reveal when
and i agjustments in sampling rate are
necessery 1o maintain Isokinetic sam-
pling conditions.

o gpecifications

METER CONTROL CASE

STANDARD

Contains vacuum pump, inclined-vertical
manometer, dry ges meter, thermome-
ters, contrpls and selector switches;
steel w/baked snamel tinish, 15” W x
24" H x 13%” D; weight 87 Ibs.

Pump: % hp, 1725 pm. 5.4 amps. 4 cim
tree flow, fused (for overioad protection).
Manometer: Dual column, encased de-
sign; 0-1.0" water (0.01" MD) inclined
schle; 1.1-10 water (0.1 WMD) verticat
scale, 1% full scale aCCuraly.

Dry Gas Meter: 0-8988 cu h (digite!
readout)

LCD

Contains liquid crysta! display (LCD) tem-
perature ingicator, inclingt-verical man-
pmate!, dry gas meter, Type K Chromet-
Alumei thermocoupies. circwit breaker
selector pwilches snc operating Con-
trols steetw ‘Datedenpme himis™ 207
War»Y? =210 D weigh! 45 'vs

wviewports 10! Oy pas
meler thermomeies

totalizing
ory gas meter

vatuum
gage

quick-discon
couplings

Digital Tempersture Indicstor.

Liguid crystal tispiay for Type K Chromet
Alume! thermocouple RSNEOTS; equipped
with thermosiaticaily controlled haater;
10 position ssiecCior switch; fisid-select-
able temperaiure scales of —-1H%" to
+1899°F or —128° to +1083'C. open
thermocoupie indicathion anC automanc
reterence compensation, £0.25% tull
scale sccuracy.

Ms nomater: Dus column, ancased de-
oign, 0-1.0" weter (001" MD} incined
acale, 118" water D.1° MD) vertical
scale; 2% ful! acale aCCUnBCYy

Ory Ges Meter 0- 995.9 cu 1 {Oital
resdcu

Pump. Motor Assembly: Extecna' rota:

probe haater control

‘METER CONTROL CASE

leveling

fy vane vaCuum pump witotally-enclos
fan cooled molor, % hp, 1725 rpm ¢
amps. 4 cim free fiow, w/thermal ov.
foad protection; weight 32 ibs.

MODULAR SAMPLE CASE

Supports pliobe. containg at-giase sa
pling tran, aluminum -Cons'ruClLiOn
baked ensmei finish Has two separs
companments One is insuldtec anc ne
o0, has » Circuiating fan for even ne
gigtribution and conipins panicie-¢
mcting cyclone. fiask and filter. the ot
s » detachable ice bath containing tr
4 1o & impinger-bubbiet unity Ove-
size 1By Lx20% Hx8% [ we
app’s» 32 1bs mCiugng Qlassware
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Digital Tempersture Display

Staksampir LCD w8 complete sinck
samphng syste™ which provides accu
rate 0igie’ tenperature repgouts 100 6
gitferen points in the system Thermo
couples reblace gis! thermometers and
are usel 1D ODIAINtemperature readings
(1)inthestach (21atthe probe hner (310
Aample Case heated companment, (4) al
outiet of Isst impinger, (%) a1 dry gas
meter inlet, angd (6) a1 Ory Qas meter
outiet The meter control.case is equiD-
ped with 8 hquid crysiat display (LCD)
temperature indicalor ang external pump
and s compatible with all existing RAC
Staksamplrs,

Large Filter Holders

Whena highvofume of panticulate matter
is encountered. interchangeable 3° (80
mm, P/N 201012) and 4" {Y10mm P/N
201013) glass units can be subst.iuted
for 2.5 (B4mm, P/N 897065) particle
filter in sample case heated compan-
ment All sizes of RAC filter hoiders are
equipped with a fritied glass disc to
suppor the filter media.

Water-Jacketad Pitobes

These jacheted units use circulating water
tc withstand stack temps over BOO'F,
aveilable in 3, 5°' & 10" effective lengths.

Stainiass Srew!
impingers-Bubblers

Fot apDicanons m which traphage of
pisssware 13 & common problem, RAC
otters ophionat sisniess steel impingers
(P/N 201 083) & bubbler units (P/N 201092)
with. ball- ;o connechons. These un-
breakable a'-meta! ynits are interchange-
able with the sid glassware.

Sectionslized Pitol Tube

Three modulat sections provide an §-
type pitot with eftective lengths of 10°8
.13

Digitat Pocket Pyrometer

Pocket-sized. battery powered thermo-
couple pyrometer proviges stable, accur-
ate temperature readings. Type K ther-
mocoudie (supplied separately) attaches
to pitobe and provides temperatures over
arange of 50 10 V90CF (P/NBB2726} or
107 to 1100°C (P/N B892726-1).

