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Harbison-Walker Refractories
Division cof Dresser Industries, Inc.
2 Gateway Center

Pittsburgh, Pennsylvania 15222

Attention: Mr. R. R. Crawford
Gentlemen:

Enclosed are twenty {(20) copies of the Environmental
Triple S Company (ETS) report entitled "Particulate
Emissions Testing of the Rotary Kiln Coocler Stack at
Harbison-Walker Refractories, Fulton, Missouri." This
report includes a discussion of testing performed at
the Fulton Plant on Octocber 28, 29, 30, and December 2,
1975, as well as the sampling train and methods used
to determine the particulate emissions from the rotary
kiln cooler stack. '

The particulate testing included nine (9) runs. Results
for all runs are presented as a loading and an emission

rate. The units for these parameters are respectively,

grains per standard cubic foot and pounds per hour.

Should you have any questions or comments regarding
this report, I would be pleased to discuss them with you
at your convenience.

Very trulwy yours,

Cheate

Daniel L. Vornberg
Vice President

DLV/jr

cc: E. S. Westmoreland
A. J. Polcyn
J. B. Braden
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INTRODUCTION

On.September 23, 1975, Harbison-Walker Refractories -
requested Environmental Triple S Comapny (ETS) to guantify
the total particulate emissions from the rotary kiln cooler
stack located at the plant in Fulton, Missouri.

The process tested involves the rotary cooling
of f£ire clay that has been calcinated through a rotary
kiln which operates continuously. During the testing
period, two different clays were processed: Material A
being processed at a feed rate of 21.51 tons per hour;

PR, B ¥ i e | T™ LS ameam s o= T ad = Eamd ammdma s D7 A O
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tons per hour.

The particulate emissions from this process

were sampled in accordance with the current regulations

.and provisions established by the Missouri State Air

Conservation Commission. Sampling was performed on
October 29, 30, and December 2, 1975; it consisted

of three separate runs on Material A on October 29, three
separate runs on Material F on October 30, and three

separate runs on Material A on December 2.
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SAMPLING PROCEDURES AND ANALYTICAL METHODS

All stack emissions, laboratory analyses, and calcu-
lations to determine particulate emissions were conducted in
accordance with the American Society of Mechanical Engipeers
Fower Test Code 27 (PTC-27), dated 1957, and entitled "Deter-
mining Dust Concentrations in a Gas Stream." When considered
necessary by ETS personnel, additional work not covered by the
above code was performed as part of normal ETS policy to insure
that the required information was obtained. The sampling and
analytical techniques utilized in this program are described in
the sections of this report which follow. |

Velocitv ‘and Temperature Determinations

Velocity determinations were conducted using a
Stauscheibe (Type S) pitot tube connected to a differential
manometer as shown in Figure 1. Velocity traverse point loca-
tions were determined by ASME PTC-27 specifications using stack
dimensions measured in the field. Stack temperatures were ob-
tained using a thermocouple and a Thermo-Electric Digimite digital
potentiometer.

Particulate Sampling

The particulate sampling train, as well as the sam-
pling and analytical methods used, are approved and recommended
by the Federal Environmental Protection Agency as specified in

the Federal Register 40 CFR 60, 36 FR 24876, according to

Method 5. The train used is illustrated by Figure 2.
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TEST RESULTS

Sampling consisted of three separate runs on
Material F and six separate runs on Material A. During the
sampling periods on October 28 and 30, none of the tests
met the isckinetic acceptability. Therefore, three separate
runé were again conducted on Material A on December 2. All
of these samples were within isokinetic sampling ac-
ceptability.

The results from the December 2 tests have been
summérized in Table 1, including stack temperatures CFM,
adjusted standard CFM, percent moisture, grain loadings
and pounds per hour emission at standard conditiéns
(70°F, 29.92 inches Hg). Original data sheets from
all nine tests and computer printout sheets for these test
runs.are included in Appendix A. <Calibration data for

the sampling train is provided in Appendix B.




