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Source category: Portland Cement Dato: 01/15/93

Plant neme : Lone Star Industries Location:  Greencastie, IN
Testdate 5/8 - 6/22/77 . Ref, No.: .13
" Process : wet Basis for process rafe fead/production
Ratio: 1.6446281
Emission | Process Volumetric
Type of Run| rate, rate, |Emission factor flow rate, |Concen.
Source control Pollutant | No.| Ib/hr toiw | kaMg | Ibfton DSCFM | ppm
rotary kiln ESP BASED ON DRY SOLIDS FEED RATE; INSUFFLATION RATE NOT SPECIFIED
filt. PM 1 4.93 135 0.0183 0.0365
filt. PM 3 30.18 135 0.112 0.224
filt. PM 5 0.77 135 | 0.00285 | 0.00570
averagoe 0.0443 0.0886 Rating: B
con. inorg. PM 1 16.12 136 0.0597 0.119
con. inorg. PM 3 26.06 135 0.0965 0.193
con. inerg, PM 5 8.05 135 0.0298 0.0596
average | 0.0620 0.124 | Rating: B
BASED ON DRY SOLIDS FEED RATE; INSUFFLATION RATE NOT SPECIFIED;
FOLLOWING ESP UPGRADE
filk. PM 21 28.58 138 0.104 0.207
filt. PM 23 14.75 138 0.0534 0.107
filt. PM 25 | 13.9 138 0.0504 0.101

average 0.0691 0.138 |Rating: B
con. inorg. PM | 21 13.66 138 0.0495 0.0950
con. inorg. PM | 23 16.23 138 0.0588 0.118
con. inorg. PM | 25 28 138 0.101 0.203

00699 | ~0.40 [Rating: B

average
none BASED ON DRY SOLIDS FEED RATE; 6 TONS/HR INSUFFLATION

filt. PM 9 9782 125 391 78.3
filt. PM 11 9938 125 39.8 79.5
filt, PM 13 10283 125 41.1 82.3
average 40.0 80.0 | Rating: B
con.inorg. PM | 9 18 125] 0.0720 0.144
con. inorg. PM_| 11 82 125 0.328 0.656
con. inorg. PM | 13 57 125 0.228 0.456
average 0.209 0.419 | Rating: B
ESP BASED ON DRY SOLIDS FEED RATE; 6 TONS/HR INSUFFLATION
filt, PM 10 4.4 125 0.0176 0.0352
filt. PM 12 13.2 125 0.0528 0.106
filt. PM 14 33.1 126 0.132 0.265
average 0.0676 0.135 | Rating; B
con. inorg. PM | 10 9.6 125 0.0384 0.077
¢on, ino_rg._PM 12 14.8 125 0.0592 0.118
con. inorg. PM | 14 28.9 126 0.116 0.231
average | 0.0711 0.142 | Rating; B
none BASED ON DRY SOLIDS FEED RATE; 12 TONS/HR INSUFFLATION
filt. PM 15 10058 125 40.2 80.5
filt. PM 17 8372 125 37.5 75.0
filt. PM 19 11183 125 44.7 89.5
averape 40.8 81.6 |Rating: B
eon. inorg. PM | 15 142 125 0.568 1,14
con. inorg. PM_| 17 607 125 243 4.86
con.inorg. PM | 19 256 125 1.02 2.05
& 1.34 2.68 | Rating: B
ESP BASED ON DRY SOLIDS FEED RATE; 12 TONS/HR INSUFFLATION
fit. PM 16 1.94 125 | 0.00776 0.0155
filt, PM 18 26.3 1256 0.105 0.210
filt. PM 20 35.3 126 0.141 0.282

average 0.0847 0.169 Raﬁng: B
con. lngrg_ PM | 16 12.06 126 0.0482 0.0965
con. inorg. PM_| 18 15.7 126 0.0628 0.126
con, inorg. PM | 20 14.7 125 0.0588 0.118

average 0.0566 0.113 |Rating: B




n

- Emisslon | Process Volumetric
Type of Run| rate, rats, |Emission factor flow rate, |Concen.
Source control Pollutant | No.| Io/hr | tonir | kgMg | Ibon | DSCFM
rotary kiln ESP BASED ON CLINKER PRODUCTION RATE; INSUFFLATION RATE NOT SPECIFIED
filt. PM 1 4.93 81 0.0304 0.0609
fit. PM 3 30.18 79 0.1910 0.3820
filt. PM 5 0.77 79{ 000487 | 0.00975
average 0.0754 0.151 |Rating B
con. inorg. PM 1 16.12 81 0.0995 0.199
con. inorg. PM 3 26.06 79 0.165 0.330
con. Inorg. PM 5 8.05 79 0.0509 0.102
average 0,105 0210 |Rating: B
BASED ON CLINKER PRODUCTION RATE; INSUFFLATION RATE NOT SPECIFIED;
AFTER ESP UPGRADE
fit. PM 21 28.58 88 0.162 0.325
filt. PM 23 14.75 87 0.0848 0.170
filt. PM 25 139 88 0.0750 0.158
average 0.109 0.217 | Rating: B8
con. inorg. PM | 21 13.66 88| 0.0776 0.155
con. inorg. PM_| 23 16.23 87| 00933 0.187
con. inorg. PM | 25 28 83 0.159 0.318
average 0.110 0.220 | Rating: B
none BASED ON CLINKER PRODUCTION RATE; 6 TONS/HR INSUFFLATION
filt, PM 9 9782 74 66.1 132.2
filt, PM 11 9938 75 66.3 132.5
fitt. PM 13 10283 76 67.7 135.3
average 66.7 133.3 | Rating: B
con.inorg. PM | 9 18 74 0.122 0.243
con. inorg. PM | 11 82 75 0.547 1.093
con, inorg. PM | 13 57 76 0.375 0.750
average 0.348 0.696 | Rating: B
ESP BASED ON CLINKER PRODUCTION RATE; & TONS/HR INSUFFLATION
filt, PM 10 4.4 74 0.0287 0.0585
fitt. PM 12 13.2 75 0.0880 0.176
filt. PM 14 33.1 76 0.218 0.436
average 0.112 0.224 | Rating: B
con. inorg. PM_| 10 9.6 74 0.0649 0.130
con. inorg. PM | 12 14.8 75| 0.0987 0.197
con. 'M. PM | 14 28.9 76 0.190 0.380
average 0.118 0.236 | Rating: B
none BASED ON CLINKER PRODUCTION RATE; 12 TONS/HR INSUFFLATION
filt. PM 15 10058 76 66.2 132.3
fil. PM 17 9372 75 62.5 125.0
filt. PM 19 11183 77 72.6 145.2
average 67.1 134.2 |Rating: B
con. inorg. PM | 15 142 76 0.934 1.87
con. inorg. PM_| 17 607 75 4.05 8.09
con, inorg. PM | 19 256 77 1.66 3.32
averege 2.21 4.43 |Rating: B
EsP BASED ON CLINKER PRODUCTION RATE; 12 TONS/HR INSUFFLATION
filt. PM 16 1.94 76 0.0128 0.0255
filt, PM 18 26.3 75 0.175 0.351
filt. PM 20 35.3 77 0.229 0.458
average 0.139 0.278 |Rating: B
con. inorg. PM | 16 12.06 76 0.0793 0.159
con. inorg. PM_| 18 15.7 75 0.105 0.209
con. inorg. PM_ | 20 14.7 77 0.0955 0.191
average | 0.0932 | 0186 [Rsting: B




Emission | Process Volumetric
Type of Run| rate, rate, |Emission factor flow rate, |Concen.
Source control Poliutant No. Ib/hr ton/hr kg/Mg l Ibfton DSCFM
rotary kiln BASED ON DRY SOLIDS FEED RATE; INSUFFLATION RATE NOT SPECIFIED.

SOx 2 384.2 135 1.42 2.85
SO0x 4 89.27 135 0.331 0.661
SOx 6 84.13 135 0.312 0.623

average 0.688 1.38 | Rating: B
SOx 22| 1083.27 138 3.92 7.85
S0x 24 925.95 138 3.35 6.71
SOx 26 | 125997 138 4.57 9.13

average 3.95 7.90 |Rating: B

rotary kiln BASED ON CLINKER PRODUCTION RATE; INSUFFLATION RATE NOT SPECIFIED.
S0x 2 384.2 81 2.37 4.74
S0x 4 89.27 79 0.565 1.13
S0x 6 84.13 79 0.532 1.06

average 1.16 2.31 | Rating: B
SOx 22 1083.27 88 6.15 12.3
SOx 24 925.95 87 5.32 10.6
SOx 26 1259.97 88 716 14.3

average 6.21 12.4 |Rating: B
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Interoffice Memo

"Qf? LONE STAR INDUSTRIES, IRNC.

P. O. Box 2148, Houston, Texos 77001

Originating Office: Central Research Laboratory

Date:
e July 1, 1977

PERSONAL § BUSINESS CONFIDENTIAL

TO: D. C. Coppinger
FROM: W, W. Hurst
SUBJECT: Stack Particulate Emissions at Greencastle Plant

cC: . S. §. Fritts
C. D. Fehnel
C. W. Moore

l Stack emissions and precipitator input gases were tested
on selected days between May 8 and June 22. Survey included 12 runs
on stack and 6 on precipitator input for particulates. Testing was
l conducted in accordance with EPA Methods 1-5 for stationary sources
as given in Fed. Register, Vol. 35, No. 247 dated December 23, 1971
and amended June 8, 1976.

Objectives were:
(1) Determine normal level of stack particulate emissions,
(2) Determine normal precipitator separating efficiency.

(3) Estimate the effect of increasing kiln dust insuffla-
tion rate on dust losses from stack.

(4) Evaluate influence of upgrading south section of

precipitator on stack emission levels. ‘
;e on & 0.3 [ Tow Fecd fofias

Results showed: y we S ! ke

(1) Normal stack particulate emissionsﬁgpprox. 90% capacity
averaged 28.7 lbs/hr; whereas, the allowable per Indiana
rule is 223 1lbs/hr. at the production level during test.
(See Table I and IV)

(2) During normal insufflation, the average for 3 runs of
testing simultaneously, the stack and precipitator
input duct, showed the precipitator efficiency at 99.6
(See Table II).

(3) Under conditions of curtailed production @ approx. 80%
capacity, doubling the insufflation rate from 6 to 12
T/Hr had little to no effect on the dust loauing to the
precipitator or the rate of particulate emissions from
the stack. The precipitator efficiency remained at 99.6%
(See Table II}.




Mr. D. C. Coppinger -2 - July 1, 1977

(4) Upgrading precipitator south section undoubtedly improved
dust abatement but the effect was offset by heavier loads
resulting from increasing kiln operation to near full
capacity. Actually, the results showed a slight increase

in emissions from 28.7 lbs/hr. to 38.4 lbs/hr. (See
Table 1)

Respectfully submitted,

(o (. LL«S’_H

W. W. Hurst, P.E.
YWH/ po

Encl.
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Table I shows the Particulate Emission rate from the stack for every Tun, (p.1)
Table Il indicates the precipitator performance during testing period, (p.2)

Table III shows the fuel rate, consumption and production rate during
testing period, (p.3).

Table IV calculates the allowable limit for particulate emissions, accord-
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Table X indicates average chemical characteristics of raw mix feed,

I product clinker and waste dust, (p.11).

Table XI shows meterological conditions during testing period, (p.12).

Material Balance Sample Calculation for Runs 1 - 5 is presented after
Table XI. The results for all three parts (Runs 1 - 5, Runs 7 - 20,
and Runs 21 - 25)were calculated by Computer Program and presented
following the Sample Calculation. (pp.13-28).

Appendix:
' * % Isokinetic Sample Calculation for Stack Run No. 1.(p.30).

»

Schematic Diagrams for Material Balances, (p.34).

»

Sample Traverse Plans, (p.37).

L]

Pittsburgh Testing Laboratory Coal Analysis, (p.39).
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TADLE | -
GREENCASTLE STACK MISSTONS SURVEY
PARTICULATE EMISSION RATE

1977 )

- B
Exhaust Gng Particulate Cmission Pate

'S

[
o

Run No. Date (1977) Temy, Volusa Grains/ Lbs/SCF Los/ Ten!
°E. ACF SCI Dry Dry Hr, Day
- - = x10-9 b TR
Normal Operation:
1 5-8 332 239,200 .020 2.87 21.05 0.25
3 5-9 331 249,100 .058 8.29 56,24 0.68
5 5-10 334 240,700 .009 1.3 8.82 0.11
Ave, 243,000 28.70 0.35
Operation Following Precipitator Upgrading:
21 6 - 20 310 232,900 .043 6.16 42.24 0.51
23 6 - 21 316 239,900 .032 4.65 30.98 0.37
25 6 - 22 307 236,700 .042 6.00 41,90 0.50
Ave. 236,500 38.37  0.46




TABLE 1I

GREENCASTLE EMISSTON SURVEY

PRECIPITATCR PERFORMANCE

Exhaust Gas

Insufflation Precip. Precip.
Rate Input Cutput
Run No. T/Hr ACFM ACFM
ﬁormal Insufflation Rate: ~
PAVEAL R
9, 10 6 238,300 216,800
[ -
12, 12 6 234,300 222,200
13, 14 6 228,800 © 219,900
Ave, _ B
s jiT~ = QL0 rE
Elevated Insufflation Rate: - ‘ -
15, 16 12 231,800 214,900
17, 18 12 224,100 215,100
19, 20 12 228,100 216,400
Ave, e neD

P
Dust Load
Precip. Precip. Precip.
* Input Output Efficiency
T/Hr T/Hr yA
A
&
VA
4.90 .007 99,8
5.01 .014 99,7
5.17 .031 99.4
"5.03 017 39 99.6
5,10 007 ¥ 99,8
4.99 021 L2 99.6
5.72 .025  $70  99.5
-1 ’?:{’)-?"'\C. -r
5,27 018 JE  99.6




TABLE III

GREENCASTLE EMISSION SURVEY

PROCESS RATES, CONSUMPTION AND PRODUCTION

Clinker Dust

. Dat 1977 Type of Fuel Rate Riln 2 Slurry
Fun No. Date ( ) Fuel T/Hr Feed Water Produced Disposed

T/Hr T/Hr T/Hr
1 5 Coal 18.5 135 31.1 81 .146
3 5 -9 Coal 18.0 135 33.3 79 .146
5 5 - 10 Coal 17.5 135 33.3 79 .146
Ave. 18.0 135 32.6 79.7 .146
7 5 - 12 Coal 18.0 135 33.3 77 . 146
9, 10 5 - 19 Coal 16.5 125 33.1 74 .146
11, 12 5 - 20 Coal 16.0 125 33.1 75 .146
13, 14 5 - 21 Coal 15.75 125 33.5 76 .146
15, 16 5 - 22 Coal 16.0 125 33.1 76 .146
17, 18 "5 - 23 Coal 16.0 125 33.4 75 .146
19, 20 5 - 24 Coal 16.5 125 33.1 77 .146
Ave. 16.4 126 33.2 75.7 .146
21 20 Coal 18.75 138 33.2 88 .125
23 21 Coal 18.75% 138 33.2 87 .125
25 22 Coal 19.50 138 33.3 88 .125
Ave. 19.00 138 33.2 ‘87,7 .125
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TABLE IV
ALLOWABLE PARTICULATES EMITTED TFROM STACK
PER

INDIANA AIR POLLUTION CONTROL ROARD
REGULATIONS & & 13 '

In accordance with Indizna APC Board and their definition of Proceés

" Weight, we are allowed:

Coal - 18.5 T/Hr.)
Raw Mix - 136.5 T/Hr.; R S
Solids Ctm s T -
Raw Mix - 66.9  T/Hr.’
Water

TOTAL  221.9  T/pp.

-3
e

Particulate Emissicns:

- E = 15,0 p°*5

where E = vrate of particulate emissions in Lbs/Hr.
P = Process weight in Tons/Hr.

E = (5.0)(221.9%° .. e
= (15)(14.90)

= 223.5 1bs/hr.




Pitet
Tube

Facrtow

.80
. 80
.80
.78
.78
.80
.78
.80
.78
.80
.78
. 80
.78
.80

.78 .

.80
.80
.80
.80

TALLE v
GREENCASTLE 12{ISSICN STUDY
EXILWST GAS CHARACTERISTICS

1977

- Stack

Teap. % : Gas Gas
°R. Water Density Press.
_Iﬁ__ in Gas Lbs/Lb-tnle "Her,
792 22 - 28.79 29,34
791 51 27.42 29.41
794 29 28.43 29.43
744 29 28.28 29.41
701 32 27.45 29.30
788 31 27.58 . 29.44
700 33 27.26 29.25
793 31 27.54 29.40
709 31 27.75 29.19
785 30 27.89 29 .33
696 32 27.70 29.24
779 31 27.84 29,38
649 34 27.53 29.33
779 33 27.67 29.49
683 33 27.56 29,35
750 32 27.71 29.49
770 27 28.57 29.22
776 31 28,02 29.39
767 27 28.52 29.31




Run
No.

ot R 75 T X T

Barometric
Press, "z,

29.39
29.46
29.48
29.60
29.48
29.48
29.44
29.44

29.37
29.37
29.42
29.42
29.53
29.53
29.54
29.54
29.26
29.44
29.35

TABLE VI ;
GREENCASTLELMISSION SURVEY :

EXHAUST GAS FLOW RATE

tack

Arca

Sq.Ft.

109.5
109.5
109.5
133.0
133.0
109.5
133.0
109.5
133.0
109.5
133.0
109.5
133.0
109.5
133.0
109.5
109.5
109.5
109.5

AP
"H,.,Q_-

—

.55
.56
.55
.51
.48
.49
.47
.50
.46
.50
.47
.49
.47
.49
«47
.49
.54
.55
.55

Volune

CFH 6
Velocity Volume 29.52 &
Ft./Sec. ACFM 70°F, X
- T 10°
36.41 239,200 7.338
37.91 249,100 - 6.784
36.63 240,700 . 6,721
32.17 256,700 7.649
29.86 238,300 77.190
33.00 216,800 _5.934
29.36 234,300 $.964
33.81 222,200 6.033
28.67 228,800 76.900
33.47 219,900 6,106
2905 231,800 77,031
32.70 214,900 5.935
28,08 .- 224,100 . 77.096
32.74 215,100 5,792
2858 228,100 6.971
32.94 216,400 5.832
35.45 232,900 6.850
36.52 239,900 6.657
36.03 236,700 7.010

-
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TABLE VIII

GREENCASTLE EMISSION SURVEY
GAS ANALYSIS

Pun Gas Cornosition - §
e, Date co, 0, N,

1 S -8 22.0 8.0 70.0
3 5$-9 21.0 7.6 71.4
5 5 -10 26.0 6.2 67.8
7 5-12 27.0 4.0 - 69.0
9§ 10 5-19 22.5 7.4 70.1
11 § 12 S - 20 22,0 8.0 70.0
13 § 14 S - 21 24,0 7.6 68.4
15 § 16 5-22 25,0 6.8 68.2
17 & 18 5 - 23 26.0 7.2 66.8
19 § 20 5- 24 25.0 7.0 68.0
21 6 - 20 26.5 6.4 67.1
23 6 - 21 27.0 5.0 68.0
25 6 - 22 26.0 6.2 67.8




TABLE IX
GREENCASTLE EMISSIGN SURVEY
PLANT COAL ANALYSIS

1977

Results were recorded based on Coal "as fed to kiln" and "as used'".*

(May 8 - 10) (May 12 - 24) . (June 20 - 22)
IIAS Fedll llAs USed'l . "AS Fedﬂ "AS Used'l- "AS Fed" HAS USedll

HZO: 5.16 12,00 ’ 6.09 12,50 5.74 11.20
V.C.: 36.45 33.82 33.58 33.15 34.10 32.12
F.C.: 45.59 42,30 46.17 43,02 46.42 43,73
Ash: 12.80 11.88 _ 12,16 11.33 13.74 12.94
S: 2,44 2.26 2,14 1.99 | 2,98 2.81

I . Run 1 -6 Runs 7 - 20 Runs 21 - 26

“* Btu/Lb: 12,045 11,176 12,175 11,344 11,883 11,195

Tiren

* “"As Eed" refers to moisture condition of coal as it was actually fed to the kiln,

" "As Used" refers to moisture condltlon of coal as it enters Coal Mill and not

I as fed to kiln.  iioe Ten Taleen s s Sl e,

| -

** Average Heat content of coal was 11,238 Btu/lb. as used.




TABLE X
GREENCASTLE M1SSION STUDY

CHEMICAL AJALYSIS

1977
DATE (1977) RAY FEED TO KILN CLINKER DUST
% Ca0 % MeO % SO3 }'_S_O_s 5 S04
5/8 - 5/12 43,75 0.45 0.30 1.43 17.24
5/19 - 5/24 43,88 0.50 0.36 1,51 16.29
6/20 - 6/22 44,19 0.50 0.37 1.33 - 22.76




‘ TABLE XI

. GREENCASTLE STACKX LXISSION SURVEY

METEOROLOGICAL CONDITIONS
1977
Run No. Relative llunidity Anbient Temp.