Slide Ruls Nomograph

Performs presampling and guring-sam-
pling isokinetic calculations easily and
sccurately, handy standard, stide rule
body. very accurate and versatile, ho
BSSuMPONS are necessary, calculates
nozzie diameterand isokinetic sampling
rate (P/N 201014). optional slide rnule

RAC Sisksamplr Schematic of EPA Particuisin Sampling Trein (Method §)
Same basic configuration used 10 sample Bergiium & Mercury Vapor

(Facera! Register, VoI. 38, Nos 234 |

Hested
Thermometsr Area

NI

Reverse-type
Pyo: Tube

Fiiter
HHolger

, Hg! 8 247)

Impinger Train

Pitot /

Manomeier
Drifice
!

Configursiion ol S$ample Case for
smpling 30,. 8O, & W,80, MIST
{(Methot 8)

HedleC prep 15 by-Dassed parhculsle
tine’ pot:pnec Delwee™ 15! 8 2ng imi-
pngeTt 3 pre! CoMPpoNETS BATE B%
107 par-culate s2mphing
{Fade s Regisier Vo! I Nc 247)

{P/N 201127; avaable ¥ meter mons
ture content s Qredier than 2 .54 gnd/of
gry moleculat weQhl i ROL 26 2 1.

Specisl Probe Liners

in adgition 10 the standard Pyrex glass
and Type 304 giyiniess stee! liners fur-
nished s standard with RAC probes.
oplional tiners made ot Teflon, Type
316 stainiess steel. quarz, and inconel
aisc sre available pn special prder.
These liners are furnished in standard
lengths of ¥, 5 or 10’ (except for Pyrex
glass and quanz) end special lengths
can be supplied to order.

Flaxible Sampling Lines

For sampling operations in confined of
physically restricted areas, RAC offers
flexible. heated, sample-collecting lines
that allow the pitobe to be separated
from the sampie case by distances up t0
20’ with no loas in sampling efficiency.
Available in §', 10, 15' § 20" lengths,
these fiexible lines can be used for gas
sireams with tamps up to J00'F (max),
and have std baf-joint connections 8t
both ends. Averiable vollage device con
trols temp range in {the sample line and
prevents burm-out of integral heating wires.
Prtot extension kines may be reguired.

Stack Inleriace

This instrument adapts the Staksamplr
contro! console for use with the RAC
Stack Gas Train sample case, which
uses migdge! (30 ml} impingers for samp-
ling moisture (EPA Methou 4) and SO
(EPA Method 6} in stacks or ducts, has
fiowmeter 10 monitor the low flow ratcs
requited, drying tube & conneciions for
sampling pito! & electrical ines (P/N
937503)

Andersen In-Stack

Fractonsting Sampler

Pracision, mulli-gtage, stainless stes!
unit collects & sutomatically classities
particles into 8 sizes (ranging from
+20.0 mictons down 1o 0.36 microns dia)
according to their serodynamic charac-
terislics; isokinetic Wechniques can be
used for sampling in stacks with veioc-
ities trom 100 tc 12.000 fpm & tem.c 10
1500 F. adapts o sh RAC probes (P/N
201037}

Gas Stream Hygrometer

Uses matched (0—220°F) wel-buld and
gry-buld thermometers 1o messurs
percent of water vapor in Statk gas
streams with temps below 212°F. stain-
iess steel construction (P/N 887517)

Alundum Thimble Fitter (in-£1: "*}
Uses 45 x 127mm Aluhgum (. ..
son of parhcies ehiTained mgas Sirgams
whth tamps 10 1500°F, glass-tiber ang




AST, Inc.
Post Test Meter Calibration
Conscle #1

“H “em Vicm Vicm Vidgm V2dgm Tcm T1 T2
1.2 C.0 815.921 825.8633 744.423 1753.976 65 72 €3
83 66
1.2 0.0 825.633 833.831 753.976 762.065 65 78 66
86 67
1.2 0.0 833.831 840.933 762.065 769.108 65 79 67
87 68
Fb = 29.05

MCF = 1.025

MCF = 1.028

MCF = 1.025

[}

Average MCF 1.026

Calibrated by: %5(““—:’ Date: 4;/”'/?3
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THERMOCOUFLE /THERMOMETER CALIBRATIONS

ASTM Refercice

Device Reading {oF) Thermometer (oF)
¢ MerenZacer 32 /207 3'2’/ zif
#! Merecouner  38/207 3321
34 | Froge 331/2,12, . 33/ 2t/
$% ) faone 33/7-” 33/”’_..,_
Frure Box 4/ 2135 2/l

Tore, ouner 7/c 33 /2./2L 33/217
| 7

Trar OUT Tiyceromsna 30 33