2INISTONH 3uU93uo0)

66°01 6b° L 0e°8 juadx3d 2INISTOH

23ed

anoH uorssTwd

ST 9% /spunod abexaay

INOH 23eyd

G1°0¢ 90" SS GZ €S /spunod uoTssTWH
, (stsed £xQ)

0gT’ 0 AR Y AV ARV Aos/suteld putpeol
ACALILCHLER At aa-sey’ST ZETSTV’'ST (AxQ)WAIS

00°L6€E°92 25 6v8°9¢C 9z°€29°'9¢C WAOY a3y MOTJ

9°6E€ 6°2SE 0°09€ do 51n3eIaduay

€ *ON und Z "ON umd 1 "ON und g3 Tun paainsean

saajouwexed

y TeTio3}en

gaNIWiaLad ANTYA

G161 ‘T Ioquedad
MOVLS uI1
s153l SNOISSIWE ALY

1 F14vlL

'gpTao3oe13al xoYy
00D NIIN X9YLOd
noIILYvd

Tem-uostgqieH 3e
SHL ¥0d
JO sI1INs3ayd




APPENDIX A

14




L?27¢€5

LCS 12712775 10.57«34. K145
USER NUMBER:
ZHZLEHS, PROJETS4T3

0.0t11 / 0.03e 7 12
FOR!
STACK

FOR!

READY =
Gl D
REA DY
RUN

1 0. 56, dO-
STACK

12/12/75.
PROGRAM

w{f: T@ LEE FO

+E. *'50°*" Ok

SELECT THE #METHAL you

ENTER QMLY THE NUMBERS
METHOL WP- 2 53

PLEASE ENTER THE FOLLOWING DATA

VOLUME OF CGAS SAMPLE

AVERAGE DRY GAS METER TEMPERATULKE

FARGMETRIC PRESSURE

AVERAGE PRESSURE DRAF ACK2:sS ORIFICE

TOTAL VOLIUME OF COLLECTED uLlwtib

TOTAL AMOULNT OF COLLECTEL PARTICLLAI

AVERAGE STACA WELOCITY

CROSS-SECTIONAL AREA OF STACK

AVERAGE TEMPERATURE 3F STACK

AVERAGE ABSOLUTE STACK PRESEURE

TAOTAL SAMPL ING TIME

CROSS-SECTIAONAL AREA OF VOZLLE

#e4 METHOL WP 33 #4#

FLOW RATE (STACK CONCITIONG)

-~
-

2% 57

FLOW RATE (STANDARD CRY CONLITION®)

MOISTURE CONTENT ¢ 74 FPERCENT

CONCENTRATION + 301126 GR/SCF

«U00043 LE/ECF
EMISSION RATE (STANDARD CONLI113Ns)

ISOKINETIC VARIATIUN I 51

75 /Pom/ /Wa/—/if’g

k E\ALlATlOd, Wk=5U DK WP-53
.53.
CL F1 = 7 4Z. 31
UEGREE: F = Taed
INCRE: MG = 7 .2Y.0¢
INCHES wWATER=s 2 0. 5Y
MILLICITER: = 7 5443
Ex GRAM = 7 Us0Zés
Fis8eC = 7 37.9
v F1 = 7 12. 967
LEGREES F = ? 375
INCHE: HG = 7 <935
MINUTES = ? eu
sJ F1 = ? {.0003¢1
7.36 CFM

17112.37 CF™

Lbd.dHBE23 LbL/Hk

LG YO WISH T2 MAKE ANOSTHEL wUN, Y

T~
[

Jy.

NG?
a2




FNTER DMLY THE NUMBER, L.E. *SU" Ok "53]

LA Lofes | a2, -]

FLEASE ENTER THE FOLLOvING LATA

VOL LIME OF GAS SAMPLE CL +1 = 35%. 10
AVERAGE DRY CAS METER TEMPERATURE CEGREES F = 2 7%
FAROMETRIC PRESSURE INCHES HG = ? 2Y.86
AVFRAGE PRESSUKE LROP ACKISY OkIFICE INCHE> wAlbkk= ? (.58
TOTAL VALUME OF COLLECTEL LIJuID MILLILITERS = 2 &3.5
TOTAL AMOUNT OF COLLECTEL PARTICLLATES GRAAS = 2 0. 226}
AVERAGE STACK VELOCITY F1/:8C = 7 3.y
CROSS~SECTIINAL AREA JF STACK VI = ? lde 557
AVERAGE TEMPERATURE OF STACK _ LECREES F = ? 375
AVERAGE ALSOLUTE STACK PRESSULKE INCHES HG = ? ¥9.935
TOTAL S4PLING TIME MEINLCTES = ? U
CROSS-SECTIINAL AKEA 2F N3Z4LE sw FT = ? U.00034}