°F.

1 40 72
3 53 33
5 43 59
7 44 74
9§10 59 - 83
11 § 12 _ 58 80
13 § 14 ' 55 82

‘15 § 16 68 76 -
17 § 18 , 75 ;5
19 § 20 78 74
21 54 C 86
23 72 : 68

25 100 67

ettt T




i3
MATERIAL BALANCE CALCULATIONS
(Sample Calculations for Runs 1 - g)
I. Fuel Consumption Calculation - Molal Basis
A. Coal Analysis
See copy of letter enclosed from Pittsburgh Testing Laboratory
showing ultimate analysis of average samples gathered during
testing. Also, see Table IX for moisture and sulfur level of
y coal "as used". Accordingly, ultimate coal analysis in states
of interest, are:
LR X
Dry Coal Mill Feed * Coal Mill Feed** (Coal Mill Feed

% Comﬁonent Basis ""As Used" "As Used" "As Used"

Carbon 69.33 60.86 60.70 61,04
Hydrogen 4.88 4,28 4,27 4,29
Nitrogen 1.72 1.51 1.51 1.52
Oxygen 8.2 7.28 7.25 7.30
Sulfur 2,33 2,26 1.99 2.81
Water None 12.00 - 12.50 11.20

I Ash 13.45 11.81 11,78 11.84
‘ Total 100 100 100 100

Btu/Lb. 12,517 11,176 11,344 11,195

* P.T.L. Analysis was corrected for moisture @ 12% and Sulfur @ 2.26%
and Btu/lb, for Runs 1 - §.

** P.T.L. Analysis was corrected for moisture 3 12.5% and Sulfur @ 1,99%
and Btu/lb. for Runs 9 - 20.

*** P.T.L. Analysis was corrected for moisture @ 11,2% and Sulfur @ 2.81%
and Btu/lb. for Runs 21 - 25.
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II. Theoretical Combustion Gas Quantities - (No Excess Air)

1. The average fuel coal used by kiln during testing period
from May 8 to May 10 was 18 ton/hr.

or §
[
(2222000 | 406 1ps/min.
60
Accordingly, 100 1bs. coal supplies fuel for -

1

o

Og = 0.167 min. of kiln operation

|

o

2, Therefore, referring to I-B:

. (5.07) (44) _

CO2 T0.167 ~ = 1335.81 1bs/min. produced

H,0 = (36?fg§18) = 327.66 1lbs/min. produced

N, = (g%%%_gg): 5727.18 1bs/min. produced

_ (0.07)(64) _

502 0.1 = 26.83 lbs/min. produced

3. Breakdown of Water Source

(a) Combustion Water:

23@.0C
(2.14) (18) | 230.66 1b/min. produced -~ 2.2/
(.167) 22!
(B) Free Water in Coal "As Used': Yarvoes 7
(0.67) (18) _ s L
-T:_j-ﬁj_ 72,21 1b/m1n. : BRI
(c) Free Water in Coal "As Fed to Kiln'": i
516 X (553 6)
= — X 72.21 = 28.81 1lb/min,— .

Loss Water = 72,21 - 28.8] = 43.4 1b/min.
(d) Water in Combustion Air:

(0.23)(18) _ N
=22 = 24.79 1b/min.




III. Liberation of CO2 and HZO from Raw Mix

Average raw mix feed rate during test was 135 ton/hr. or 4500
1b/min. dry solids.

Raw Mix Chemical Analysis was used to determine the available
C02 liberated from C:tCO:5 and MgCOS: '

100

(% CaQ) X Eg =% CaCOs
= 43.75 X 222 - 75.125
84
% ) — = 5% )
(% Mg0) X 70 1gCO3

84
= 0.45 X 75 = 0.945

(78.125) (44) _ 54 375 1.

From CaCOS, co

2 (100)
\ . (0.945)(44) _
From MgCOS, c02 = ———gr— = 0.495 1b,

Total CO2 = 34,87 1b/100 1b. Raw Mix

or, co. = (34.87)(4500)
2 100

= 1569.15 1b/min.

Average % Slurry Water was 32.6, which amounts to:

oo < 4500

2" T @ - o036 - 4500

2176.56 1b/min.




——
~J

IV. Theoretical Kiln Exit Gas - (No Excess Air)

1. Total Exit Gas Quantities ( per min. of kiln operation)

Source ng(lb) gQO(lb) ﬁz(lb)
(a) Combustion Process 1335.81 284,26 3727.18 et
(b) Raw Mix Liberation 1569.15 2176.56 -~

TOTAL  2904.96 2460.82 3727.18
2. Exzit Gas Analysis - Wet Basis
2904.96 ce T - S
\, = - XY
CO2 (Mole) 37 66.02
2460.82 - R
; \ = - = 3
”20 (Mole) 18 136.71
\ . 3727.18 _ -
N2 (.'1018) = ""'2—8-—-— = 133.11
TOTAL 335.84 Moles/Min.
Hence:
_ 66.02° o
CO2 * 335787 19.66%
_ 136.71 _ o
HZO = m = 40,71%
133.11 _ <
NZ = w = 39.6.)0

3. Exit Gas Analysis - Dry Basis

_ 19.66

€, = T

= 33.16%

_ 39.63 _ o

NZ = m) = 66.84%

4. Theoretical Exit Gas Volume
' At Standard Conditions (70°F. and 29,92"Hg)
Volume = (335.84) (387) = 129,970 SCFM (Wet)

or = (129,970)(1 - .4071) = 77,059 SCFM (Dry)




V. Actual Kiln Exit Gas at Sampling Ports

1. Exhaust Gas included rot only Theoretical Combustion Air and
Excess Combustion Air but also Infiltrated Air at kiln exit,
precipitators, etc. From here forward, the term Excess Air
will be used instead of Excess and Infiltrated Air.

2. Average Orsat Analysis taken from Exhaust gas are showing
along with Theoretical Gas Analysis:

ORSAT ANALYSIS (DRY) THEOQ. ANALYSIS (DRY)
CO2 - 23.0 C02 - 33.1
O2 - 7.3 O2 -0
N2 - 69.7 N2 - 66,9

3. Excess Air Calculation - EQQ

(Vol. Comb. Gas) (% COZ) + (Vol. Excess Air) (% COZ)

Balance (Using Above Analyses)

= (Vol. Actual Gas) (% C02)

Let X = Vol. Comb. Gas (Relative)
100-X = Vol., Excess Air (Relative)
100 = Vol, Actual Gas (Relative)
Then -
(X)(33.1) + (100 - X)(0) = (100)(23)
33.1X = 2300
X = 69.5% Comb. Gas
100-X = 30.5% Excess Air ' ) i

From IV-4, Above, the Theoretical Dry Exit Gas was 77,059
SCFM, therefore, Actual Kiln Exit Gas (Dry)was:

77,059
.695

110,876 SCFM - Dry

Excess Air (110,876 - 77,059)

ft

33,817 SCFM - Dry

4. Oxyzen Balance (Using Above Analyses)

(Vol. Comb. Gas) (% 02) + (Vol. Excess Air) (% 02)

= (Vol. Actual Gas) (% 0,)




Using the same symbol X as above,

(X)(0) + (100 -X)(21) = (1060(7.3)

X = 2100 - 730
21
= 63.2% Comb Gas
100-X = 34.8% Cxcess Air
Hence,
Actual Kiln Exit Gas = Zzgggg = 118,188 SCFM - Dry

(118,188 - 77,059)

h

Excess Air

41,129 SCFM - Dry

5. Reconciliation of Balance

The CO, and 0, balances should give the same quantity of excess
air foT a givén location. They do not agree exactly due to
experimental error, but they are close enough so that an average
of the balances should accurately represent the true condition.

(Average) Excess Air = 33,817 ; 41,129

37,473 SCFM - Dry

" 6. Weight of Excess Air Components

Lb/min. of kiln operation

L (37,473)(.21) (32) _ _ .
02 = (387 650.69 1b/m1Q. ey

- (37.473)(.79)(28)

2141.87 1b/min. -

N, = (387)
. (37,473) (.0082) (18) = 14,29 1b/min. o
H,0 y (387 4.2 /m
S _;f\;.N.h or(li;g%%£§§Z)= 307 SCFM  © -




(Recall 0.0082 was the Molal Humidity 2 Testing Period)

7. Actual Kiln Exit Gas Volune:

(a) Theoretical Kiln Exit Gas (IV-4) = 129,970 SCFM (Wet)

(b) Excess Air (V-5 and V-6) = 37,473 + 307
37,780 SCFM (Wet)

(¢) Actual Kiln Exit Gas (a) + (b) = 167,750 SCFM (Wet)

H

(1) Stack conditions (167,750) (792) (29.92)

(530) (29.39)

255,196 ACFM (Wet)




VI. Stack Gas

1. Gas Volume (Measured)

Averaged volume of gas measured was 243,000 ACF 2 average
stack conditions of 792°R(or 332°F) and 22.39"Hg. Therefore,
at standard conditions (70°F and 23,92"Hg), stack gas volume:

(530) (29.39)

(243,000) 755y (2557

= 158,733 SCFit - (Wet)

2. Gas Components

(2) On the average, 27.3% of stack gas was water vapor based
on condensate collected during test., This was 27.3% by
volume since we compared moisture ceitent of stack gas
while H,0 was in vavor state. Therefore, stack gas con-
tained:”

(159,733) (.273) = 43,607 SCFM Vapor

or,

(43,607} (18)

= 2 b/Min.
(G387 2028.2 Lb/Min HZO,

(b) Orsat Analysis shows 23% CO , 7.3% O2 and 69.7% N, on
the dry basis. With 27.3% ﬁzo, the analysis is réported
on the wet basis as follows:

€0, - (23.0)(1 - .273) = 16.7 STl s i -
0, - 7.3)U - .273) = 5.3  2i- 3T
N, - (69.7)(1 - .273) = 50.7
H0 - 27.3 = 27.3
TOTAL 100

(¢) From VI-1 above, the total volume of stack gas was 159,733
SCFM (Wet). The rate of each gaseous component emitted
from the stack can be calculated:

_ (159,733) (.167) (44)

o, (387

= 3032.9 1b/min.

_ (159,735)(.053) (32) _

O2 = (387) 700.0 1b/min.
(159,733) (.507) (28) .
' = = - L
AZ (3387) 5859.3 1b/min
HO _ .
2 2082.2 1b/min (from VI-2-a)

!




VII. Gas Balance

(1) €0,

CO2 Input 2905.0 1b/min. (from IV-1)

|
!

C02 Cutput 3032.9 1b/min. (from VI-2-¢)

Heasuring Efficiency 104.4%

(2) 0,

O2 Input 650.7 lb/min. (from V-6)

O2 Output

n

700.0 1b/min. (from VI-2-¢)

Measuring Efficiency 107.6%

(3) ¥y
Nz Input = ©5869.0 lb/min. (from IV-1 and V-6)
N2 Qutput = 5859.3 1b/min. (from VIi-2-¢)
Measuring Efficiency 99.8%
(4) Hp0
H,0 Input = 2475.1 1b/min. (from IV-1 and V-6) -
HZO Output = 2082.2 (from VI-2-¢)--
Measuring Efficiency 84.1%
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MATERTAL BALANCE CALCULATIONS FOR KILN OPERATED WITH COAL AS FUEL

EMISSION TESTING AT GREENCASTLE PLANT, MAY & JUNE / 1977

RUNS 1-5 (MAY/8~MAY/10, 1977)

DATA INPUT

CARBON WEIGHTZ IN COAL= 60.48

HYDROGEN WEICHTZ IN COAL= 4.28

NITROGEN WEIGHTZ IN COAL= 1,51

OXYGEN WEIGHTZ IN COAL= 7,28

SULFUR WEIGHTZ IN COAL= 2.26

WATER WEIGHTZ IN COAL= 12

WATER WEIGHTZ IN COAL AS FED TO KILN = 5.16
CAO WEIGHTZ IN RAW MIX = 43,75

MGO WEIGHTZ IN RAW MIX 45

H20 WEIGHTZ IN RAW MIX = 33,6

[ (I

CO2 VOL,7, ORSAT ANALYSIS = 23
OXY VOL.7, ORSAT ANALYSIS = 7.3
N2 VOL.Z, ORSAT ANALYSIS = 69,7

AVE.RAV FEED, TON/HR = 135

AVE,CLINKER PRODUCED, TON/HR = 79.7

AVE,DUST REMOVED, TON/HR = ,146 o /
AVE,FUEL COAL RATE, TON/HR= 18 = -5 D
MOLAL, HUMIDITY OF AMBIENT AIR = 8,20000000E-03
AVE.VOL.OF STACK GAS (WET), ACFM = 243000
AVE.VOL.%Z OF H20 IN STACK GAS = 27.3

AVE,TIMP,OF STACK GAS, DEG.R 792

AVE.PRES.OF STACK GAS, IN.HG.= 29 39

RESULTS
BASIS 100 LB FUEL COAL (AS USED)

THEORETICAL AIR REQUIRED
DRY AIR 65824.55 SCFM
WET AIR 66364.31 SCFM

EXCESS AIR CALCULATED :
BASED ON CO2 BALANCE, DRY
BASED ON OXY BALANCE, DRY

AVERAGE, DRY
AVERAGE, WET

33257.23 SCFM
41365.36 SCFM
37311.29 SCFM
37617.25 SCPM

e onon

TOTAL THEOQ.VOL,OF KILN EXIT GAS (WET)
TOTAL MEAS.VOL,OF KILN EXIT GAS (WET)
TOTAL GAS MEAS, EFFICIENCY

171262,81 SCFM
159733.11 SCFM
93.26 %




CARBON DIOXIDE BALANCE :

CO2 FROM COMBUSTION PROCESS
CO2 LIBERATED FROM RAW MIX

TOTAL INPUT

CO02 MEASURED FROM STACK
TOTAL OUTPUT

MEASURING EFFICIENCY (0/I)

OXYGEN BALANCE :-

02 IN EXCESS AIR
TOTAL INPUT

02 MEASURED FROM STACK
TOTAL OUTPUT

nn

MEAS. EFFICIENCY (0/I)

NITROGEN BALANCE :

N2 IN COMBUSTION AIR
N2 IN EXCESS AIR
TOTAL INPUT

t uon

N2 MEASURED FROM STACK
TOTAL OUTPUT

MFAS. EFFICIENCY (0/I) =

WATER BALANCE :

H20 FROM COMBUSTION PROCESS

H20 IN COMBUSTION AIR
H20 IN EXCESS AIR

H20 IN SLURRY

H?0 IN FUEL COAL
TOTAL INFUT

H20 MEASURED FROM STACK
TOTAL QUTPUT

MEASURING EFFICIENCY (0/I)

1330.56 LB/MIN
1569. 35 LB/MIN
2899,71 LB/MIN

3036.67 LB/MIN
3036.67 LB/MIN

104,72 Z

647,88 LB/MIN
647.88 LB/MIN

700,95 LB/MIN
700 95 LB/MIN

108,19 Z

3771.,43 LB/MIN
2132.62 LB/MIN
5904,06 LB/MIN

5856,10 LB/MIN
5856,10 LB/MIN

99,18 7

231,12 LB/MIN
25.10 LB/MIN
14.23 LB/MIN

2277,10 LB/MIN
28,72 1LB/MIN
2576429 LB/MIN

[ B I | |

2028,23 LB/MIN
2028,23 LB/MIN

78.72 %




MATERIAL BALANCE CALCULATIONS FOR KILN OPERATED WITH COAL AS FUEL

EMISSION TESTING AT GREENCASTLE PLANT, MAY & JUNE / 1977

RUNS 7-20 (MAY/12-MAY/24, 1977)

DATA INPUT

CARBON WEIGHTZ IN COAL= 60.7
HYDROGEN WEIGHTZ IN COAL= 4,27
NITROGEN WEIGHTZ IN COAL= 1,51
OXYGEN WEIGHTZ IN COAL= 7,25
SULFUR WEIGHTZ IN CCAL= 1,99
WATER WEIGHTZ IN COAL= 12,5

CAO WEIGHTZ IN RAW MIX 43.88
MGO WEIGHTZ IN RAW MIX -
H20 WEIGHTZ IN RAW MIX = 33,2

CO2 VOL.%, ORSAT ANALYSIS = 24,5
OXY VOL.7%, ORSAT ANALYSIS = 6.86
N2 VOL.7%, ORSAT ANALYSIS = 68.64

AVE,RAW FEED, TON/HR = 126
AVE.CLINKER PRODUCED, TON/HR = 75.7
AVE.DUST REMOVED, TON/HR = ,146
AVE,FUEL COAL RATE, TON/HR= 16,4

MOLAL HUMIDITY OF AMBIENT AIR = 2,02000000E-02

" WATER WEIGHTZ IN COAL AS FED TO KILN = 6.09

AVE.VOL,OF STACK GAS (WET), ACFM = 226700

AVE,VOL,7%Z OF H20 IN STACK GAS = 31,7
AVE,TEMP,OF STACK GAS, DEG.,R = 738
AVE.PRES.OF STACK GAS, IN.HG.= 29.35

RESULTS

BASIS 100 LB FUEL COAL (AS USED)

THEORETICAL AIR REQUIRED :
DRY AIR 60057.43 SCFM
WET AIR 61270.59 SCFM

nn

EXCESS AIR CALCULATED :

BASED ON CO2 BALANCE, DRY = 25292,65
BASED ON OXY BALANCE, DRY = 34542,68
AVERAGE, DRY = 29917,66
AVERAGE, WET = 30522,00

TOTAL THEO.VOL,OF KILN EXIT GAS (WET)
TOTAL MEAS.VOL.OF KILN EXIT GAS (WET)
TOTAL GAS MEAS, EFFICIENCY

SCFM
SCFM
SCFM
SCFM

153800,99 SCFM
159704.64 SCFM

>
U

103.83 %




CAREON DIOXIDE BALANCE :

CO2 FROM COMBUSTION PROCESS
C0O2 LIBERATED FROM RAW MIX

TOTAL INPUT

CG2 MEASURED FROM STACK
TOTAL OUTPUT

MEASURING EFFICILENCY (0/I)

OXYGEN BALAKCE :

02 IN EXCESS AIR
TOTAL INPUT

0Z MEASURED FROM STACK
TOTAL OUTPUT

MEAS. EFFICIENCY (0/I)