#8484 METHOD WP -~ 53 ##4

Fl.Ow RATE (STACK CONCITIONS) = 28977.46 CFM

FLOW RATE (STANLCARD DRY CONDITIONE) 17146415 CF

MPISTURE CONTENT = 555 PERCENT

m~ »

v N _ P I Folk) [l =t
LN = s lOQOI1lO& O oL

—— o

S~
LovbL ey bimm g

Q00027 Lb/&CF

FMISSION RATE (STANDARD CONDITIONZ) 27.57¢410 LES/HE

ISAKINETIC VARIATION = 125

Lo YOU WISH T@ #AKE ANITHERK rlWNs,YE: Ok NO? ? YES
SELECT THE YMETHOD YOU WIEH 10 USE FOR EVALLATIONS, Wwr-50 ok wP=53
TITER 2NLY THE SUMbERs 1.Ee "50°' On *53°

. /
METHBD wP- 2 93 YT
FLEASE ENTER THE FOLLOWING DATA /0/4 VZ;- P&m '._?/ Y /4

VOLUME OF GAS SAMPLE S CL R = 3e. 35
AVERAGE LRY GAS METER TEMFERATUKE UEGREES F = Ta.3
BAROMETRIC PRESSURE INCHES HG = 2 29.66
AVERAGE PRESSURE DR2P ACRISS OnIFICE INCHES ATER= 2 0. 99
TOTAL VILIME OF COILLECIED Llulib MILLILLIERS = 2 3¢.3
TOTAL AMIUNT OF COLLECTED PARTICWATES GRAM = = ? U. blos
AVERAGE STACK VELICITY F17SEC = 2 37.Y
CRISS-SECTIINAL AREA 3F STACK s FT = 7 2. S5&T
AVERAGE TEMPERATURE OF $T1ACK DECREES F = ? 375
AVERAGE ALSILUTE STACK PRESSUKE INCHES rl = 7 29.935
TOTAL SAMPLING TIME MINLIES = 7 ey
CROSS-SECTIINAL AKEA OF NUZZLE su FI = Ue GUG 321

ard METHOD WP - 93 #é4

FLOW RATE (STACK CaOvbLITIONSY = 28577.3¢ CEM
FLOWw RATE (STANLARLD Dy CIVLITIING)Y = 1} 7333.17 CFn

MOLISTURE CONTENT = Ze 02 FERCENT




EM1SS109y RATF (STANDARD CIVDITIANG) = 26, 627631 LbS/HK

IESKINETIC vARIATIIN = 125

NI YOI WISH T3 AALKE ANITHER KUNs YES 91 N32 7 YES
SFLECT THFE METHAD YJU WISH T3 LSE FOr EVALLATIINS WrP=50 Jk WF=53
FNTFR 3NLY THE NUMDEK, 1.F. 'S0 3k *53°

METHOD wP- ? 53 ; -
FLEASE ENTEK THE FILLBWING [ATA /0/7"9/7'_5' /§M’ﬂz_ /J /VJL,C

VILUMFE JF GAS SAMPLE Ct F1 = J€.0
AVERAGE URY CAS METER TEMPERATLKE VEGRKEE: F = 7 7T4.3
BARIMETRIC PRESSURE INCHE: RG = 2 G2e10U
AVERAGE PRESSURE URIP ACKZSS ORIFICE INCHES WATER= ? Js b
TITAL VILIME CF COLLECTEL LI2ULID i MAILLILIiERS = 7 39.4
TITAL AMOIUNT JF CIOLLECTEL PARTICLLATE: GRAA S = 7 U.loet
AVERAGE STACK VELOCILITY FT7:EC = ? 37.Y
CRASS~-SECTLINAL ARFA OF STACK su F1 = ? l12.567
AVERAGE TEMPERATURE JF STACK DEGREE: F = ? 37%
ALVERACGE ALSILUTE STACK PRELSUKE INCHES KOG = ? 32.17%
TITAL SAMPLING TIME MINLTES = 7 €0 '
CROSS-SECTIINAL AREA OF NJIZLZLE Su BT = 2?2 G.0003¢1

247 METHAD WP - 53 #4#4

FLIk RATE (STACA CIANDITIONS) =  28577.3& CFo

FLO%w RATE (STANLARD DRY CIONDITIANE) = 18€13.70 CFM
MITSTURE CINTENT = 4. 61 FERCENT

CONCENTRATION = - 074352 GR/ESCF

- 000011 LE/SCF

ileBbY 20U LES/HR

EMESSLIgN RATE (STANDARD CONDITIONGD

IS3AINETIC VARIATION = 127

L3 YOU WISH TJ MALE ANJITHEK KLNSYES In N3? ? YES
SELECT THE METHOD YOU vISH 19 USE F3k EVALLATION, W=-50 JK wk-53
ENTEZR ONLY THE NUMBEKR, leEe *"S0* Ok *53!

METHOD wP- ? 53 47 - -y
PLEASE ENTER THE F3LLOWING DATA /0/30/75' tn 2/ Mﬁé/

VILIME 3F GAS SAMPLE CL F1 = 361
AVERAGE DRY GAS METER TEMPEKRATLKE RDEGREE: F = T4 7
BARODMETRIC PRESSURE INCHES HG = ? 32.10
AVERAGE PRESSURE DRIP ACRI S OKLIFICE INCHE: WATEhR= 2 .59y
TOTAL VOLUWME BOF COLLECTED LlwLlu MEILLILITERS = 2 47.0
TOTAL AMAUNT @F CIALLECTED FARTICLLATES CRAM = ? Ue2437
AVERACGE STACK VEL3CITY : FT/SEC. = ? 37.9Y
CROSS5-SECTIONAL AREA OF S71ACK T osw P = ? 12.5967
AVERAGE TEMPERATURE JF STACK DEGKEES F = ? 375..
AVERAGE ABSOLUTE STACK PRESSUKE INCHEY: HC = ? 32.17%
TOTAL SAMPL ING TIME MINUTES = ? &0
CROSS-SECTIONAL AREA 3F NJZZLE 5d F7T = 2?2 0.000341

##¥% METHIC WP - 93 #ew




#40 METHOD WP ~. 53 #a#

FL@W RATE (STACK CONDITIONS) = 26623.26 CMM

[}

FLew RATE (STANDARD DRY C@BNDITIONS) 15415.32 CFM

MBISTURE CONTENT = 8430 PERCENT
CONCENTRATION = « 402066 GR/SCF

+000058 LB/SCF

EMISSION RATE (STANDARD CONDITIONZ) 53.246.319 LBS/HR

ISOKINETIC VARIATION = 94

SELECT THE METHOD YBU WISH T@ USE FOK EVALUATION, WP-50 @R WP-53

L]

£ 3
VILUME OF GAS SAMPLE CU FT = ? 26-2/‘7;;7‘-—
AVERAGE DRY GAS METER TEMPERATURE DEGREES F = ? 355.6
BARJMETRIC PRESSURE INCHES HG = ? 24.60
AVERAGE PRESSURE DROP ACRASS ORIFIGE INCHES WATER= ? 0.24
TOTAL VOLUME OF COLLECTED LIGQUID MILLILITERS = ? 42.3
TBTAL AMOINT 3F COLLECTED PARTICULLATES GRAMS = 7 Q.86726
. AVERAGE STACK VEL@CITY FT/SEC = ? 356
CROSS~SECTIONAL AREA @F STACK S@ FT = ? 1257
AVERAGE TEMPERATURE OF STACK DEGREES F = ? 352.9
AVERACGE ABSOLUTE STACK PRESSURE INCHES HG = ? 28. 62
T3 TAl. SAMPLING TIME _ MINUTES = ? &0
CROSS~-SECTIONAL AREA 3F NOZZLE ' . So FT = ? 0.000341

##4 METHID WP - S3 ###

FLOW RATE (STACK CONDITIONS) = 26849.52 CMM

FLOW RATE C(STANDARD DRY CONDITIONS) = 15495.88 CFM
M2ISTURE CANTENT = 7« 49 PERCENT

CQNCENTRATISN = .41361.5 GR/SCF

.'000059 LB/SCF
EMISSION RATE (STANDARD C3ANDITIONS) = 55.061895 LBS/HR

ISAKINETIC VARIATION = 102

ENTER ONLY THE NUMBER» 1.E. *50° R *53° —
METHOD WP=- ? 53 S o /Q
PLEASE ENTER THE FOLLOWING DATA { " 1/75 s oL
/ .