NITROGEN BALANCE :

N2 IN COMBUSTION AIR
N2 IN EXCESS AIR
TOTAL INPUT

N2 MEASURED FROM STACK
TOTAL OUTPUT

MEAS, EFFICIENCY (0/I)

WATER BALANCE :

H20 FROM COMBUSTION PROCE &

H20 IN COMBUSTION AIR
H20 IN EXCESS AIR

H20 IN SLURRY

H20 IN FUEL COAL
TOTAL INPUT

H20 MEASURED FROM STACK
TOTAL OUTPUT

MEASURING EFFICIENCY (0/I)

1216,69 LB/MIN
1471.14 LB/MIN
2687.,83 LB/MIN

niuae

3038,40 LBR/MIN
3038.40 LB/MIN

113,04 %

519.50 LB/MIN
519,50 LB/MIN

618,73 LB/MIN
618.73 LB/MIN

119.10 7

3440.99 LB/MIN
1710,02 LB/MIN
5151.01 LB/MIN

5417.04 LB/MIN
5417.04 LB/MIN

105,16 7%

210,08 LB/MIN
56.42 LB/MIN
28,10 LB/MIN

2087.42 1LB/MIN
31.01 LB/MIN
2413,06 LB/MIN

i

2354,71 LB/MIN
2354,71 LB/MIN

97.58 Z

6




MATERIAL BALANCE CALCULATIONS FOR KILN OPERATED WITH COAL AS FUEL
EMISSION TESTING AT GREENCASTLE PLANT, MAY & JUNE / 1977

RUNS 21-25 (JUNE/20-~JUNE/22, 1977)

DATA INPUT

CARBON WEIGHTZ IN COAL= 61,04
HYDRCGEN WEIGHTZ IN COAL= 4,29
NITROGEN WEIGHTZ IN COAL= 1.52
OXYGEN WEIGHTY IN COAL= 7.3
SULFUR WEIGHTZ IN COAL= 2,81
WATER WEIGHTZ IN COAL= 11.2
WATER WEIGHTZ IN COAL AS FED TO KILN = 5,74
CAO WEIGHTZ IN RAW MIX = 44.19
MGO WEIGHTZ IN RAW MIX .5
H20 WEIGHTZ IN RAW MIX = 33,2
C02 VOL,.%, ORSAT ANALYSIS 26.5
OXY VOL.7%, ORSAT AMALYSIS 5.9
N2 VOL.Z%Z, ORSAT ANALYSIS 67.6
AVE.RAW FEED, TCN/HR = 138
AVE.CLINKER PRODUCED, TON/HR = 87,7
AVE,DUST REMOVED, TON/HR = ,125
AVE.FUFL COAL RATE, TON/HR= 19
MOLAL HUMIDITY OF AMBIENT AI R = 2.08000000E~02
AVE.VOL.,OF STACK GAS (WET), ACFM = 236500
AVE,VOL.7 OF H20 IN STAK GAS = 29,7
AVE.TEMP,OF STACK GAS, DEG.R 771
AVE,PRES,OF STACK GAS, IN,HG.= 29.31

nw

RESULTS
BASIS 100 LB FUEL COAL (AS USED)

THEORETICAL AIR REQUIRED :
DRY AIR = 70248.62 SCFM
WET AIR = 71709,79 SCFM

EXCESS AIR CALCULATED :

BASED ON CO2 BALANCE, DRY 18529.61 SCFM

BASED ON OXY BALANCE, DRY = 32183.17 SCFM
" AVERAGE, DRY = 25356,39 SCFM
AVERAGE, WET = 25883,80 SCFM

TOTAL THEO.VOL.OF KILN EXIT GAS (WET) = 165648.43 SCFM
TOTAL MEAS,VOL.OF KILN EXIT GAS (WET) = 159260,05 SCFM

TOTAL GAS MEAS. EFFICIENCY = 96.14 7




'\

CARBON DIOXIDE RBALANCE :

CO2 FROM COMBUSTION PROCESS
CO2 LIBERATED FROM RAW MIX

TOTAL INPUT

CO2 MFASURED FROM STACK
TOTAL OUTFUT

MEASURING EFFICIENCY (0/I)

OXYGEN RALANCE :

02 IN EXCESS AIR
TOTAL INPUT

02 MEASURED FROM STACK
TOTAL OUTPUT

MEAS. EFFICIENCY (0/I)

NITROGEN BALANCE :

N2 IN COMBUSTION AIR
N2 IN EXCESS AIR
TOTAL INPUT

B n i

N2 MEASURED FROM STACK
TOTAL OUTFUT

MEAS, EFFICIENCY (0/1) =

WATER BALANCE :

H20 FROM COMBUSTION PROCESS

H20 IN COMBUSTION AIR
H20 IN EXCESS AIR

H20 IN SLURRY

H20 IN FUEL COAL
TOTAL INPUT

H20 MEASURED FROM STACK
TOTAL OUTPUT

MEASURING EFFICIENCY (0/I)

1417.48 L3/MIN
1622.45 LB/MIn
3039,93 LB/MIN

nnon

3373.25 LB/MIN
3373.25 LB/MIN

110,96 7%

440,29 LB/MIN
440,29 LB/MIN

546,20 LB/MIN
546,20 LB/MIN

124,05 7

4024,87 LB/MIN
144 9,31 LB/MIN
5474,18 LB/MIN

5475,90 LB/MIN
5475,90 LB/MIN

100,03 Z

244,53 LB/MIN
67.96 LB/MIN
24,53 LB/MIN

2286,22 LB/MIN
34,24 LB/MIN
2657,49 LB/MIN

0w 8000

2200,01 LB/MIN
2200.01 LB/MIN

i

82,78 %




DISCUSSION OF RESULTS

(1) Stack Emissions

Solid stack emissions at the point in time of testing averaged 28.7 1lbs/
hr. The mode of operation at this time was labeled "normal” in the sense
that operation was smooth and in accordance with plans presumably applicable

to market needs. Normal operation contributing to this level of emissions

means the kiln was operated at about 90% capacity with the precipitator in
good but not excellent condition (upgrading of the south half of the

precipitator was done later).

In 1975, test showed 17.2 1bs/hr. were emitted when operating at approx.
80% capacity and in 1973, 18 lbs/hr. were emitted at 90% kiln capacity.
Though current stack particulate emissions are higher than measured pre-
viously, the rise in light of the allowable at 230 1bs/hr. is not significantly
substantial te warrant an in-depth study to justify its existance. We are
confident the precipitator upgrading project performed over the weekend of
June 10 restored emission levels to around the 20 1b/hr. level and comparable
with results obtained in 1973 and 1975 at the same reduced level of kiln
operation.

As an adjunct to our original program, we did make a series of runs
to reflect the results of precipitator upgrading program. We found parti-
culate emissions had not subsided, as anticipated, but actually increased
to 38.4 1bs/hr. Close examination of the data showed a sudden jump in pro-
duction level from 80% to 100% capacity with significant increase in fuel USe
and clinker production (see Table III), Therefore, results could very well
reflect the kiln operation in a slightly unstable condition. However, results
tend to show at top production, even when the precipitator is in excellent
condition, the realistic particulate emission from the stack should probably
be in the range of 30 - 40 1b/hr. or approx. 20% of the allowable limit
rather than 20 1b/hr. we have been led to believe is normal. All previous
work was performed at curtailed production levels of 80-90% full capacity

which is probably the main reason for the favorable emission levels obtained
in previous yeuars.




(2) Precivitator Efficiency

‘Test showed the precipitator was operating at a very respectable
efficiency of 99.65%. Though this level was slightly less than the 99.8%

measured in 1975, the difference was not significant and, therefore, we

did not recheck the unit following work done on the south half of the
precipitator.

Doubling the normal insufflation load from 6 - 12 T/Hr. had practically
no effect on the emission load though it did increase the input load about

6%. The precipitator efficiency remained unchanged which coincides with
the findings in 1975. (See Table I1).

(3) Stack Sampling Ports

For the record and so that all concerned will not lose sight of technical
restrictions placed on test data, we are including a statement of status
originally recorded in the 1975 report,

During the interim between 1973 and 1975 test, the Greencastle plant
obtained an Envirometric continuous analyzer. As an expediancy, the
monitoring unit was installed so that one of our 4 symetrical test ports
was used as the access hold for the Envirometric sample collector. Accord-
ingly, all test runs in 1975 and 1977 were conducted by testing at only 3
of the 4 rest quandrants. Prior to testing, all concerned were made aware
that testing would have to procede by an unconventional plan that would pre-
clude use of test port equipped with the monitor sampler. Further, all
were informed test data, though probably essentially correct, would be for
in house consideration only and no attempt would be made to use data for com-
pliance purposes. At this time, it is respectfully suggested that the
Envirometric sample unit be relocated when convenient and before further
stack testing is planned at Greencastle, Thus, we will be able to proceed

in strict accordance with regulatory rule and test methods will be completely
creditable,
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SAMPLE CALCULATION FOR 3Tacy nyy f

[ —

NOAENCLATURE

- Cross-sectional area of sanmple nozzle, sqg. ft,

3

A - Cross-scctional arez of stack, ft.

Bwo - Proportion by volume of water vapor in the gas strean,’
dimensionless

C - Pitot tuhe cocificient, dimensionless
Cp std. - Pitot tube coef. of standard type tube @ .99
Pitot tube coefficient of type "S" pitot tube

c'sg - Concentration of particulate matter in stack gas,
£T./s.c.f. dry basis

Cg - Concentration of particulate matter in stack gas, 1b/s.c.f.

E - Particulate enission rate

All - Average pressure drop across the orifice neter, inches 1,0

4

I - Percent of Iso Kinetic sampling. Test acceptable betiwecen
90% . I _ 110%

K - 85.48 frt. " 1bs,
scc. lb-mole °%

hh - Dry molecular weisht of stack gas

LG!O - Molecular weight of water, 18 1b/l1b-mole
2

Mg - Molecular weisht of stack gas (wet basis) 1bs/lb-mole
My (1~B, )+ 18 B

M - Total anount of particule matter collected, ng.

Phar = Barometric pressure at the orifice meter, inches Hg,

Pstd - Absolute pressure at standard conditions, 29,92 inchcs He,

P - Absolute stack gas pressure, iaches lig,

l b - Inside diancter of stack at sample port, Ft.




- .y 2o . eyt o - el i 1
tipstd. Yelocity head Rncasured by standarg YPe pitot tube !

Ptost - Velocity head Beasured by tyme ngo pitet tube
Y Ap - Ave,

e 1 Ty . . 3 | !
ave. velocity head of Stack gas, inches L20

QS - Volgmetric flow rate, dry basis, standard cenditions,
fr.5/hr,

R - Ideal gas coistant

°R - Degrees of teuperature, Rankin (F+460)
f’HZO - Density of vater, 1 m./nml.
( Average absolyte stack
Tgtd. - Absolute ltemperature ar standard conditions, 335°
T, - Average dry gas peter temperature, °p

[~

< - Total sampling tize, nin,
v

nmeter (standard conditions), cu. e,
4 - Stack gas velo ity, fee T second (f,p.s.
s (ave) tack g city, t per se (f.p.s.)

.Vn - Volurne of 32s samnle through the dry gas neter (moter

conditions) cu, fr.
. \’ic - Total volume of liquid collected in impingers and silica gel
17.71 - °R per inch. llg @ std, cond, of 530 & 29.92
24,1 - Liters vater Per gran-mole
28,3 - Liters dryv air per cu. ft,
1,667 - 100/60 min/sec
13.6 . Specific gravity of mercury
2.205%10°% = 0/,
0.015¢ . Grains per nE.

32 - Molecular weisht of oxXyvgen

! I n std - Volune of Ga5 sanple throush the dry gas




1,

Pitot Tube Czlibration

Using "S" type, Tube "b" 4' length calibrated Feb.

rp
Cp test = Cp std. | std
\ Pstd

Forward
Cp test = (.99) \’.58

.88
Cp = .80
Reverse _
Cp test = (.99) 96

.87

= .79
Cp ave. = .80
Velocity of Stack Gas
s ave, = Kp Cp 4P ave J Ts ave,
P M
s
Vs ave. = (85.48)(.80)(.55) (792)
(29.34) (28.79) -

v
s ave. = 36.41 ft/sec

Volume of Gas (Actual) from Stack

Volume = (s ave.) (A) (60)
Volume = (36.41)(109.5)(60) = 239,214 ACFM

Yolume Dry Gas €@ Standard Conditions

Q% - 3600 (1- B,) ('s) (&) Tsed.

S ave

(530) (29. 34)
(79’)(2q 92)

c

U = 3600 (1 - .22)(36.41)(109.5)

Q . 7.34 x 10° scru

1, 1977,

3

T




»

5. Sample Gas Volume 2 Standard Conditions

Vi std. = 17.71 ' [ Phar +H 3.6>

Tm

vm std.

.53
(17.71)(56.51) [ 29.39 + == ;)

528

Ym std. = 55.78 cu.ft.

6. Percent of Isokinetic - EPA Method

(1.667 Ts) l_(.oozm) (Vic) +('\_/_,r_u_ (P bar +AH) ]
T :

1 = 13.6

() (¥s) (Ps) (A)
(1.667) (792) (.894 + 3,150)
I = a9 (36.41)(29.34) (. 000341)

]
n

101.7%

% Isokinetic for all runs (from Run No. 1 to Run No. 25 ) were calculated
using the sanme method as above, and are presented in Table VII ,




RUNS 1 - 5

SUMARY SCHRMATIC
GAS BALANCE

UNITS: Lb/Min.

INPUT
2277 VWater iﬁ Taw mix
285 VWater in coal, comh. air, free water
14  Water in excess air -
- [ 2133 Nitrogen in excess air
o=} 3771 Nitrogen in combustion air
1330 *CO,, from carhon in coal
=== 1569 CO2 from raw rix decomposition

[ 648 Oxvgen in excess § infilterated air

12,027 TOTAL

RAW INFILTRATED
“MIX AIR
= ]
KILN . PRECIPI-
Comb.,Air TATOR -
& Excess
Air

OUTPUT

zme 3037 CO,,
dee 701 0]
e 5856 N,
e 2028 1.0

11,622 TOTAL

STACK GAS

STACK




) ' - - - -

INPUT

1Y
[ 2087 Water in
"1 297 tater in

N 28 TWater in

- [ 1713 XNitrogen
pe=m] 3441 \1trogcu

Iy ’- EEE

1471

10,770 TOTAL

[ 519 QOxygen in excess § infilterated air

RUNS 7 - 20-

SUMIARY SCHEMATIC
GAS BALANCE
UNITS: Lb/Min,

Taw nMix

coal, comdh, air, free water
excess air

in excess air -
in combustion air

1217 'CO, from carhon in coal
CO2 from raw nmix decomposition

RAW INFILTRATED
MIX AIR
= /
KILN _ PRECIPI-
Comb.Air TATOR
& Excess
Air

QUTPUT

3038 co,
_E:: 613 0;
= 5417 N,
bsom 2355 110

11,429 TOTAL

STACK GAS

STACK




RUNS 21 - 25

GAS BALANCE
UNITS: LB/HINM,
INPUT
2286 water in raw mix
e 347 Water in coal, comb. air, free water
i 24 Water in excess air : '
- T 1449 Nitrogen in cxcess air
— 4025 Nitrogen in combustiocn air
1417C0, from carbon in enal
=1 1622 €O, from raw mix decomposition

[ 440 Oxygen in excess & infilterated air

11,610 TOTAL

SUMMARY SCHEMATIC

36
OUTPUT
o= 3373 CO,
546 4°
E S 2
[ 5476
[ 2200 110

11,595 TOTAL

STACK GAS

H

RAY INFILTRATED
MIX AIR
| KILN _ PRECIPI-
Comb. Air TATOR
& Excess
Alr

STACK




GREENCASTLE E'1ISSINN SURVEY :

KILN STACK ‘
VELOCITY, PARTICULATE & SULFUR SAMPLING TRAVERSE
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GREENCASTLE PRECIPITATOR
WEST SIDE ENTRANCE DucCT
' SOUTH HALF
VELOCITY § SAMPLING TRAVERSE
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SAMPLE POINT LOCATION
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PITTSBURGH TESTING LABORATORY

ESTAQLISHED 1381

850 POPLAR STREET. PITTSBURGH, PA. 15220 PLEASE REPLY Te

P.O. BOX 1648
P H . 4
AS A MUTUAL FROTECTION TO CLIENTS. THME PUBLIC AND OURSELVES. ALL PCRORTS ITTSBURGH. PA. 11

ARZ 3UBMITTED AS THE CONFIDENTIAL FROPERTY OF CLIENTS. AMO AUTHORIZATION
FOR FUELICATION QF STATEMEMTS, COMCLUSIONS OR EITRACTS FAQM OR NEGARDING
PUR REFORTS IS HESLAVED PENDING QUR WRITTEN APFROVAL.

LABORATORY No. - 776358
AREA CODE 412 TELEPHONE 922.4000

. ' ORDER No. PG-6218
CLIENT'S No. _ REPORT

June 2L, 1977
Analysis of: COAL

Marked: "Green Castle - Coal sample - May 77" .
Submitted by: Lone Star Industries, Inec. |
Reported to: Lone Star Industriés, Inc.

P. 0, Box 218
Houston, Texas 77001

As Receilved Dry Basis

Carbon - 69.33%
Hydrogen - . L.88%
07-7891'1 - 8029% )
Nitrogen - 1.724
Sulfur - 2.33%
Ash 12.84 % 13.45%
Moisture 4.55 % None
BTU Per Pound - 11,947 12,517
PITTSBURGH TESTING LABQE&TORY
e .',,..--f" . o =zl
/7./"" T /
Robert J;/glng
Manager, Chemical Department
3 - Client
Attn: Clyde W. Moore
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PARTICULATE & WATER CATCH

RUN NO,

' Final Weight £07. 0f

IMPINGER 1 2 73,43

l WATER WEIGHT GAIN
IMPINGER Initial Weight 533.65
I NO. Increase - IMPINGER 2 J9. 20
Final Weight 6&5/‘7 IMPINGER 3 3 /5
I IMPINGER Initial h’eightgzg 9, N
NO. 1 a ’ E
=% nerease E— . IMPINGER 4. /9. 42
I IMPINGER l;inal ‘fcxl ghth‘_zl'f‘/"g'/ TOTAL 24 2o
NGE nitial Weight i S
NO. 3 Increase 44 846 Q e ORSAT _
—— NG
I NN o, 22.0
Final Weight 3.57 N [
IMPINGER Initial Weight _
I NO. 4 Increase 77él 19 N 7] _______X',o
\Q\t; " co
F ——
l FILTER NO. Final Weight oS/ N
Initial Weight N :
4 Part. Catch S22/ D N, 70.0
l N - odco .
SOLID WEIGHT GAIN
l Final Weight /¢{3 /333 BEAKER 1
B%V/ Initial welgh}d,?.;; e
No. /6 Increase T5es3 BEAKER 2
BEAKER 3
'/.' %‘ -y, Final Weight /<£3.({95 2 -
BEAKE Initial Weight BEAKER 4
I No. |7 Increase /ﬁ—gi'g‘; _ ————
' v TOTAL
= IOCZGO
I i Final Weight /¢(3, Zss > - . O2g
EAKER nitial wWeig :
NOo._ /4 Increase /Zé‘_i.iiz , ‘2'7;2 2
;&39' L2382
- / /0o
I BEAKE Final Weight 7erat. —
NQ. Initial Weight
I Increase _—
(.5'30
Moisture Content: Sample Vol.96.5/ £¢.3 x 460 ...____fO X 28,3 L/ft.3= /605 L Dry Gas
460 + Meter
I 528 Temp.
Water Total = °20541 L
l Weight‘33"r' a"gm. x 24,1 L = 4’4‘9 L 1,0 Vapor
18 & mol. 0 Vol. 447 L\ 5o o
ol, ————r———
I " Total 054 L
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l RUN NO. N —_—
PARTICULATE & WATER CATCli '
l NG 1I=ina1 Weight &¢& 7.04 WATER WEIGHT GAIN IMPINGER 1 K73. 75
IMPINGE nitial 1\'eigh£5"§i‘"3
NO. 2 Increas =3
I case IMPINGER 2 /52.57
Final Weight 7.35.8¢ DPINGER 349, 8
I IMPINGER Initial Weight 5
NO. 72 Increase 683 Y
I— IMPINGER 4. (/.08
l Final Weight 4/57?- 7\5 TOTAL 5-37. 23
IMPINGER Initial Weight” " = _
I NO. /ﬁ Increase 6[4[0, o5 ORSAT
/.0
Final Weight S co, 2
I IMP INGER Initial Weight .
NO. /A Increase 8b2/@ 0, 7.6
. . o _—
FILTER NO. Final Weight %22« —_—
2) Initial Weight /
Part. Catch .ZL o N, /-4
I ' 2L/
' SOLID WEIGHT GAIN
BEAKER Initial Weight/%3 ¢35 B ——
NO. /2 Increase —— 2 < BEAKER 2
! /RF3 _—
! P. Final Weight /¢£f 63)5 SEAKER 5 __
_ BEAKER Initial Weight
l NO. 9?3 Increase /-—Ké—';@/'? - Y BEAKER 4 —_—
e 3207 Aok 4 TOTAL
. . b, 037 —_—
I Final Weight ———
BEAKER Initial Weight — - /853
NO, Increase —_—
| Yo 522
BEAKER Final Weight AN &/ oo NTESS
N Initial Weight
I PROBE WASH Increase ’/J—'ﬂ‘%
voq
— 3 .4'30; 3
Moisture Content: Sample Vol.9 /744 ft.3 x 440 + 0 X 28.3 L/ft.3= /623 Dry Gas
l 460 + Meter
. (539 Temp.
Water :
C o 537,23 = R4 4L
I Weight gm. x 24,1 L = 7/? L H,0 Vapor Total _-_;;;'2_
18 _g_l'_ﬂ-. - mol.
mol, H;0 Vol. -Zﬁf'?—l': x 100 =3/ %
l Total KF4Q
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Total 2/7/ L .