D3 YJU WISH T@ MAKE ANJTHER RUN,YES OR NO? ? YES
SELECT THE METHOD YOU VWISH T3 USE F@R EVALUATION, WP-50 OR WP-53
ENTER BNLY THE NUMBER, I.E. *SQ' gR *'53°

METHOD WP- 2 53 ) ,,1/, < i
PLEASE ENTER THE FILLOGING DATA /2-/;7/,/75 et /‘-j/

_12 7
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TEST _002C

Crucible
#1 Before
' AftET
Df fference
Petri Dish
#1 Before
+ Filter
Total
After
Difference
TOTAL

67.2568 grams
Ay
67.2682 - Wask
.0114

‘-

o gt

38.7609 © ',
6718 ~
A4 Ny

39.4327 - Rt

39.5030 - " "

.0703

.0817

(7




BLANK (WATER)

Crucible ~
#9 Before
After
Difference

200 m1 volume

71.6299
71.6335
.0036
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—  —LXQSS-SECTIONAL AREA OF NOZILE Sa FT

L R R T T I T

CONCENTRATION = -096835 GR/SCF
« 000014 LB/SCF
EMISSION RATE (STANDARD CONDITIONS) = 15350554 LBE/HR

ISSKINETIC VARIATION = 128

D0 Y3U WISH TO MAKE ANGTHER RWN,YES @k NO? 7 YES
SELECT THE METH@D YOU WISH T0 USE FOK EVALUATION, wP-50 OR WP-33

ENTER ONLY THE NUMBERs, I«Es *S50' @Kk *"53° //@7 /Z:*
METHJID WP- ? 47
{ETHD 53 /ﬂ/é/&g‘ ﬁéﬁ,‘ 3,

PLEASE ENTER THE FOLLAWING DATA

WLIME JF GAS SAMPLE Cu FT = ? 35.2
AVERAGE DRY CGAS METER TEMPEKRATLRE DEGREES F = ? 75.0
BARZHMETRIC PRESSURE INCHES HG = ? 32.10
AVERAGE PRESSURE DREP ACROSS 3RIFICE INCHES WATER= ? 0.59
TITAL VILUWME OF CBLLECTED L1IQUIDE MILLILITERS = ? 65.1
TITal AMQUNT OF COLLECTED PARTICLLATES GRAM S = ? 0.2330
AVERAGE STACK VELACITY FT/SEC = ? 379
CR2SS-SECTIONAL AREA OF QTACK 5@ F1 = ? 12.567
AVEXAGE TEMPERATURE OF STACK DEGREES: F = ? 375 '
AVERAGE ABSOLUTE STACK PRESSURE INCHES HG = ? 32.1795
T TAL SAMPLING TIME MINUTES = 7?7 60
CRZS8-SECTIONAL AREA OF NGZZLE SuU FT = ? 0.0C00C4

449 METHOD WP = 53 #&+#

FLOW RATE (STACK CONDITIONE) = 28577.36 CrM

FL>w RATE (STANDARD DRY CONUDITIBNS) = 18040.08 CFM
MOISTURE CONTENT = 7-.355 PERCENT

CINCENTRATION = « 094950 GR/SCF

.000014 LB/SCF

1]

EMI1SSIAN RATE <(STANDARD CONDITIONE) 144715447 LBS/HR

ISSKINETIC VARIATION = 128

00 YOU WISH TO MAKE AN@THER RULN,YES Ok NO? ? YES
SELECT THE METHOD YOU WISH T@ USE FOk EVALLATIANs WP=-30 Ok WP-33
ENTER JONLY THE NUMBERs 1.E. *50*' 9k *53°