' RUN NO. 3
PARTICULATE § WATER CATCH  ( ’724,74{
I Final Weight _740.33 yater wercuT GAIN IMPINGER 1 374 2>
IMPINGER Initial h’eighwf Eé of
. I -
l . /7 nerease IMPINGER 2=33. 873
Final Weight _ 5 O&. 3o IMPINGER 3 50, /5
I IMPINGER Initial welghtgﬁ—éza —=
NO. < Increase -0
T2 O3 IMPINGER 4. 64.08
IMPINGER Initial Weight -
NO. /3 Increase %7@ ORSAT
I 2, 0
Final Weight gfj;.z/ 0, 26,0
IMPINGER Initial Weight -~ '
I NO. &> Increase 8/ 2. /3 0, 6.2
. . co =
FILTER NO. Final Weight - =2 £ —_—
' NG, Initial Weight 6? g
—_—— Part. Catch . 2-':239 Ny .
I -op gD
SOLID WEIGHT GAIN
BEAKER Initial Neight/%g lc ——
NO. 25 Increase x2:-66/% BEAKER 2
22 __ » Pog3 -—_
BEAKER 3
,!\ f. Final Weight 734/, oczon AK —_—
g BEAKER Initial Weight BEAKER 4
,I/ NO. &g Increase X0, G735 — -_—
IReg Al cogp Lo
: FT ' -
Final Weight %—-‘—3—9—-———#
BEAKER Initial Weight 3 /9
NO, Increase —_——
1 Cop o ZBxg
BEAKEE)q Final Weight 5=y T3 erp W36 G 7
NO. Initial Weight,
I PROBE WASII Increase —;_g-gg;
530
Moisture Content: Sample Vol.59-175 ft.3 X 46g + 7 X 28.3 L/ft.3=/535 L Dry Gas
I 460 + Meter
(532¢) Temp.
Water 474.77
. . tal = =2/ 7/ L
_ I Weight gm. x 24.1 L = 636 L H,0 Vapor Tota
18 gm, . mol. - 636
mol, ‘ 1,0 Vol. L 100 = 29 %
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IMPINGER
NO. 2N

IMPINGER

NO. - oz

IMPINGER

NO. }]

IMPINGER
NO. 2%

E)
,rlc MBYTFILTER NoO,

# 42

BEAKER

NO. 0

BEAKER
NO. 3¢

BEAKER
NO.

. BEAKER
NO. 3.2

PROBE WASH!
e

Moisture Content:

Water
HWeight 397. ‘?gm. X
18 gm.
mol,

a0, 7

FPR. nPUT

PARTICULATE & WATER CATCH

Final Weight /3. /0 WATER WEIGHT GAIN

IMPINGER 1 /77. 69

Initial Weight
Increase \5@'¢I

Final Weight 717‘ f /7

IMPINGER 2 / 78,13

nal . IMPINGER 3 = /. 25
Initial welgh2\55%%9
Increase r O
LA IMPINGER 4._o20_"73
Final Weight _ 45748 TOTAL 397 Sc
Initial Weight
Increase .23 ORSAT
o, KR7.0
Final Weight $1 7 C?S 2
Initial Weight 4
Increase 7 22 Dl 0, 7.0
a N CO =
Final Weight 4.4 &8 <L
Initial Weight
Part. Catch 67 3070 NZ &9 . ©
=7 3L«
SOLID WEIGHT GAIN
l;ip:} ll'le‘igl}th /LS. o B L BEAKER 1
nitial Weight .
Increase /-@—'—2/9\5—‘3 BEAKER 2
S ORG
) ] BEAKER 3
Final Weight (S TCC3
Initial Weight/mz 276, ° %), 2C/uBEAKER 4
fnerease 086y OFh. __/S80
7.5/ 9%

Final Weight
Initial Weight

Increase

D —

/5T

Q%%.?oa—?

Final Weight ¢\ 2825
Initial Weight, _ )
Increase /\é.l-_.7=;'_‘.-‘ 2
330 (530 X
Sample Vol.#6./0ft,3 x 460 « 70 X 28.3 L/£t.3=/2A 73 L Dry Gas
460 + Meter
QS&Q)Temp.
/£05
u L
24.1 L =53 1 H,0 Vapor otal =
- mol, -
Total /565 .
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_ PARTICULATE § WATER CATCH —_—
I Final Weight WATER WEIGHT GAIN IMPINGER 1
' IMPINGER Initial Weigh
- Increase X84
l IMPINGER 2
Final h'eight IMPINGER
I IMPINGER Initial Weight v p——
NO. S Increase &5-4/440/
MPINGER 4 .
l Final Weight
IMPINGER Initial Weight . TOTAL
l NO. @Z Increase 4\3§Q3 ORSAT
Final Weight €02 2 7.0
' IMPINGER Initial Weighit _
NO. (3D Increase ) /) 0, 4.0
. . Cco -—
FILTER NO. Final Weight _—
. 4 Initial Weight ' C
l Part. Catch N, 7.0
SOLID WEIGHT GAIN
l Final Weight BEAKER 1
BEAKER Initial Weight
l NO. Increase — BEAKER 2
Final Weight BEAKER 3 ———
NO. Increase — [
TOTAL
I Final Weight
BEAKER Initial Weight
NO. Increase ——
BEAKER Final Weight
NO. Initial Weight
I PROBE WASH Increase —_—
Moisture Content: Sample Vol. ft.3 x 460 + 70 X 28,3 L/ft.3= L Dry Gas
l 460 + Meter
Temp.
Water
. = L
' Weight gm. x 24,1 L = L H,0 Vapor Total
18 gm, mol.
mol. ”20 VOl. t % 100 = f-}o
I Total
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PPR. (WpuT

RUN NO.
PARTICULATE § WATER CATCH

Final Weight _766.73  waTer wetGHT GAIN IMPINGER 1 409, 74
IMPINGER Initial Weight ¢ Gz

NO. Increase

Final Weight 5,53 (‘7‘
IMPINGER Initial Weight _ ,
NO. gﬁg Increase @/é %75

Final Weight 4}'0 66

IMPINGER 2 6. £/
IMPINGER 3 _ 2. 80
IMPINGER 4 <20, 6~

TOTAL 440.0

IMPINGER Initial Weight ™ — '
No.¢3G Increase &L, 5¢ ORSAT
22,
Final Weight _9/9. 7/ | ' Co; =%=X.57

IMPINGER Initial Weight

NO. KD Increase 72?0? 0, __/'L7
M&LE 7 © -

FEESER NO. Final Weight /7 &4 £¢

7 3 Initial Wemht :
g3 Part, Catch %% /7 </ N, 70.1
AC. 8

SOLID WEIGHT GAIN

Final Weight /¢, . 2.5

B Initial Weight BEAKER 1 —_———
EAKER Increase 24 /C[é. 90957 /4;. 26.33%&
NOo. 23 a —, BEAKER 2
N4 RN ﬁ% . /152 EE—
. ~ ©¢t9,, BEAKER 3
Final Weight /<. _57,;1.7 b —_—
BEAKER Initial Weight 1
NO. 3';{ Increase /4e S28Y 7&&&%-"/{7}’ BEAKER 4 —_—
R V74 TOTAL
Final Weight
BEAKER Initial Weight
NO. Increase —_—
BEAKER Final Weight
NO. Initial Weight
PROBE WASIH Increase
(530)

Moisture Content: Sample Vol.%J-R3 £¢.3 x 460™ %0  x 28.3 L/ft.5= /26 L Dry Gas
460 + Meter :

(5‘&9) Temp.,
Water i /5/5
18 gm. mol,
mol . 0 Vol. JETL . 100 . 32 =

Total /§/J L
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RUN No. /& 37\74-0(

PARTICULATE & WATER CATCH

Final Weight 772, 87  wATER WEIGHT GAIN IMPINGER 1 /8. 99
IMPINGER Initial Weight
NO. 3 Increase ﬁiqg

I IMPINGER 2 /. 04

Final Weight 543 447 .
IMPINGER Initial “.eight——!f IMPINGER 3 /.49
No. B Increase . &

IMPINGER 4 37 90

‘“p Final Weight é 53 . TOTAL 458. g
MPINGER i ti

Initial Weight —

N0, <3 Increase L) 23S ORSAT

Final Weight _ £50 30z €0,

IMPINGER Initial Weight

&)
L
o

NO. T2 Increase 8/4[4,[(4 02 Y%
FrereR 0 —
'*FEF%R NO, Final Weight 27 C
. # gmn 5 Initial Weight '
Part. Catch _}ﬁgc N, Zo./
I coRID
SOLIN WEIGHT GAIN
| Final Weight _ /2 F237 BEAKER 1
BGAKER Initial Weight Ly [ —
NO. 013 Increase _-LC)‘.76’ E’4- o&?a BEAKER 2
J Pl - ©9¢  sEaxer 3
.l// Final Weight /UZ YU Se ‘—____"_Os*c,@ —_—_—
BEAKER Initial Weight /¢g Y220 BEAKER 4
NO., 24 Increase : 05-7 9767 2L ’ I ——
' e /S /S TOTAL

Final Weight
BEAKER Initial Weight

NO. Increase —_—

BEAKER Final Weight /% Qs
NO. 20 Initial Weight
v"}’)c
({302 s, Iyyg
Moisture Content: Sample Vol., 57. 0/ £t.3 x 460 + 70 X 28,3 L/ft,”= L Dry Gas
O + Meter :
£2)Temp.
Water Q100
h’elght¢g? . X 24,1 L = 654’ L HZO Vapor Total L

RN _g_"}_- mol,

ool 1,0 Vol, €54 1, x 100 = 3/

Total 00 L .

-

l PROBE WASH Increase IMA D) Ay
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RUN NO 7/ FPR. tpvr=
PARTICULATE & WATER CATCHH

Final Weight Z&!. 22 WATER WEIGHT GAIN IMPINGER 1 </87 79

IMPINGER Initial h’eight\g—-ﬁ(% | /ANYZ

NO. </ I :
=/ Ncrease IMPINGER 2 2.97

Final Weight 558 97
IMPINGER Initial Weight ,
NO. <N Increase NGO Y W)

IMPINGER 3 /. §5

IMPINGER 4 /&.§

Final Weigh el 2002
IMPINGER ieial Wi —é{i 7 TOTAL 439.%

Initial Weight

NO, ‘%_3 Increase LLLSL, &,[;[

&

ORSAT
' 22 .0
Final Weight J=Y.& 3 €02
IMPINGER Initial Weight _
NO. e Increase 5/0 %/ 0, §.0
s . Co —
i - Final Weight 75-_3'75—/ '
#* 4Lq Initial Weight
Part. Catch BR. 631 N, /0,0
2.5 G LB L
SOLID WEIGHT GAIN
Final Weight T RASE BEAKER 1

BEAKER Initial Weight C%i/z. - -QJ-‘?;Z_S%
NO. & Increase Le-95 7% 22 56 BEAKER 2
: =, ;‘6; B , ;;/é.B

Final Weight /9. 723.3 7;7&'{ %.5W7BEAKER 3

BEAKER Initial Weight BEAKER 4
NO. :Z Increase -/L?—L-S—OG7 i

S ES TOTAL
Final Weight

BEAKER Initial Weight
NO. Increase —_—

BEAKER Final Weight
NO. Initial Weight
PROBE WASII Increase ER——

(5‘30) 3
Moisture Content: Sample Vol, 41 fe.3 x 460 + 70 X 28.3 L/ft.%= 1160 Dry Gas

460 + Meter

(53o)Temp.
Water ] e
weight‘?j?‘qg%'n. X 24,1 1, = 5gg L Hzo Vapor Total / L
18 gm. _Tol.
wol. . H,0 vo1. 5§ t <100 = 33 %
Total (7472 )
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IMPINGER __
NOo. <£S

IMPINGE
0. Pc

IMPINGER

NO. <2

Noplvikgg’

FILTER NO.

* 6

BEAKER
NO. /4

BEAKER
NO. /5

BEAKER
NO,

BEAKER
NO.
PROBE WASII

Moisture Content:

Water467 r

Weight

18 EE

RIN NO. /) <§7n‘*€)

PARTICULATE & WATER CATCH

Final Weight _ & 45 ST wATER WEIGHT GAIN

Initial Welght
Increase @ 7¢

Final Weight 523. Yo

Initial Weight

Increase Q;Eis;g 45'7

Final Weight :2 iz
Initial helgh 579
Increase 4{{3%;
II‘lnal ‘;e‘lﬂht! z .50
nitial Weight
&'QS

Increase

Final Weight _, $3/,

Initial Weight —

Part. Catch KL£32
.87

F3
SOLID WEIGHT GAIN

Final Weight /94/.4J7/5”‘

Initial Weight
Increase 184, 33¢s
OV85>

/L. b b S;%fy

7‘_:?;4 0753
« OR 0 '.2_

Final Weight L c:cp

Initial Weight .
Increase

. O350

Final Weight
Initial Weight

Increase

r——re

BEAKER 2
BEAKER 3

L. bctrn To7  ROTS BEAKER 4

IMPINGER 1

IMPINGER 2

IMPINGER 3

IMPINGER 4

TOTAL
ORSAT

co,

0

8]

co

N2

BEAKER 1

TOTAL

J25, 78

_99.73
R.79
28.55

467.05

0
L
o

o
o

o
o

Final Weight B, R8sy
Initial Weight
Increase -&—fa/g g;
' 530
Sample Vol. 4% 4823 £e.3 & 468’ 7% X 28.3 L/ft.3= /36Q | pry Gas
46g + Meter .
OTemp.
=/787 L
X 24,1 L = 635 1 5,0 Vapor Total
mol.
11,0 Vo1.__§2§:{ 100 = 3/ &
Total /387
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IMPINGER

NO. <Lz

IMPINGER

NO. B

IMPINGER
NO., S/

IMPINGER
NO. ~5225

IMBLE priTen NO.

# g

BEAKER
No. /6

BEAKER

NO. /2

PPR. i PuT
RUN NO. /=

PARTICULATE & WATER CATCH

Final Weight _ & 9 & €4 waTER WEIGHT GaIn
Initial We1ght\54/a o3

Increase

IMPINGER 1355 . 053.59

IMPINGER 2 .37
Final Weight

_553.6¢
Initial Weight _
Increase 65/.&7

IMPINGER 3 &, / 2

IMPINGER 4. /&. 33
Final Weight ¥ ¥&.[J7

Initial Weight

TotaL 376 .43

Increase LU0 7‘5 ORSAT

Final Weight J/7. 37 o, Xd¢.0

Initial Weight .

Increase /7 OgL 0, 7. 6

Co -—

Final l\'elght Gz GL SO . ) —_—

Initial Weight :

Part. Catch KK R 3y N, £y
RS, 23/ 5

SOLID WEIGHT GAIN

Final Weight _/y~/ /5o Ot 28739 BEAKER 1

Initial Weight S/ e

Increase LZ. /i}:; _____*/%%) BEAKER 2
Toe. ~ H¢ ./ BEAKER 3

Final Weight /¢ 3 sz~

Initial Welgh/¢5 /3. G/ ,

BEAKER 4
Increase
« S LLy

i

TOTAL
Final Weight

BEAKER Initial Weight
NO. Increase
BEAKER Final Weight
NO. Initial Weight
PROBE WASH Increase ——
(539)
Moisture Content: Sample Vol.‘gi 2AC £1.3 x 460 + 70 X 28.3 L/ft.5= f/O‘?L Dry Gas
460 + Mcter
(53,) Temp.
Water /6/3
: = I.
Welght376 ‘Igm X 24.1 L = 504 L 11,0 Vapor Total =/©/J3)
T 18 gm. - mol, ) -
mol. : I,y Vol. Soy L x 100 = 3/ 5

Total /613 L
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B R N B BN B = i- I BE BN mE IR BN BN BN BN N BN

IMPINGER
NO.

IMPINGER
NO. \S¢/

IMPINGER

NO. &%

IMPINGER

No. 52

FILTER NO,

g

BEAKER Ztbny,_

NO. 22

BEAKER

NO._ 1~

BEAKER
NO.

BEAKER
NO. &7

PROBE WASIH
=

Moisture Content:

Water
Weightmfe' Yggm.
18

213
:‘3.?

X

RUN NO. /%

PARTICULATE § WATER CATCH

Final Weight §J97.73

WATER WEIGHT GAIN

Initial Weigh:tggﬁ .07’

Increase

Final Weight §6/.2 . 32\

Initial Weight

Increase Sé(_/ &
¢I3 . 0

Final Weight

Initial Weight‘9£
L3773

Increase
Final Weight g 56- /6
Initial Weight 8;

Increase
Final Weight & Jog™
Initial Weight
Part. Catch .5¢35
P27
SOLID WEIGHT GAIN

Final Weight /%45, o/
Initial Weighg,
Increase

. OLDy

Tl ORT7D
KTl (i, . /903
LTG5

S72ck

IMPINGER 1 3% 7. £4
IMPINGER 2 _&&. 32
nemer 3 /3. 28

IMPINGER 4 35 .72

TOTAL e 6.96
ORSAT
co, 2% 0
0, 7.6

co —
N, 68.%

BEAKER 1

BEAKER 2

— T ——BEAKER 3

Final Weight ,¢R. 273> To75). &l o D

Initial Weigh
Increase

" %g. £303
VESY

Final Weight
Initial Weight

Increase

Final Weight /35,70
Initial Weight -
Increase /&—2'-15—’5-.-37

/5903 C5-
30)
sample Vol.%7-23 £¢.3 x 460 + 70

460 + Meter
(53() Temp.