METHID WP- ? 53 ,P / %H
PLEASE ENTER THE FOLLOWING DATA /5/75 wn [

VOLUME OF GAS SAMPLE Cu FT = 27 31.2
AVERAGE DRY GAS METER TEMPERATURE DEGREES F = ? sl.2
BARIMETRIC PRESSURE INCHES HG = ? 29.20
AVERAGE PRESSURE DROP ACROSS ORIFICE INCHES WATER= ? (.43
TETAL VGLUME OF COLLECTED LIQUIL MILLILITERS = ? 58.2
TCTAL AMOUNT @F COLLECTED PARTICULATES: GRAM S = 7 0.7953
AVERAGE STACK VELOCITY FT/7SEC = ? 35.3
CRISS-SECTIONAL AREA OF STACK S FT = 2?2 12.57
AVERAGE TEMPERATURE @F STACK CEGREES F = ? 360.0
AVERAGE AESOLUTE STACTK PRESSURE INCHES: HG = ? 29.22
TCTAL SAMPLING TIME MINUTES &0

non
~J

? 0.0004475 7
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e .~

WLME 3F GAS SAMPLE Cu FT = ? 2646

! AVERAGE DRY GAS METER TEMFERATLKE LEGREES F = 53.2

- EARZMETRIC PRESSURE INCHES HG = 7 28.50
AVERAGE PRESSURE DRIP ACRISS OwIFICE INCHES WATER= ? U.24
TOTAL VILUME JF. CAOLLECTED LI9VID MILLILLITERS = ? 66.0
TITAL AMOUNT 3F COLLECTED PAKTICLLATES GRAv = = ? Q. 38b6
AVERAGE STACKX VELACITY FT/5EC = ? 35.0
CROSS~SECTIINAL AREA OF STACK SdFT = ? 12.57
AVERAGE TFMPERATURE 3F STACUK DEGREES F = 2 339.6
AVERAGE ABSJLUTE STACK PRESSURE INCHES HG = 2 2d8.5c
TOTAL SAMPLING TIME MINUTES = ? 60

) CROSS-SECTINAL AREA 9 F WIZLLE s9 F1 = ? 0.000541

#id METHID WP - 53 ###

FLGW RATE (STACK CuWDITIONS)Y = 26397.00 CkM

FLOW RATE (STANDARD DRY C3NDITIONS) 14850;71 Cru
MOISTURE CZNTENT = 10.99 PERCENT
CONCENTRATION = « 236323 GR/SCF

. 000034 LBEB/SCF

. EB4ISSIaN RATE (STANDARD CINMDITIONEY = 20.180201 LES/HE
ISOK INETIC VARIATION = 108
(3 YOU WISH T3 MAKE ANODTHEK RUN» YES O N§? 2 N3
END. -
1.250 / 2,951 7/ 16
BYE
CT=00:07

LOG OFF. 1 6o 23435,

13
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Calculations

AH@

_ V,Pp (ta + 459.7)

AH
Va (Pp + 73,6 ) (t, + 459.6)

0.0317 AH (t,,

+ 459.7) 8

P, (tg + 459.7)
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(5.12) (30.33) (72.5 + 458.7)

5.24 (30.33 + 0.3 ) (68.5 + 459.7) = 0.98
13.6
2
0.0317 (0.3) (68.5 + 459.7) (10)
= - = 0.63
aue (30.33) (72.5 + 459.7) 5.12
2) )
(5.56) (30.33) (77.5 + 459.7)
Y =
(5.62) (30.33 + 0.4) (68.5 459.7) = 1.01
13.6 '
— 2
0.0317 (0.4) (528.2) (10)
AHG = . = 0.70
(30.33) (537.2) 5.56
3)
6.26 (30.33) (61 + 439.7)
Y = .
5.41 (30.33 + 0.5 ) (68.5 + 459.7) = 1.14
3.6
2
0.0317 (0.5) (528.2) (10)
AH@ = ' = 0.71
(30.33) (520.7) 6.26
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AH@

(30.33)

5.98

(70 + 4£59.7)

2.14 (30.33 + 0.7 ) (528.2)

i3.6
0.0317 (0.7) g (528.2) (10) |

|

(3¢.33) (529.7) |__ 6.98
7.43 {30.33) (76.5 + 459.7)
7.55 (30.33 + 0.8 ) (528.2)

1376
0.0317 (0.8) . (528.2 (19) |
10,33 (536.2) ? 7.43 }
§.22 (30.33) (66 + 439.7)
8.41 (30.33 + 1.0 )} (528.2)

. 13.6
0.6317 (1.0) 528.2 (10)
30.33 (525.7) g8.41
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