24.1L___ = 59% 1 1,0 vapor
mol.

598 1,

1.0 Vol
2 P %
1452 L

Total

e —

BEAKER 4

TOTAL

X 28,3 L/ft.3= /354 1 pry cas

Total =/9532,

100 = J0

D ——

o
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RUN NO. 75
PARTICULATE § WATER CATCH

Final Weight o 7‘{ 9! WATER WEIGHT GAIN

IMPINGER Initial We1g‘nt
NO._ 57 Increase S22 5L

Final Weight 2$%86, QL{

IMPINGER Initial I\elght

NO., (5F Increase Q )L,L
- Final Weight ¢J7 96
IMPINGER Initial WeighT

NO._(S5T Increase 4 E
Final Weight XZJ‘ 3

IMPINGER Initial Weight

NO. & Increase 5 S(aﬁ

MBLE m NO. Final Weight 72.034/(.
j/ Initial Weight __ _

Part. Catch 47,5%?‘/

RE. G505
SOLID WEIGHT GAIN

i
i
i
i
i
1
i
i
4

Final Weight U2 5529 25 /.50 .5

BEAKER Initial l\'elght ’
NO. {Z Increase és-@ & 7. 7
32 LG g TAN
l AR S
Final Weight 1¢43.7369
BEAKER Initial nghts45 £ /o ‘?z,oa}
NO, /2 Increase 5~
/RS
Final Weight
BEAKER Initial Weight
NO. Increase
BEAKER Final Weight =// 0. LCSP
NO. 23 - Initial Welgh
PROBE WASII Increase &37
» &679

(.‘»'30}

4060 + Meter
(? 2 Jremp.

Water
Weight'377%m x24,1 L - 532 H,0 Vapor

I SN AN SN B Bm MEm AW S

18 gm., mol. H,0 Vol,
" mol, 2
Total

PR tpuT

IMPINGER 1 372. 05

IMPINGER 2 S+ 70

IMPINGER 3 oL ./ V7

IMPINGER 4 [ 9.7 7

ToTAL 397 69

ORSAT

AL o
0, 6%

BEAKER 1
BEAKER 2
BEAKER 3
BEAKER 4

D —— —

TOTAL

A ———————

Moisture Content: Sample Vo1.49. 3%y £t.3 x 460 + 70 X 28.3 L/£e.3= 11377 | Dry Gas

Total = /66? L

53"2]': x 100 = 3R 3
/669

iy,
/

Lo
I8
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RUN NO. /&
PARTICULATE § WATER CATCH

Final Weight 973 /2 WATER WEIGHT GAIN

wpinger 1990, 39

IMPINGER Initial Weight =
1 QQ_L’? .
NO. &/ Increase 9[' IMPINGER 2 —&0 .70
Final Weight _J F0./3 IMPINGER 3 3. 64
IMPIN?EB Initial Weight
NO, Increase 0.
~e2 2053 IMPINGER 4. 40.0.2
Final Weight 87/ yv TOTAL 44 3.34
IMPINGER Initial Weight ‘ —
NO. &£ Increase <LYLL D5 ORSAT
21, 0
Final Weight fY 7. 74 O = 7
IMPINGER Initial leight .
NO. ég Increase 50 Z ;5 05 £.7
L/
FILTER NO. Final Weight S5 3¢z 0 </
F# 5 Initial Weight
Part. Catch .Z?éfjf?D N, 2R
CORRBE o
SOLID WEIGHT GAIN
BEAKER Initial Weight 95‘ -
NO. / Incrcase /s—t-é.-'_.é._‘% _g . BEAKER 2
15 e s _
Lol B
Final Weight /442.7/8579 ; ‘;; ‘Z EAKER S
NO, ¢ Z Increase —_— 2 7 s. 7 —
/334 TOTAL

Final Weight

BEAKER Initial Weight
NO. Increase —_—
BEAKER Final Weight //{ < 9%~
NO. Initial Weigh} PR
PROBE WASHI Increase ARt
P O3 Z
s (539 5
Moisture Content: Sample Vol.%6.73 .3 x 4507+ 70 X 28.3 1/ft.3= /322 L Dry Gas
4060 + Meter
: (SBO)Temp.
Water
R LE = 1978
Wclght (/ 3g‘{l'l. x 24,1 L = 5q3 L ”20 Vapor Total L
18 gm, mol,
el 1,0 Vol. _J93L _ o0 31

Total (98 L
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RUN NO. s PPR. iniPuT
PARTICULATE § WATER CATCH
Final Weight 732 . %P \uater wercst GAIN IMPINGER 1| 26/ 88

IMPINGER  Initial Weight = Z90.¢
NO._ £ S Increase _ IMPINGER 2 /oJ, &F

Final Weight é /7. §L
IMPINGER Initial Weigh

: IMPINGER 3 = .0l
NO. Cwg Increase 57/,§¢

IMPINGER 4 /6.7

: Final Weight 41416 70 TOTAL L/%, 3o
IMPINGER Initial Weight . R
NO. 62 Increase 44[(/- gg ORSAT
Final Weight 339 9¢ 0 6.0
IMPINGER Initial Weight
NO. (g Increase 522_&9 0, 7.2,
LE ' | o 0.0/
mé T@R NO. Final Weight &/. 9853~ co 27
29 Initial Weight__, — _
Part., Catch 3@-___/_/_{—5 Ny f_{_‘z_
S BB LD
SOLID WEIGHT GAIN
Initial Wi e o 25, B8 moacn
BEAKER 24
oL /7
NO. 20 Increase ——*-f;-é_;é ?-Z,./a/ BEAKER 2
BE R
!&/ _ Final Weight /959 35-52)5' ‘}W-? BAKER 3
BEAKER Initial Weight e - :AKER
I NO. .lgﬁ Increase /W‘Q 7s —)'7,77).?’ BEAKER 4
TR TOTAL
. Final Weight
BEAKER Initial Weight —
NO. Increase _—
I BEAKER Final Weight /%). 2239
NO. Initial Weight
I PROBE WASII Increase / "‘—4-:—;—%‘?‘}3
- ' 530)
Moisture Content: Sample Vol.""{fQC ft.3 x 460C+ 70 X 28.3 L/ft. 3= /R4S Dry Gas
' 460 + Meter
(.5'.33) Temp.
l Neight gm, x 24.1 L = é5/ L H,0 Vapor :
8 .
! ﬁ%‘-l mol. 1,0 Vol. 6571 < 100 = 34 %
I ‘o Total ~ /§76 - S—
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IMPINGER
NO.

IMPINGER

NO. ch

IMPINGER
NO.__ "7/

IMPINGER

NO, 123{

FILTER NO.

*7

BEAKER

NO.:%Z

BEAKtE i

NO. 2

BEAKER
NO.

BEM\EE3

. PROBE WASH

Moisture Content:

Water
Welght4?{07gm x
18 | Egm.

mol.

RUN NO. ./%g

PARTICULATE & WATER CATCH

Final Weight 776 &

WATER WEIGHT GAIN

Initial Weigh%' -3?

Increase

Final Weight 642 .28
Initial helght
5&7.75

Increase
€>619 oo

S58 Suc

Final Weight
Initial weight .
Increase

£03.¢3

33.3

T3¢

Final Weight
Initial Weight _
Increase

Final Weight
Initial Weight — _

Part. Catch 2335:257
-y
SOLID WEIGHT GAIN
Final Weight /4(9-’ 3}513 /¢ /
Initial Weigh '
Increase }4% 2&oD 54:!&
©OSED IS oS
£5.C
Final Weight /¢y, / 5’3\
Initial Ne1gh -_ﬂ_____;2£_~
Increase }4 /‘246 Nt O
« &STS
Final Weight
Initial Weight
Increase —_—
Final Weight /%, /ol
Initial h’eigh}l% 08 Ly
Increase —-'-'-33%%
(Btgq)
Sample Vol. #6.4/¢¢.3 x 460 + 70
0 + Meter
65’3!) Temp.
24.1 L = 65/ L H,0 Vapor
. mol. 1,0 Vol.
Total

S 72

IMPINGER 1 PPt . R4
/R4 &

IMPINGER 3 [ -/r

IMPINGER 4 220. 20

IMPINGER 2

TOTAL 48¢ .07
ORSAT
co, 6.0
0, 72
Co 0.0/
N, 66,8
BEAKER 1
BEAKER 2
BEAKER 3 _
BEAKER 4
TOTAL

X 28.3 L/ft.3= /3721 pry Gas

Total = /76‘&!‘

6s/tx 100 = 33 4
/763
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IMPINGER

NO., 23

IMPINGER

NO. L

IMPINGER

NO. 325

IMPINGER

NO. &

TI“""'BC'F%-&T-Eﬁ-NO .
# A€

I BEAKER

NO. 3
o
o’

NO. J4

BEAKER
NO.

BEAKER
NO.
PROBE WASIHI

Moisture Content:

Water
WeightJ?/7%m. «
18 gm.
mol,

RUN NO. /7

PARTICULATE § WATER CATCH

Final Weight _ 9/d~ £9 WATER WEIGHT GAIN

Initial h’eight\ﬁ:s-—o?' /0
Increase -

Final Weight 9579 .0p
Initial Weight —
Increase &51913

Final Weight 4/9’9? 36
Initial Weight
L]0, &

Increase

Final Weight S0 Y4

Initial Weight
Increase 7 . 07

Final Weight /. &Gng

Initial Weight -
Part. Catch ¥#$453/¢£
P /’E5G8
SOLID WEIGHT GAIN

Final Weight /3, 394¢7 20 /59 ¢
nitial Weig
Increase }/J ‘ ;;7.; 3872 3:
[} 2 .
y 4> L3¢ . )
Final Weight &L/, 4
Initial Weight = %, . <VF1357.%
Increase /(/L}.;') =4
., B2461)
Final Weight
Initial Weight
Increase —_—
Final Weight /(22 5803
nitial Weight
Increase /'@—2,0772%_

53¢
Sample Vo1.36-09 £¢.3 x 460 = 40

460 + Meter

PPR. INPUT

npixcer 1 3 65.79
IMPINGER 2 /3.5 7

IMPINGER 3 _ /- 447

IMPINGER 4 /8. ¥ 7

ToTAL  ~397. 32
ORSAT
co, 20
02 7, (s}
co 0.15
N2 63 e
BEAKER 1
BEAKER 2
BEAKER 3
BEAKER 4
TOTAL

e e m——

X 28,3 L/ft.3= /070 |, Dry Gas

CS.SQ) Temp.
= 160,
24.1 L = 5324 11,0 vapor Total
1.
mo H,0 Vol. -53&«t < 100 = I3 ¢
Total /7602
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IMPINGER

NO. 2 )

IMPINGER

NO. '75

IMPINGER

NO. '72

IMPINGER
No. Ko

FILTER NO,
[O

BEAKER
NO.

BEAKER

No. /7

BEAKER
NO.

BEAKER
NO. R/
PROBE WASH

Moisture Content:

Neight

Water 4‘3.3gm
18 an.

mol,

RUN NO. =

PARTICULATE & WATER CATCH

Final Weight _ 94 72
Initial Weight‘6¢5 2%

Increase

Final Weight _ o Z. fé

Initial Weight

S7T4C¢
1MPINGER 1375 G4

DIPINGER 2 R4 65

WATER WEIGHT GAIN

IMPINGER 3 5. //

Increase 5799’2
/ IMPINGER 4 30 . £
Final Weight 4’.]—9--3-53- TOTAL 63 30
Initial Weight _ 4"‘_"—'
Increase LLLE L) ORSAT
0 ‘A
Final Weight Xjr‘?j €02 _eg"‘i
Initial Weight _
Increase 50_5./3 0, 7.0
o 0.85
Firal Weight _ / gezp 2 ERR—
Initial Weight
Part, Catch BS B35 N, 6g¢ o
/LB
SOLID WEIGHT GAIN
Fil:lal l\'eig}‘lt /7 2_@3;;: /%3. }( BEAKER i
Inltlfll Nelght//‘. G54 P Ay Y4
Increase —_ —_— BEAKER 2
c @353 / '75.9.3 —_—
S 3
- BEAKER 3
Final Weight // 7. SiL>y EYAR W —
Initial Weight — o Y = BEAKER 4
Increase //—7-;5:3 -1 "’u' s ’ . T
s 2 TOTAL
Final Weight
Initial Weight
Increase —_—
Final Weight /Zm §75 2,
Initial Weight,
Increase /L. é;:f,
- 927
J3o
sample Vol.40"39£¢.3 x 450 270 28.3 1/£t.3= /277 L bry Gas
60 + Meter
6535_')Temp.
Total /8971
x 24.11L = 620 L H,0 Vapor ota E—

. mol.

1,0 Vol. 6'%1[: x 100 = 32 5
Total /§£97 .
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IMPINGER

NO. Eg /

IMPINGE
NO. 2

IMPINGER

NOo. &2

IMPINGER

NO. 5'u4

FILTER NO.

/2

BEAKER

NO.EQﬁ"

BEAKER
NO.

BEAKER
NO.

BEAKER
Nol
PROBE WASIH

Moisture Content:

Water '
Weighféé/g‘gm. X
18 gm,
mol.

RUN NO. &2/
PARTICULATE § WATER CATCH

Final Weight $44> €%  WATER WEIGHT GAIN

Initial We).ghté— L, Ly

Increase

Final Weight Cé_«}.zyg/
Initial Weight -
\E ¥ o

Increase

Final Weight SO LD
Initial Weight

Increase LLT ol
Final Weight 5@:23/
Initial Weight —
Increase 7So. 78
Final Weight R\ eor
Initial Weight -
Part. Catch FED L

, S B

SOLID WEIGHT GAIN

Final Weight / K¢ (o5 54

Initial Weight™ _ O30
Increase /}écir_.__ém S Oy

I Tz,
Final Weight -2

Initial Weight
Increase

AR
;a~/A_§F

Final Weight
Initial Weight

Increase

Final Weight /949.2?5fﬁ4

Initial Weight
Increase /152*252435
o/ —
, T
Sample Vol A2 3¢ £t.3 x 460 + 70

460 + Meter
«& 2 QTemp.

24,1 L = %/ L Hzo Vapor
5mol.

Total

”20 Vol,

—p————

Ep 38 L

e

IMPINGER 1225 /. &
IMPINGER 2 /@K 0%
IMPINGER 3 22 </

IMPINGER 4.. /(.S e.

e ———

TOTAL LS, ey
ORSAT
o, %.5
0, G.o&£
co O 0.2
N, &7y
BEAKER 1
BEAKER 2
BEAKER 3
BEAKER 4
TOTAL

e ——————.

X 28.3 L/ft.3= /40D L Dry Gas

Total =223 7/L

x 100 = 275 %

=&/ L
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RUN NO. o3

PARTICULATE & WATER CATCH

Final Weight <706. 82  WATER WEIGHT GAILN

IMPINGER Initial Weight 5627 44
NO. gz : Increase

Final Weight b?@.é\"‘

Initial Weight 532 .09
Increase )

IMPINGER
NO. 20

Final Weight %7{ //

IMPINGER

Initial Weight I
NO. G/ Increase “I7 £5
Final Weight 43 2D
IMPINGER Initial Weight 8l IT
NO. Z,L/ Increase '
FILTER NO. Final Weight Jo Cof
Initial Weight
/3 Part. Catch . g£7g
Ry A
SOLID WEIGHT GAIN
Final Weight /& 2A2g¢
BEA Initial Weight = . . OS5 8L
NO.@Z ¢( Increase PY /SR, O HKST
- =
22 St 2
a 3 f— /, ->...-'b
Final Weight /9!&_2.339 N
BE Initial Weight o WAE -
NO. /&A Increase Y2221 ;
2S5O
Final Weight
BEAKER Initial Weight
NO, Increase —_—
BE/@( 55 Final Weight /¢/G2 o7
NO 2 Initial Weight
PROBE WASH .  Increase /—‘4/'—5 ;:f;
(530)

Moisture Content: Sample Vo1.50.04 ft.3 x 460 + 70
60 + Meter

varan 496.9 c5 S remp.
fater vy
Weight ¥ "om, x 24,1 L = €T H,0 Vapor
18 gm, mol.
mol,

Total

€52
1,0 Vol. =679 L 00 . 34. 4

frer

IMPINGER 1 58, 04/’

IMPINGER 2 _57. 54
/. RXE

—— e

IMPINGER 4 2§.67
45557
TOTAL 42D :51,

IMPINGER 3

ORSAT 486 .9L

o, A /-D
0, .2
co -

BEAKER 1
BEAKER 2
BEAKER 3

BEAKER 4

——ee— i

TOTAL

et

X 28.3 L/ft.3= /4201 Dry Gas

Q072
=23,

Total

L

267
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IMPINGER

NO. 2 7

IMPINGE

NO. &

IMPINGER

NO. gf

IMPINGER
NO. /CO

FILTER NO.
/4L

ER

BEAKER
NO,

:;ggAiER
4
ROBE WASH

Moisture Content:

Water ‘
Wcightéégzggm. X
18 gm.
mol,

RUN NO, 25
PARTICULATE § WATER CATCH

Final Weight 2{51f2575’- WATER WEIGHT GAIN

Initial Weight sS40, 85
Increase —

Final Weight é&éf 3\—7
Initial Weight 554 97
Increase )

Final Weight éézigr

Initial Weight 467, 78
Increase

Final Weight 823533

Initial Weight eI .38

Increase

Final Weight , Feluly
Initial Weight
E36

Part. Catch
SO

SOLID WEIGHT GAIN

Final Weight /¢/, € 365

Initial Weight 75 %)
Increase o~ '{537 o254
. 299
LE22 AR

Final Weight / if_’/’géff D7E /
Initial Weight .

Increase IR 778 4 1A
73/
Final Weight
Initial Weight
Increase —_—
Final Weight //7. 202
Initial Weight//é . Sy
Increase o299
— < Zo
Sample Vor2/7C £¢,3 46€ . 7
460 + Meter
(&3/) Temp.
24,1 L q§5/9 L H,0 Vapor

. mol,

1,0 Vol SAY 1
L

Total ;W/ o

AR

IMPINGER 1<57/2.5
IMPINGER 2 &3
DMPINGER 3 _F. /

IMPINGER 4 5.0

TOTAL o5 2
ORSAT
COZCQ:QC: )
0, G-
o —
N, G7.%
BEAKER 1
BEAKER 2
BEAKER 3
BEAKER 4
TOTAL

e —— e m——

X 28.3 L/ft.3="KC, Dry Gas

Total ==%/0 |,

x 100 &211 %







Interoffice Memo

ﬁ? LONE STAR IMNDUSTRIES, INC.

P. O. Box 2148, Houston, Texas 77001

Originating Office: Central Research Laboratory

Date:  April 15, 1977
PERSONAL & BUSINESS CONFIDENTIAL
TO: > PP
FROM: W. W. Hurst
SUBJECT: Emission Testing at Greencastle - 1977 Scope of Work
CC: C. D. Fehnel

S. S. Fritts~"
C. W. Moore °

C. A. Buckelew
G. Thomas

Your request for work activity in the field of Emission Testing
in herein acknowledged and the following program is offered for your con-
sideration and approval.

1. Testing objective is to furnish Greencastle group, as well
as, the Corporate group, source emission data generated by procedures, test-
ing equipment, and methods acceptable to the Indiana Air Pollution Emission
Control Authority.

2. Plans are to leave Houston Monday, May 2, so as to start
testing later in the week (probably on Friday, May 6). We will consider this
period for starting firm unless we hear from you or you hear from us that
rescheduling is necessary. This time of the year, we should not experience
abnormal delays due to weather problems.

3, At the stack, we plan to conduct three individual tests
for both sulfur and particulate emissions with test occurring at different
periods and so that the test for sulfur and for particulates will occur simul-
taneously. During the particulate and SOX runs by EPA Methods, we will monitor
stack for SOX and NOX with our Environmetric equipment. A comparison with
your Envirometric results and EPA results can be developed.

4. A precipitator efficiency evaluation will be made by simul-
taneously testing the precipitator input and stack for particulate emissions,
We recommend this test be conducted at the normal and also excessive insuffla-
tion rates of kiln dust. Each kiln operating mode will be tested three (3)
times per usual,

5. Hi-Vol test will be conducted at property lines as required
and in accordance with data previously collected at property lines.




Mr. C. D. Coppinger - 2 - April 15, 1977

6. Additional tests over and above as outlined in (3-5) will
not be made unless preliminary findings indicate erroneous final results
or specific requests are made by management.

7. Testing time will consume a minimum of 17 - eight hour -
shifts., To set-up, move to new location and gather equipment will require
an additional 7 shifts. In the event we have breakdowns or breakdowns
occur effecting the operation, more time will be required. We can count on
some inclement weather causing lost time.

We plan to work one shift per day on a 2 week cycle so as
to work 8 days, travel 2 and off 4. This plan necessarily means we work
every other weekend which we trust will not create undue hardship from a
scheduling point of view. The tour will likely consume the better part of
2 month and a half overall. Reporting will be within a week after we
receive all results of supporting data.

8. We will need the full time help of 2 plant people. They
do not need to be technical people but willing to learn and physically apt.

9. If there have been no modifications since our last tour, test
ports exist with required support outriggers to handle gear. We do not
need power accessible to test ports since we work via an umbilical cord con-
nected to the Mobile Laboratory. However, we do need a source of 440 volts
A.C., within 100' of Mobile Lab, as it would logically be located with respect
to testing locations, so as to power our whole system. The power facility
should be readily available barring system modification since our last visit.

10, As back-up data and to extend our understanding of product
sulfurization and particulate abatement, we plan to collect samples for analysis
and gather rate data concurrently with testing.

(a) Generally, we will need individual 2 hr. samples of coal
fuel, raw mix kiln feed, clinker and discarded kiln dusfhalong with rate data
of these parameters. As in the past, we will have coal analyzed by an outside
laboratory. Our testing program will provide similar information on kiln exit
gases.

. (b) We would like to start sampling at the time we begin test-
ing and continue until we complete our test.

(¢) Needless to say, we need the best possible rate data., There-
fore, if any preliminary adjustment can be made to improve the accuracy of
measuring quantities of materials involved, we should make these adjustments
before starting the test. We especially need a good handle on the quantity of
kiln dust discarded from system under test.




Mr. C. D. Coppinger -3 - April 15, 1977

(d) Chemically, we will need a sulfur determination on each day's
composites of clinker, raw mix, and dust - along with alkali. A complete
analysis on each weekly composite of clinker, raw mix, and dust should
suffice. A single composite of coal will be sufficient for "ultimate analysis"
(Carbon, Hydrogen, Oxygen, and Sulfur).

All individual samples should be clearly marked with date and
time and saved for possible re-check if final results indicate discrepancy.

(e) Rate data should be recorded on a 2 hr. basis unless the
data is recorded on a chart that can be transcribed at the end of test period.

(f) Manpower needed to sample and record usage rates will be over
and above the people needed for assisting with the emission gas testing.

If there are any questions and/or modifications to the program that
are considered advisable and/or necessary, all concerned are asked to contact
me so that we can finalize the program.

00

WWH/po




Interoffice Memo

STAR [MDIUSTERIES, HC,

&7 E FUE b

One Greenwich Plaza, Greenwich, Connecticut 06830

Originating Office: Greencastle Plant

Dats:  April 18, 1977

#h
File: G -8 -0

TO: w.w/,um{

FROM: C. D. Coppinger

SUBJECT : Emission Testing at Greencastle - 1977 Scope of Work

ce: C. D. Fehnel

. Fritts

. Moore

. Buckelew
. Thomas

[T)E')O
= w

In reply to your April 15th memo on the above subject,
we wish to advise that the program offered looks fine to us, and we

look forward to seeing you at the plant around May 6th.

ooy

CDC:dnb




él (. /:’ ﬂ{@g{ {"\‘é v~ Interoffice Memo
‘?éé:f’llé?ﬁU!E’léiiﬁlli?’ INDUSTRIES, INC.

One Greenwich Plaza, Greenwich, Connecticut 06830

Originating Office: Greencastle Plant

Date:  May 27, 1977 3/3,.

,.! File: G- 8 - Q .
PERSONAL &

BUSINESS CONFIDENTIAL

TO: C. D. qupiﬁéer

FROM: W. W. Hurst

SUBJECT: Emission Testing at Greencastle -

1977 Scope of Work, Revision 1

Qo

C
P rA Prlttszir-_
C. W. Moore
C. A. Buckelew
G. W. Thomas

You will recall that we discussed the advisability of
monitoring the stack for possible variations in both sulfur and par- ;
ticulate emissions, during your planned test program, using waste !
0il as a partial supplement for coal. ‘

No substantial variation is anticipated; however, since :
we are on location and readily available for this work, it seemed the '
proposed monitoring would be in order as a precautionary measure.

Therefore, in addition to the approved work outlined in
my letter of April 15, we will conduct three (3) tess on successive
days, simultaneously measuring sulfur and particulate emissions, un-
less an objection to this plan is forthcoming from the Corporate Group.

All other work previously outlined will proceed accoerding

£,

to plan.

WWH :dnb




Interoffice Memo

'}’TLONE STAR INDUSTRIES, INC.

Originating Office: C&CM Group - Technical

Date:; August 9, 1977

TO: C. D. Coppinger
FROM: G. F. Messinger .

SUBJECT: Sulfur and Particulate Stack Emissions Testing
Greencastle Plant

Enclosed is one (1) copy of each of Bill Hurst's reports on
the Sulfur Dioxide Emission Test and the Particulate Emission Test
conducted at the Greencastle Plant May 8 through June 22, 1977.

The particutate tests look very good from the standpoint of
the ‘Indiana code, which is an extremely lenient code. Compared
to Federal E.P.A. codes, the results are borderline. I have
attached a tabulation comparing the average results of runs 1,

3, and 5 and of runs 21, 23, and 25 against the respective codes.
On an individual run basis, test runs 3, (13 - 14), (19 - 20), 21
and 25 actually exceed the E.P.A. codes.

We would suggest that the reports be treated as internal un-
less specifically requested by jurisdictional authorities and in
this event, we would appreciate the opportunity to review the re-
quest before submission.

Please assign CTR numbers to the reports and advise for our
file references.

; .
. (
b 7, /7 . —
Sk
"7 G."F. Mes¥inger T
GFM/jm] //74 /

ce: Payne, Jr.
Fehnel/M. M. Reid
Moore

Hurst

=00
=00




PARTICULATE EMISSION TESTS

GREENCASTLE PLANT

MAY - JUNE 1977

PARTICULATES
_ RUN NUMBERS
ITEM © 1-3-5 21-23-25

Feed Rate T/Hr. _ 135 138
Fuel Rate  T/Hr. | 18 19
Process Wt. (E.P.A.) T/Hr. 153 157
Slurry Water T/Hr. 65.3 68.6
Process Wt. (Ind.) 218.3 225.6

Allowable Emission Lbs/Hr.

1. E.P.A. (Suggested Existing Sources) 38.7 38.8
2. E.P.A. (New Source Perf. Std.) 40.5 41.4
3. Indiana . 221.6 225.3
Actual Measured Emission Lbs/Hr. 28.7 38.4

1. E=17.31 p(0.16)
P = Process Weight 7> 30 T/Hr.

2. E =0.3 1bs./Hr. for each T/Hr. Kiln Feed (dry).
3. E = 15.0 p(0.5)




Interoffice Memo

\A'LONE STAR INDUSTRIES, INC.

2

TO:
FROM:

SUBJECT:

One Greenwich Plaza, Greenwich, Connecticut 06830

Originating Office: Greencastle Plant
Date:  August 12, 1977
File: G - 8 - Q

G. F. Messinger
F. 5. Anderson

Sulfur & Particulate Stack Emissions Testing -
Greencastle Plant

ce: Ce
C.
W.
w.
C.

D.
w‘
w.
R.
D.

Fehnel/M. M. Reid
Moore

Burst

Payne, Jr.
Coppinger

No Enc.

Per the request included in your memo of
August 9, 1977 to C. D. Coppinger, on the above subject,
we have attached herewith two (2) copies of our "CTRY
page, showing numbers and titles assigned the respective

reports,

Also, since we had previously received and
CTR'd copies of Bill Hurst's Particulate Emissions Report,
we are returning the one (1) copy you sent, for whatever

use you may have.

ESA:dnb e
Enc.




LONE STAR CEMENT

PUR.ORDER

DWG.NO SUBJECT }‘*AFRS.DWG
CTR-C- T —
3010 Greencastle Presentation (Feb. 1566) Book
Evaluaiion of 4 mm. Bbl., Cement Plant
5912 New Plant - Sqil Boring Report (Holes Z1/18) None
5913 " - 25 5910 Group - Soil Boring Report G-R-800-1,
(Holes #19/26}
6223 Kiln Dept. - Stack Emission Study (Nov. 1973) Report
" 6263 " - I (Nov., 1975) "
6264 " - Ambient Air Sampling Survey i
(Dec. 197%)
6301 " - Stack Emission Studv _ (June 1977) ™
6302 Plant Property - Lavout of Water lLines for Fire
6309 Kiln Dept. - Sulfur Dioxide Emissions_Study i

(June 1977)

*-—'IHIHHH




Interoffice Memo

W LONE STAR INDUSTRIES, INC.

Originating Office: C & CM
Date: July 11, 1977
T0: Mike Reid
FROM: Stewart S. Fritts
SUBJECT: Greencastle Plant - Particulate and Sulphur Study

W. W. Hurst Report

A preliminary review of the two reports submitted by Bill Hurst per his
transmittal of July 7, 1977 to C. D. Fehnel raises some pertinent questions
as follows:

1. Fuel Analysis by Pittsburg Testing Laboratory shows BTU value on an "As
Received " basis - which is fine. However, I would have expected the
Ash and thie Moisture Content of the Sample would have been determined sep-
arately and likewise reported. I took the liberty of contacting PPL and =
found that they had run the Moisture and the Ash but failed to record it /-
on the lab sheet. The values are 4.55 and 12.84 respectively. It would ™~
have appeared to me that Bi1l should not have accepted the PPL report
without making the inquiry. A1l that it took was a telephone call to the
Pittsburg Labs. I have inserted the proper values in the PPL Report.

2. Fuel Consumption Calculation - Molal Basis pg 13 shows the Coal Mill Feed
on an "As Used" basis for each of the three sets of runs. These appear to
be correctly identified. However, on pg 10 he shows the analysis for the
three sets of runs on an "As Fed" amd on an "As Used" basis and then proceeds
to make his calculations and material balances using the "As Fed", ‘base. On
pg 15 he attempts to differentiate between Free Water in Coal "As Used" and
Free Water in Coal "As Fed" but I fail to appreciate this approach because :
all of the water that enters the kiln from the coal comes from the coal feeder
and this would represent the total water in the coal and not just the "Free R
Water". This moisture varies from 11.20 % to 12.50 % while the "As Fed" e
moisture which is really the water in the pulverized coal as it enters the s
kiln burner pipe at the hood ( and after it has been partially dried)’ varies
from 5.16 % to 6.09-%. On pg . 14 he reports Distribution of Combustion
and Products on the basis of "As Received", however, I believe we means the
word "As Used" since he takes the analysis from pg. 13. Perhaps his calcu-
lations are entirely valid but it would seem to me he is attempting to mix
"Apples and Oranges" and coming up with "Sour Grapes" and I do not believe
he intends to do that. We have been through this exercise before and I thought
we had it all straightened out. Apparently not.

On the other hand I could hardlyaccept a Water Material balance of 78.72 %
for Runs 1-5 and 82.78 % for Runs 21-25 as being realistically c¢lose ; but
97.58 % for Runs 7-20 is excellent.




3. Summary Schematic Gas Balances pgs. 34, 35 and 36 are fine presentations
but they could be developed more realistically as shown per the attached
fpr pg. 34- Raw Mix should not be tied into Infiltrated Air but should
be shown as an independent addition to the kiln. The attached schematic
would appear to be a great deal more realistic. You will note I have
circled the values that require correction to coincide with the values
outlined in the work sheets pgs. 15 thru 21.

4. In his discussion, Bill appears to be rather optimistic concerning the test
results in relation to the Allowable per the Indiana Regulations. While his
calculations are in Tine I would seriously question resting on our laurels
in so far as EPA is concerned. As you know EPA limits emissions from the
kiln at 0.3 1bs per hour per Ton of Kiln Feed per hour with Fuel excluded
as a part of the kiln feed. This means the allowable would be 40.5 1bs/hr.
for Runs 1 - 5; 37.8 1bs/hr for Runs 7 - 20 and 41.4 1bs/hr. for Runs 21-25.
On the basis of the results reported we do not have much margin for error.

In fact Test Runs 3, (13-14),(17-18), (19-20), 21 and 25 show emission values
that are in excess of the Allowable EPA Regulations.

To date EPA has not raised the issue concerning Cement Plant Regulations in
the State of Indiana mainly because the cement manufacturers have recognized
their obligation and took positive steps to come to grips with the situation.
However, the present Indiana Regulation is so grossly out of line I feel con-
fident in a show down we would have very little room for bargaining power.
Therefore I do not believe we should flaunt our position at Greencastle.
Reporting the facts is fine but making comparisons on the basis of unrealistic
Allowables is another matter.

5. In reviewing the Sulphur Study, I note Bill refers to high ( 1450° F and
16009 F "back-end ")temperatures. I am not too sure what is meant by "back-
end" conditions, If he means the temperature of the load just bel¢w the
chain system then his reading is porbably correct - but he should have iden-
tified the position of the reading in the kiln system.

6. BilTs evaluation of the SOX versus NOX relation may require further study.
As I see it. NOX development is basically a function of flame temperature
and as such is Timited to theavailable 0o within the combustion zone of the
kiln and the amount of excess air within the combustion space will have a
significant influence on the development of NOX. Similarly the sulphur in
the fuel and more especially the mineralized sulphur (Iron pyrites) will
influence the avilability of the 02 to form NOX after the SOX in the combus-
tion zone has been satisfied. In all probability organic sulphur in the
fuel will readily combine with 0p to form S02 and perhaps some SQ3 if there
is .any catalysis present - which there is in the form of water vapor as well
as minor trace elements in the fuel. In the case of sulphur in the raw
kiln feed we have an entirely different relationship - especially in the
long wet kiln. I am not too sure we have very much conversion of sulphur
to S0, from sulphur in the raw mix especially if the sulphur is present as
iron pyrites in which case the conversion from FeSy; passes through the HpS
phase in combination with heat and water vapor as well as residual Oz --if
any is available - and it is highly questionable whether enough would be
available to sustain an oxidizing atmosphere for the conversion of the sul-
phur in FeS, to SOp. As you know the Orsat analysis is at best a very crude
approximation of the actual gaseous condition in a Portland Cement kiln ex-
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haust. It does serve a limited purpose, but - under today's enlightenment
and the need for better energy conservation coupled with a refinement of

the combustion process - we will require more sophisticated analytical equip-
ment to properly delineate the factors that enter the calculations.

As an example, we consider the N, content of the exhaust gas as the differ-
ence between the CO» absorption gy KOH solution plus the 0, absorption by
pyrogallic acid solution plus the CO absorption by the cupperous oxide sol-
ution - but we are never sure that these absorbed products are definite

and singular. With the advent of the NOX and SOX syndrom our confidence
level in the actual chemistry of the kiln exhaust gas is even more disturb-
ing. We could be on the threshold of a major research program that may or
may not be warranted on our part. Perhaps the PCA could get involved.

7. Bill's data relating to Orsat analysis is probably taken at the stack -
although Table XI pg 12 of the sulphur report does not specifically so
state . However, on pg 19 of the same report he refers to "V. Actual Kiln
Exit Gas at Sampling Ports" but since the Sampling Ports are in the Stack
then the Orsat Analysis should refer to Stack Sampling and not Kiln Exit
Gas since the Stack Sampting is influenced by infiltration and Bill notes
the infiltration in his calculations. On the other hand the amount of
Excess Air shown at 34.8 percent on pg. 20 1is hardly represenative because
he is comparing Theoretical Moles from Combustion with Orsat ana1ys1s
of the Stack Gases. Perhaps, I am not understanding his reasoning but on
the face of it a 7.3 % 0, represents a great deal more than 34.8 % Excess
Air; and a rough calcu]a%1on would indicate the value closer to 80 %.
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SULFUR DIOXIDE EMISSIONS TESTING

GREENCASTLE PLANT

MAY 8 - JUNE 22, 1977




Interoffice A'-

'ﬁé,df LONE STAR IUDUSTRIES, [NC.

P. O. Box 2148, Houston, Texas 77001

Originating Office: Central Research Laboratory

Date: ]
July 1, 1977 |
PERSONAL & BUSINESS CONFIDENTIAL }
TO: D. C. Coppinger '
FROM: W. W. Hurst
SUBJECT: Stack Sulfur Emissions.at Greencastle Plant
CC: S. S. Fritts
C. D. Fehnel
C. W. Moore

Stack sulfur emission gases were tested on selected days
between May 8 and June 22. Sulfur level testing included 6 runs on
stack at 2 different production modes. Testing was conducted in
accordance with EPA Method 8 for sulfur evaluation for stationary

sources as given in Fed. Register, Vol. 35, No. 247 dated December
23, 197) and amended June 8, 1976, '

Objectives were:

(1) Determine concentration of stack sulfur emissions.

(2) Evaluate results of EPA Method 8 with Environmetric
results,

Results showed:

(1) Stack total sulfur emission averated 638 lbs/hr. as S0,;
whereas, the allowable limit by the "Process Weight" -
formula is 728 1bs/hr. as SO, or 966 1bs/hr. 502 by the
"Heat Input" formula. (See Tible TIT)

(2) At low sulfur concentrations agreement between the
Environmetric vs. EPA Method 8 was poor. At higher
concentrations, agreement was reasonably good.

Respectfully submitted,

W. W. Hurst, P.E.

WWH/ po
Encl.



TABLE OF CONTENTS

Table I shows the rate at which Sulfur Dioxide is emitted from the
stack for every runyp.1),

Table II shows the process rates during testing period (p,2).

Table III calculates the allowable limit for Sulfur Dioxide

emissions, according to Indiana Air Pollution Control Board. (P+3).

Table IV and V records Sulfur emissions that existed as Sulfur Dioxide

and as Acid Mist (HZSO4) and/or Sulfur Trioxide for each run(p.5).
Table VI itemizes the exhaust gas characteristics(p.7).
Table VII tabulates gas flow rate data(p,8).

Table VIII gives data relative to gas collected during testing and the

parameters nesded to make this information meaningfulfp'g)'
Table IX records coal analysis given by the local plant personnel {p.10)

Table X indicates average chemical characteristics of raw mix feed,

product clinker and waste dust(p.ll).
Table XI shows gas composition, on the dry basis.(p.12).
Table XII shows meterological conditions during testing period (p.13).

Material Balance Sample Calculation for Runs 2 - 6 is presented after
Table XII. The results for both parts (Runs 2 - 6 and Runs 22 - 26)

were calculated by Computer Program and presented following the Sample
Calculation, (pp.14-30).

Appendix:

* % Isokinetic Sample Calculation for stack run No. 2,(p.32).

»

Schematic Diagrams for Material Balances, (p.36).
* Sample Traverse Plans,(p.38).

*

Pittsburgh Testing Laboratery Coal Analysis, (p.40).
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TABLE I

GREENCASTLE g7ack EMISSTIONS SURVEY

§9, _EMISSION RATE

Exhaust Gas ‘ 'S0, Emission Rate
Run No. Te=p. Press. Volune Volume Lbs/Hr, ppm
F ' ”Hg ACFM SCrM (Dry)
A —" By, ————— Aen—
2 333 29.35 232,000 - 152,400 384,24 . 254
4 331 29,41 232,800 153,300 89.27 59
6 334 29.43 223,200 146,500 84,13 58
Ave, 150,700 185,88 123.7
22 308 29,21 249,800 168,300 1083.27 T 649
24 316 29,39 249,900 167,600 925.95 557
26 30S 29.30 248,900 168,900 1259,97 752
Ave. 168,300 108973 652.7
TOTAL AVERAGE 159,500 637.8 388

——

* ppm based on actual wet gas emitted from stack € standard conditions,




TABLE II

GREENCASTLE EMISSION SURVEY

PROCESS RATES, CONSUMPTICH AND PRODUCTION

Type of

Fuel Rate

ame Kiln % Slurry Clinker Dust
Run No. Date (1877) py a1 T/Hr Feed Water Produced Disposed

"As Used" T/Hr T/Hr T/Hr

2 5 -8 Coal 18,5 135 31.1 . 81 . 146
4 5 -8 Coal 18.0 135 33.3 79 .146
6 5 -10 Coal 17.5 135 33.3 79 .146
Ave. 18.0 135 32.6 79.7 .146
22 6 - 20 Coal 18.75 138 33.2 38 .125
24 6 - 21 Coal 18.75 138 33.2 87 .125
26 - 22 Coal 19.50 138 33.3 88 .125
Ave. 19.0 138 33.2 87.7 .125




L]

Weight, we are allowed:

oy’

TABLE III

ALLOWABLE SULFUR DIOXIDE E‘ISSIONS
PER
INDIANA AIR POLLUTION CONTROL BOARD

[ RS

REGULATIONS 5 § 13

In accordanze with Indiana'APQ Board and their definition of Process

Coal - 18,5 T/lr. '
Raw Mix - 136.5 T/Hr. ‘ E
Solids . - §
: ) |
Raw Mix - 66.9 T/lr. ) i
Water

TOTAL  221.9 T/iir.

- Sulfur Dioxide Enmissions:

(1) Based on Process Weight

Ep = 19.5 p°r%7

'Hhere'Ep = paximum allowable S0, emissions in 1bs/lir.

P = process weight in Ton/Hr.

Ep = 19.5 (221.9)%-¢7

(19.5) (37.32)

727.74 1bs/hr. s0,

or

(727.74) (387) (1,000,000) _ . i '
(G0) (647 (139,500) 457.9 ppm SO,




(2) Based on Process leat Input

Ep = 17.0 qn®:%7 /

where Cp = Em X Om

Ep: = naximum allowable sulfur dioxide emissions in pounds per hour.

Em = maximun allowable sulfur dioxide emissions in pounds per
million BTU lleat Input

Q2 = Total Combustion cauipment canac1t) rating, fuel heat

input in million of LTU/Ir .

Table IX shows we used 18.5 T/lir. coal @11,238 BTU/Lb. so that
BTU Input/lir. as millions is:

= (18.5)(2000)(11,238).
Qm 7000, 000 = 415.8 Btu/hr.

17.0 (415.8)%-97

1l

Ep

(17)(56.8) = 965.6 1b/hr. SO,

or (965.6) (387) (1,000,000)
(60)  (64)(159,500)

= 610. 1 pp_rn SOZ*

* ppm based on actual wet. gas emitted from stack @ standard conditions.




TABLE IV ' -
GREENCASTLE pu185icn sTUNY
SULFUR DIONIDE EMISSICH ~ EiA METHID 8 .
1077
(AY Normality of Std. !!2504 ) - 0.010
(B) Mls. Std. 1,50, used - 20.00
(C) Mls. Barium Perchlorate Soln, Req'd. = 20.30
(D) Normality of Ba(CLOi)-SHZO Soln. ~ 0.0095
D) = (A)(B)/(C
(D) = (A (B)/( ) (1) (1)
. Vol, - Vol,
Location (E) (P (G) Gas Ba{CLD
Tot.\Vol. Aliquot Quantity Sampled Soln.”
Peroxide/ titrated Factor ¢ Std.Cond, -+ titrant
S0, ils. Mls, )/ (F) Dry - Cu.Ft. _ Mls.
Stack 350 1 350 52.27 12,10
" : 550 1 550 51,42 1.30
" 655 1 655 45.72 1.25
" 355 1 355 49,23 29.65
" 390 1 390 40.34 20.60
" 390 1 390 52.31 36, 30
(3) (K (L) N BN 6 S0,
Blznk Net Run Conc, S0, Conc.zs Lbs/iir.
Corr, Titrant Constant Lbs/Std? Sulfur Std.Cone,
-Mls, Mls. (7.03X10°%) C.F. Dry Lhs/Std, Dry
(1-9) (mx16-7 (L){X){G) C.F. iry M) (CFH)
G, (0.5) ()
X 10~ 8 X 10-6
0.05 12,05 6.70 54,06 27.03 - 370.20
" 1.25 " 8.96 4.48 60.94
" 1.20 " 11.52 5.76 71.80
" 29.60 : " 143,01 - 71.50 1052.98
" . 20.55 ) t : 133,11 66.55 896,23
" 36.25 " 181.08 . 90.54 1228, 08
o

S e

. —
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I TALLE v
GREENCASTLE - EMISSTOYN STUNY
SULTURIC ACID & SULTUR TRIOXIDE EMISSION- EPA METHOD 8
' 1577
(!’\) ;'\’Ol'mﬂ]it)' of Std, I S0, w 0.010
l (B) Mls, Std. .80, used - 20,00
(C) Mls. Barium“Perchlorate %oln. Req'd, = 20,30
(D) Wormality of Ra (CLS‘s)'BHZO Soln, - 0.0095
l (D) = (A)(B)/(C)
! Location (E) (F) () (1) e
mple Tot.Vol, Aliquot Quantity Vol, Vol. .
No, Alcohol / titrated Factor Gas Samnled Le [CEO__;"
I H.SO Mls. (E)/(F) € Std.Cond. Soln" -
A0, Dry - Cu.ft. titran
. Mls.
Iz Stack 455 1 455 52,27 0.40
4 L 425 " 425 51.42 0.80
l6 " 385 " 385 45.72 0.40
22 " 430 " 430 49,23 0.75
I4 " 530 " 530 40.34 0.55
26 " 610 " 610 52.31 0.65
Sample ) (K) (L) (M) () HySC,;
l. Blank et Run Const, Conc. 11580, Conc.as I:Jf:/ﬂf-\-~
Corr, Titrant (1.08X107%) Lbs/Std.C.F. Sulfuy Std.Cond
-Mls. Mls., (p) X 1076 bry ~ Lbs/Std. dry
E— (1-J) (1) (X) (G) C.F.Dry (M) (CEH]
l () (.327%(14)
_ X 10-6 X107
Iz 0.05 0.35 1.03 3.14° 1.02 21.50
" 0.75 T 6.38 2,08 .43.39
‘ . " 0.35 _ " 3.03 0.99 18,88
22 " 0.70 : " 6.30 2,06 46.38
I " 0.50 " 6.76 2.21 45.51
26 " 0.60 i 7.20 2.35 48,83



TABLE VI

GREENCASTLE EMISSICN STUDY
EXHAUST GAS CHARACTERISTICS
1977

Stack Static
Pitot Temp, % | Gas Gas Gas

Run Tube °R, Water Density Press, Press.
No. Factoy —Is—- in Gas Lbs/Lb-}nle "Her, ”H20
2 .80 793 25 28.38 29.35 -0.53
4 .80 791 26 28.11 29.41 -0.64
6 .80 794 29 28.43 29,43 -0.61
22 .80 768 27 28,57 29,21 -0.60
24 .80 776 33 27.73 29.39 -0.65
26 .80 765 33 27,65 29.30 -0.68




Run
No.

22
24

26

Barometric
Press,''Hzy,
2. 5.

29.39
29,456
29,48
29.26
29.44

29.35

TABLE VIt

CREENCASTLE EMISSTON SUBVEY
EXHAUST GAS FLOW RATE
1977

Stack AP Velocity
Arca Mi,0 Ft./Scc.
Sa.F¢t.
109.5 53 35,37
102.5 .53 35.44
109.5 .51 33.97
109.5 .58 38.03
109.5 .57 38.04
109.5 .57 37.89

Yolunme
ACF3

232,400
232,800
223,200
249,900
249,900

248,900

. Volume

CFH @

29,62 &

70°F. X
100

6.8438
HG.BOL
6.233
7.363
6.733

6.782
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TABLE IX
GREENCASTLE EMISSION SURVEY
PLANT COAL ANALYSIS

1977

Results were recorded based on Coal '"as fed to kiln" and "as used'.,*

H.,O:
V.C.:
F.C.:

Ash:

Btu/Lb:

Run 1 -6 Runs 7 - 20 | Runs 21 - 26
{May 8 - 10) (May 12 - 24) . (June 20 - 22)
“As Fed'" "As Used:! "As Fed" "As Used" "As Fed" "As Used"
5.16 12.00 : 6.09 12.50 | 5.74 11.20
36.45 33.82 33.58 33.15 34.10 32.12
45,59 42.30 46.17 43.02 46.42 43.73
12.80 11.88 . 12.16 11.33 | 13.74 12.94
2.44 2.26 | 2.14 1.99 2.98 2.81

12,045 11,176 12,175 11,344 11,883 11,195

* YAs Fed" refers to moisture condition of coal as it was actually fed to the kiln.

" “As Used" refers to moisture condition of coal as it enters Coal Mill and not
I- as fed to kiln.

L Average Heat content of coal was 11,238 Btu/lb. as used.




TABLE X
CREENCASTLE EISSICN STUDY

CHEMICAL ANALYSIS

1977
DATE (1677) PAW FEED TO KILM CLINKER DUST -
: % Ca0 % o0 %SO % SO, 5 S0,
5/8 - 5/12 43.75 0.45 0.30 1.43 17.24
5/19 - 5/24 43.38 0.50 0.36 1.51 16,29
6/20 - 6/22 44.19 0.30 0.37 1.33 22.76




TABLE XI

GREENCASTLE EMISSION SURVEY
GAS ANALYSIS

Gas Comnosition - %
Pun

Ne., Date - Co, o, N,
(1977) -— — —
2 5-8 22,0 8.0 70.0
4 5-9 21.0 7.6 . 71.4
6 : 5 - 10 26.0 6.2 67.8
22 6 - 20 26.5 6.4 67.1
24 6 - 21 27.0 5.0 68,0
26 6 - 22 26.0 6.2 67.8




22

24

26

Run No.

L

lz
TABLE XII
GREENCASTLE STACK C¥ISSION SURVEY
METEOROLOZICAL CONDITIONS
1977
Relative lunidity Anbient Tesmp. Barometri:
°F. Pressure
40 ' 72 29.39
53 53 29.46
43 59 29,48 -
54 86 29.26
72 68 29.44
100 67 29.35-




3

MATERIAL EALANCE CALCULATIONS

(Sample Caiculsticon for Runs 2 - 6)

I. Fuel Consumption Calculation - Molal Rzcis

A. Coal Analiysis

See copy of letters encloszd from Pittsburgh Testing Laboratory
showing ultimate analysis of averzje savple gathered during testing. Also,
see Table IX for mcisture and Suifir level of coal "as used". Accordingly,

ultimate coal analysis in states of interest, are:

% Component Dry Basis Coal Mill Feed Coal Mill Feed
"As Used" * "As Used'" **

Carbon 69.33 60.86 61.04
Hydrogen 4.88 4,28 4.29
Nitrogen 1.72 1.51 1.52
Oxygen 8.29 7.28 7.30
Sul fur 2.33 2,26 2.81
Water None 12.00 11.20
Ash 13.45 11.81 11.84
Total 100 100 100
Btu/1b. 12,517 11,176 11,195

* P.T.L. Analysis was corrected for moisture @ 12% and sulfur @ 2.26%
and Btu/1b., for Runs 2 - 6.

** P.T.L. Analysis was corrected for moisture @ 11.2% and sul fur @ 2.81%

and Btu/lb., for Runs 22 - 26.
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A

II. Theoretical Combustion Gas Quantities - (No Excess Air)

1. The average fuel coal used by kiln during testing period
from May 8 to May 10 was 18 ton/hr.

or

(18)£5000) = 600 lbs/min.

Accordingly, 100 lbs. coal supplies fuel for -

%%% = 0.167 min. of kiln operation

2. Therefore, referring to I-B:

(5.07) (44)

CO2 = 5 ie < 1335.81 1bs/min. produced
HZO = (562%%§1§) = 327.66 1bs/min. produced
N, = (géf%%%52§9= 3727.18 1bs/min. produced

802 = (gég%%ééi) = 26.83 1bs/min. produced

3. Breakdown of Water Source

(2a) Combustion Water:
(2.14) (18)

(.167)
(b) Free Viater

(0.67) (18)
(.167)

(c) Free Water

= 230.66 1b/min. produced
in Coal "As Used":

= 72.21 1b/min.

in Coal "As Fed to Kiln'':

5.16 x¢pi0 =B
(12 = >:10) ¥ 72.21 = 28.81 1b/min.

Loss Water =

72.21 - 28.81 = 43,4 1b/min,

(d) Water in Combustion Air:

(0.23) (18)
167

= 24.79 1b/min.




III. Liberation of CO2 and H.0 from Raw Hix

Average raw mix feed rate during test was 135 ton/hr. or 4500

1b/min. dry solids.

Raw Mix Chemical Analysis was used to determine the available

C02 liberated from CaCO3 and MgCOS:

100

('6 CB.O) X *—E-g = 5 CaCOS
= 43,75 X lgg = 78.125
84
5 ) 84 _ 4
(% ¥g0) X 3% 1gC0,
= 0,45 X %% = (0.945

_ (78.125) (44)

From CaCOS, qu = (100) = 34,375 1b,
\ _ (0.945)(44)
From MgCOS, CO2 = ——gi— = 0.495 1b.
Total CO2 = 34,87 1b/100 1b. Raw Mix
or
’ . (34.87) (4500)
€O, = 100

= 1569.15 1b/min,

Average % Slurry Water was 32.6, which amounts to:
g b4

HO = 4500

T @ o33 - 4500

2176.56 1b/min.




IV. Theoretical Kiln Exit Gas - (Mo Excess Air)

1. Total Exit Gas Quantities ( per nin. o

Hh

kiln operation)

Source €O, (1% 4,0(1b) N, (1b)
(2) Combustion Process 1335.51 284,26 3727.18
(b) Raw Mix Liberation 1562.15 2176.56 -

TOTAL 2304.00 2460,82 3727.18
2. Exit Gas Analysis - Wet Rasis
\ _ 2804.3%6_ .
C02 (.-Iole) . v 66,02
2460.82 -
’ l\ = - =1 . 1
1120 (Mole) 18 150,71
3727.18 -
N = = 133,
N2 (Mole) 78 33,11
335,84 Moles/Min.
Hence:
Y 66,02 .
CO, = 335,84 - 19-66%
136.71 .
N, = 23311 o 59 635

2 335.84

3. Exit Gas Analysis - Dry Basis

0. = 19:66

2 % W - o7y = 33-16%

N o 39.63

2 = - do7n) = 66-84%

4, Theoretical Exit Gas Volume

At Standard Conditions (70°F. and 29.92"Hg)

]

Volume = (335.84)(387) = 129,970 SCFM (Wet)

(129,970) (1 - .4071) = 77,059 SCFM (Dry)

or

l TOTAL



V.

4.

Actual Kiln Exit Gas at Sampling Ports

1.

Exhaust Gas included not only Theoretical Combustion Air and
Excess Combustion Air but also Infiltrated Air at kiln exit,
precipitators, etc. From here forward, the term Excess Air

will be used instead of Excess and Infiltrated Air.

Average Orsat Analysis taken from Exhaust gas are showing
along with Theoretical Gas Analysis:

ORSAT ANALYSIS (DRY) THEO, ANALYSIS (DRY)

co, - 23.0 co, - 33.1
0, - 7.3 0, - 0
N, - 69.7 N, - 66.9

Excess Air Calculation - 992 Balance (Using Above Analyses)

(Vol. Comb. Gas)(% COZ) + (Vol. Excess Air) (% C02)

= (Vol. Actual Gas) (% COZ)

Let X = Vol. Comb. Gas (Relative)
100-X = Vol. Excess Air (Relative)
100 = Vol. Actual Gas (Relative)

Then -
(X)(33.1) + (100 - X)(0) = (100)(23)
33.1X = 2300

X = 69.5% Comb. Gas

100-X = 30.5% Excess Air

From 1V-4, Above, the Theoretical Dry Exit Gas was 77,059
SCFM, therefore, Actual Kiln Exit Gas (Dry)was:

77,059
.695

n

110,876 SCFM - Dry

Excess Air

1t

(110,876 - 77,059)

33,817 SCFM - Dry

Oxygen Balance (Using Above Analyses)

(Vol. Comb. Gas) (% 02) + (Vol. Excess Air) (% 02)

= (Vol. Actual Gas) (% 02)




Using the same symbol X as above,

(X)(0) = (100 -X){21) = (100(7.3)

X

1}

2100 - 730
21

1l

65.2% Comb Gas

100-X = 34.8% Lxcess Air

Hence,

77,059

Actual Kiln Exit Gas <55

= 118,188 SCFM - Dry

Excess Air (118,188 - 77,039)

41,129 SCFM - Dry

Reconciliation of Balance

The CO, and O, balances should give the same quantity of cxcess
air for a given location. They do not agree exactly due to
experimental error, but they are close enough so that an average
of the balances should accurately represent the true condition.

33,817 + 41,129

(Average) Excess Air 5

1

37,473 SCFM - Dry

Weight of Excess Air Components

Lb/min. of kiln operation

(37,473) (.21) (32)
2 (387)

0

= 650.69 1b/min.

_ (37.473) (.79) (28

2141.87 1b/min.
2 (387)

o = (37,473)(.0082) (18)
2 (387)

= 14.29 1b/min.

(14.29) (387) _

= \
or 18 307 SCFM




(Recall 0.0082 was the Molal Humidity @ Testing Period)

7. Actual Kiiln Exit Gas Volume:

(a) Theoretical Kiln Exit Gas (IV-4) = 129,970 SCFM (Wet)

(b) Excess Air (V-5 and V-6)

37,473 + 307
= 37,780 SCFM (Wet)

(¢) Actual Kiln Exit Gas (a) + (b) = 167,750 SCFM (Vet)

(1) Stack conditions (167,750)(792)(29.92)

(530)(29.39)

255,196 ACFM (Wet)




X
G

VII. Gas Balance

(1 co,
CO2 Input = 2905.0 Lb/Min. (from IV-1)
CO2 OQutput 2898.7 Lb/Min. (from VI-2-¢)

Measuring Efficiency

1]
o
Vel
<o
o

(2) 0,_
O2 Input = 650.7 Lb/Min., (from V-6)
O2 Output = 661.1 Lb/Min. (from VI-2-¢)
Measuring Efficiency = 101.6%
(3 N2
N2 Input =  5869.0 Lb/Min. (from IV-1 and V-6)
N2 Output =  5577.5 Lb/Min, (from VI-2-¢)
Measuring Efficiency =  95,0%
(4) 10
HZO Input = 2475.1 Lb/Min. (from IV-1 and V-6)
H20 Qutput = 1873.4 Lb/Min, (from VI-2-c)
Measuring Efficiency = 75.7%

VIII. Sulfur Balance

1. Sulfur Input

(a) SO2 produced by burning coal was 26.83 1b/min. (from I1I-2),
then sulfur input from fuel coal was:

(26.83)(32) .
(64)

(b) SOs'content in raw mix was 0.3%. The average feed rate

13.41 1b/min.

was 4500 1b/min. Then, sulfur added to process from raw
mix was:

(4500)(0.003)E§%3 = 5.4 lb/min.




(c) Total Sulfur Input = 18.81 lb/min.

2. Sulfur Output

(a) SO3 content in clinker was 1.43%. The average clinker produced
rate was 79,7 Ton/Hr. or 2656.7 Lb/Min. Then, sulfur removed

from the process in clinker was:

(2656.7) (0.0143) (32)
(8

30) = 15,20 1b/min.

(b) Kiln dust contained 17,24% 803. The average dust removed rate

was 0.146 ton/hr. or 4.87 lb/min. Sulfur removed with discarded
kiln dust was:

(4.87)(.1724) (32) _ .
(30) = 0.33 1b/min.

(¢) Table I shows the average SO2 emission from stack was 185,88

1b/hr. (Runs 2 - 6), then sulfur leaving stack was:

(185.88) B .
%0) X (Ga) = 1.55 1b/min.

(d) Total Sulfur Qutput = 17,08 1b/min.

17.08
18.81

3. Sulfur Measuring Efficiency

90.8%




- SULFUR WEIGHTZ IN COAL= 2,26

MATERIAL BALANCE CALCULATIONS FOR KILN OPERATED WITH COAL AS FUEL
EMISSION TESTING AT GREENCASTLE PLANT, MAY & JUNE / 1977

RUNS 2-6 (MAY/8-MAY/10, 1977)

DATA INPUT

CARBON WEIGHTZ IN COAL= 60.86
HYDROGEN WEIGHTZ IN COAL= 4,28
NITROGEN WEIGHTZ IN COAL= 1,51
OXYGEN WEIGHTZ IN COAL= 7,28

WATER WEIGHT7Z IN COAL= 12
WATER WEIGHTZ IN COAL AS FED TO KILN = 5,16

CAO WEIGHTZ IN RAW MIX = 43,75
MGO WEIGHTZ IN RAW MIX = 45
H20 WEIGHTZ IN RAW MIX = 32,6
503 WEIGHTZ IN RAW MIX = ,3
503 WEIGHTZ IN CLINKER = 1,43

S03 WEIGHTZ IN DUST = 17.24
TOTAL S02 EMISSION FROM STACK, LB/MIN = 3,1

CO2 VOL.Z, ORSAT ANALYSIS = 23
OXY VOL.Z, ORSAT ANALYSIS = 7.3
N2 VOL.%, ORSAT ANALYSIS = 69.7

AVE.RAW FEED, TON/HR = 135

AVE,CLINKER PRODUCED, TON/HR = 79.7

AVE,DUST REMOVED, TON/HR = ,146

AVE,FUEL COAL RATE, TON/HR= 18

MOLAL HUMIDITY OF AMBIENT AIR = 8,20000000E=03
AVE,VOL,OF STACK GAS (WET), ACFM = 229 90
AVE.,VOL,.7Z OF H20 IN STACK GAS = 26.7
AVE.TEMP.OF STACK GAS, DEG.R 792
AVE,PRES.OT STACK GAS, IN,HG.= 29.39

RESULTS
BASIS 100 LB FUEL COAL (AS USED)

THEORETICAL ATR REQUIRED :
DRY AIR = 66174,69 SCFM
WET AIR = 66717.32 SCFM

EXCESS AIR CALCULATED
BASED ON CO2 BALANCE, DRY
BASED ON OXY BALANCE, DRY

AVERAGE, DRY

AVERAGE, WET

33226,78 SCFM
41551,93 SCFM
37389,36 SCFM

37695.95 SCFM-



CAREON DIOXTIDE BALANCE

CO2 FROM COMBUSTION PRCCESS = 133%.22 LE/MIM
CO2 LIBERATED FROM RAW MIX = 156%.15 LB/MIN
TOTAL INPUT = 2005,07 LB/MIN

C02Z MEASURED FROM STACK
TOTAL OUTPUT

MEASURING EFFICIENCY (0/I)

OXYGEN BALANCE :

02 IN EXCESS AIR
TOTAL INPUT

02 MEASURED FROM STACK
TOTAL OUTPUT

MFAS. EFFICIENCY (0/1)

NITROGEN BALANCE :

N2 IN COMBUSTION AIR
N2 IN EXCESS AIR
TOTAL INPUT

N2 MEASURED FROM STACK
TOTAL OUTPUT

MEAS, EFFICIENCY (0/I) =

WATER BALANCE :

H20 FROM COMBUSTION PROCESS

H20 IN COMBUSTION AIR
H20 IN EXCESS AIR

H20 IN SLURRY

H20 IN FUEL COAL
TOTAL INPUT

H20 MEASURED FROM STACK
TOTAL OUTPUT

MEASURINQ EFFICIENCY (0/I)

= 28%1.64 LB/MIN

645,24
649,24

667 .47
667.47

102,80

3791:44
2137.08
5828.53

2576,41
5576.41

94,06

[ I I S I

1t

I

91.54 LB/MIN

9% .43 Z

LR /MIN
LB/MIN

LB/MIN
LB/MIN

ar
fa

LB/MIN
LR/MIN
LB/MIN

LB/MIN
LB/MIN

%

231,12 LB/MIN
25.23 LB/MIN
14,26 LB/MIN

2176,55 LB/MIN
28,72 LB/MIN
2475,90 LB/MIN

1873.45 LB/MIN
1873.45 LB/MIN

75.66 %




SULFUR BALANCE :

SULFUR IN FUEL COAL
SULFUR IN RAW MIX
TOTAL INPUT

13.56 LB/MIN
5,40 LB/MIN
18, % LB/MIN

naun

SULFUR IN CLINKER

SULFUR IN WASTE DUST
SULFUR EMITTED FROM STACK
TOTAL OUTPUT

15,19 LB/MIN
0.33 LB/MIN
1.55 LB/MIN
17.08 LB/MIN

LI |

MEASURING EFFICIENCY (0/I)= 90,09 %

TOTAL THEOQ,VOL.OF KILN EXIT GAS (WET)
TOTAL MEAS.VOL.OF KILN EXIT GAS (WET)
TOTAL GAS MEAS, EFFICIENCY

169532.68 SCFM i
150859.05 SCFY ‘
88.98 %




MATERIAL BALANCE CALCULATIONS FOR KILN OPERATED WITH COAL AS FUEL

EMISSION TESTING AT GREENCASTLE PLANT, MAY & JUNE / 1977

RUNS 22-26 (JUNE/20~JUNE/22, 1977)

DATA INPUT

CARBON WEIGHTZ IN COAL= 61,04

HYDROGEN WEIGHTZ IN COAL= 4,29

NITROGEN WEIGHTZ IN COAL= 1,52

OXYGEN WEIGHTZ IN COAL= 7.3

SULFUR WEIGHTZ IN COAL= 2,81

WATER WEIGHTZ IN COAL= 11,2

WATER WEIGHTZ IN COAL AS FED TO KILN = 5.74

CAO WEIGHTZ IN RAW MIX = 44,19
MGO WEIGHTZ IN RAW MIX = .5
H20 WEIGHT7Z IN RAW MIX = 33,2
503 WEIGHTZ IN RAW MIX = ,37
803 WEIGHTZ IN CLINKER = 1,33

503 WEIGHTZ IN DUST = 22,76
TOTAL S02 EMISSION FROM STACK, LB/MIN = 18,16

€02 VOL.Z, ORSAT ANALYSIS = 26.5
OXY VOL.Z, ORSAT ANALYSIS = 5.9
N2 VOL.Z, ORSAT ANALYSIS = 67.6

AVE.RAW FEED, TON/HR = 138
AVE.CLINKER PRODUCED, TON/HR = 87.7

AVE,DUST REMOVED, TON/HR = ,125

AVE,FUEL COAL RATE, TOW/HR= 19

MOLAL HUMIDITY OF AMBIENT AIR = 2,08 ®0000E-02
AVE.VOL.OF STACK GAS (WET), ACFM = 249600
AVE,VOL.% OF H20 IN STACK GAS = .31
AVE,TEMP,OF STACK GAS, DEG.R 770
AVE,PRES.OF STACK GAS, IN.HG.= 29.3

RESULTS

BASIS 100 LB FUEL COAL (AS USED)

THEORETICAL AIR REQUIRED :
DRY AIR = 70248.62 SCFM
WET AIR = 71709.79 SCFM

EXCESS ...R CALCULATED :
BASED ON CO2 BALANCE, DRY
BASED ON OXY BALANCE, DRY

AVERAGE, DRY
AVERAGE, WET

18529,61 SCFM
32183.17 SCFM
25356,39 SCMM
25883.80 SCFM




CARBON DIOXIDE BALANCE @

CO2 FROM COMBUSTION PROCESS

CO2 LIBERATED FROM RAW MIX
TOTAL INFUT

CO02 MEASURED FROM STACK
TOTAL OUTPUT

MEASURING EFFICIENCY (0/I)

OXYGEN BALANCE :

02 IN EXCESS AIR
TOTAL INPUT

02 MEASURED FROM STACK
TOTAL OUTPUT

MEAS, EFFICIENCY (0/I)

NITROGEN BALANCE :

N2 IN COMBUSTION AIR
N2 IN FEXCESS AIR
TOTAL INPUT

" na

N2 MEASURED FROM STACK 5677.78 LB/MIN
TOTAL OUTPUT 5677.78 LB/MIN

MEAS, EFFICIENCY (0/I) =

WATER BALANCE :

H20 FROM COMBUSTION PROCESS
H20 IN COMBUSTION AIR

H20 IN EXCESS AIR

H20 IN SLURRY

H20 IN FUEL COAL

TOTAL INPUT

H20 MEASURED FROM STACK
TOTAL OUTPUT

MEASURING EFFICIENCY (0/I)

4024,.87 LB/MIN
1449.31 LB/MIN
5474.18 LB/MIN

103,71 Z

1417.48 LB/MIN
1622,45 LB/MIN
3039,.93 LB/MIN

b o n

3497.61 LB/MIN
3497.61 LB/MIN

115,05 %

440,29 LB/MIN
440,29 LB/MIN

566 33 LB/MIN
566,33 LB/MIN

128,62 %

244,53 LB/MIN
67.96 LB/MIN
24,53 LB/MIN

2286.22 LB/MIN
34,24 LB/MIN
2657.49 LB/MIN

2425,82 LB/MIN
2425,82 LB/MIN

91.28 %



SULFUR BALANCE :

SULFUR IN FUZL COAL
SULFUR TN RAW MIX
TOTAL INPUT

17.79 LB/MIE
6,30 LB/MIN
24,60 LB/MIN

rn e

SULFUR IN CLINKER

SULFUR IN WASTE DUST
SULFUR EMITTED FROM STACK
TOTAL OUTPUT

15.55 LB/MIN
0.37 LB/MIN
9,08 LB/MIN

25.01 LB/MIN

MEASURING EFFICIENCY (0/I)= 101,65 7%

TOTAL THEO.VOL.OF KILN EXIT GAS (WET)
TOTAL MEAS,VOL.OF KILN EXIT GAS (WET)
TOTAYL, GAS MEAS. EFFICIENCY

165648,43 SCFM
168242,51 SCFM
101.56 Z

T uwu




DISCUSSION OF RESULTS

(1) Sulfur Stack Emissions

Note the SO2 emission data in Table I shows the first 3 runs emitted
Sulfur at the average rate of 186 1lbs/hr. as SOZ; whereas, the second
3 runs averaged emissions of 1090 1bs/hr. SOZ'
Rate data in Table II shows the low sulfur emission runs were made
at approx. 90% kiln capacity; whereas, the high sdfur runs were made at
100% kiln capacity. Table IX shows sulfur in coal at 2.26% for low 802
emission runs and 2.81% for high emission runs which one might anticipate.

Table X shows .30% SO3 in raw mix for low sulfur runs and .37% SO3 in
raw mix for high sulfur emissions which also might be expected. The sur-
prise comes when one notes the sulfur in clinker (1.43%) formed from low
sulfur fuel and raw mix, was higher than the sulfur in clinker (1.33%)
formed from high sulfur fuel and raw mix. Note also, the 80% capacity

kiln operation occurred with 2.9% excess oxygen and a backend temperature

of 1450° F. while the 100% capacity operation had 1.9% excess oxygen and

1600°F. backend temperature. - Does this mean that by operating a "hot
kiln" one can actually burn sulfur out of the clinker and emit it as

802 or; conversely, absorb sulfur in clinker by operating a relatively '‘cool

kiln" and minimize SO2 emissions?

In any event, it seems clear that the Greencastle operation can be very
close to the limit of allowable sulfur emissions, if not occasionally exceed-
ing limits, when the kiln sees a combination of high sulfur coal with high
sulfur raw mix and at the same time pushing the kiln for top production.

(2) SOX and NOX Evaluation

During the periods of high sulfur emissions which at times exceeded
1000 ppm according to the Envirometric charts, the NOX seemed to be
depressed. That is to s *, we continue to see the SOX and NOX usually
move in opposite directions bu. not always. We hazard the speculation

that the SOX vs. NOX configuration is based on the fact that sulfur has a




greater affinity for oxygen than nitrogen at elevated temperatures.
Accordingly, with no sulfur free for oxidation, the nitrogen forms NOX
with available oxygen with NOX levels depending on heat and quantity

ol excess oxygen. As free sulfur developes, with heat and available
cxygen remaining constant, the sulfur preferentially combines with
available oxygen leaving less for NOX production so that NOX concentrations
arop. If, at the same time sulfur becomes available, heat remains the

same and oxygen increases then the NOX will not drop but remain the

same or possibly increase. Increasing NOX and SOX simultaneously is

rare because it is difficult to supply the oxygen without decreasing the

heat and this is the reason one seldom sees increasing SOX and NOX
simultancously.

In the complete absence of sulfur, one can set a NOX level as a
reliable standard. This is the case at Greencastle. That is to say, it
might be ascertained that a NOX level of 1000 ppm gives an ideally hot
kiln with, let us say, the desired amount of excess oxygen at 2%. Now,
if the oxygen increases with heat remaining essentially the same, the
NOX will increase or, possibly, the excess oxygen remains unchanged and
the heat increases the NOX will also go up.

The monitoring aspect of NOX level is, in fact, based on keeping the

excess oxygen constant which is relatively easy, and if the NOX level

falls the kiln is cooling or the reverse. All this is well and good, but
now we are running into increased frequency of significant sulfur in fuel
and/or raw mix. When sulfur available for oxidation occurs, it has the
same effect on NOX standard as a cooling action in the kiln. Therefore,
when monitoring NOX levels, how does one know whether the drop in NOX

level is caused by sudden availability of sulfur or a cooling kiln as a

combination of both? The results are the same with respect to depressing
the NOX trend.

Conceivably, with both SOX and NOX capability, one might quantatively
reason that for every 1% of SOX registered this would automatically lower
the NOX "X' percent and any deviation beyond this correction meant the
kiln, in fact, was cooling or heating as the case may be.




The point is that NOX control is excellent where there is no major
sulfur invelvement but with sulfur involvement it would seem important to
investigate its influence on NOX to get reliable data. At this stage of

development, I would say NOX control isn't for everybody.
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SAMPLE CALCULATION FOR 3TACY nUN L

NCHENCLATURE

Cross-sectional arca of sample nozzle, sg. ft.

Cross-sectionzal arca of stack, ‘t.s

Fe

Proportion by volume of water vapor in the gas stream,
dimensionless

Pitot tuhe cocificient, dimensionless
Pitot tube cocf, of standard tyne tube € .99
Pitot tube coefficient of type "S" pitor tube

Concentration of particulate matter in stack gas,
8T./s.c.f. dry hasis

Concentration of particulate matter in stack gas, 1b/s.c.f.
Inside dianeter of stack at sample port, Ft.

Paéticulate enission rate

Average pressure drop across the orifice reter, inches 1,0

Percent of Iso Kinetie sampling. Test acceptable between
90% - I _ 110%

85.48 ft. lbs.
scc. lb-mole °R

Dry molecular weight of stack gas

Molecular weight of water, 18 1b/lb-mole

Molecular weight of stack gas (wet basis) 1lbs/1b-nole
Lh (l-B‘o)+ 18 Bro

Total amount of particule matter collected, nmg.
Barometric pressure at the orifice reter, inches Hg.
Absolute pressure at standard conditions, 29.92 inches He

Absolute stack gas pressure, inches Iz,




°R

£ H,0 -

T ) -

5T ave

V. -
lC
17.71 -
24,1 -
28.3 -
1.667 -
13.6 -
2.205x10°¢
0.0154 -

32 -

(
T .
T

Yelocity head nmeasurcd by standard type pitot tube
Velocity head measurad by type “SY pito:r tube

Ave. velocity head of stack pas, inches 1,0

Volwnot“lc flow rate,
fe.8/hr

dry basis, standard coenditions,
Ideal gas constant
Degrces of tomperature,; Rankin (F+460)

Density of water, 1 m./nl.

Averagc absolute stack 2as tomperature, °R

Absolute tenperature at standard conditions, 330°R
] i\
Averaze dry gas neter tomnerature, °R i
Total sampling time, min.

Volume of gas sanple throush the dry gas
nctcr (s;and“rd cond1t1ons), cu. fg,

tack gas velocity, feet per second (f.p.s.)

Volur:ie of zas sample through the dry gas necter (moter
condltlons) cu. ft,

Total volume of liquid colleected in impingers and silica gel
°R per inch. lig @ std. cond. of §30 & 29,92

Liters water per graa-mole

Liters dry air per cu. ft,

100/60 min/see

Specific gravity of mercury

nz/lb.

Grains per ng.

folecular weisht of oxygen



1.

Pitor Tube Czlibration

Using "“S'" type, Tube "b" 4' length calibrated Feb. 1
p
Cp test = Cp std. L std
- Pstd
Forward
Cp test = (.99) .58
.88 -
Cp = .80
Revarse _
Cp test = (.99) .56
.87
= .79
Cp ave. = .30
Velocity of Stack Gas
v , :
s ave, = Kp Cp _ uap ave J Ts ave,
P M
s s
vs ave, = (85.48)(.80)(.53)
- . . * 4 793
(20.35) (28.38)

vs ave, =35,37 ft/sec

Volume of Gas (Actual) from Stack

Volume = ('s ave.) (A) (60)

Volume = (35.37)(109.5)(60) = 232,381 ACFM

Volume Dry Gas 8 Standard Conditions

]

Q - 3600 (- B.) ('s) (A)( std. ) ps

s ave std.

(530) (29, 35)

% » 3600 (1-.25)(35.37)(109.5)(793)(29 35

Q. 6.85 x 10° scrn

s 1977,




K

S. Sample Gas Volume & Standavd Conditions

Vi std. = 17.71 Vo [ Poar 25 ¢
Tm

.28
Vo std. = (17.71) (52.99) [ 29.39 + 1—376)
528

Vo std. = 52.27 cu.ft.

6. Percent of Isokinetic - EPA Methed

(1.667 Ts) l_ (.00267) (Vie) +/Vm (P bar «AH) ]
I = Tm . 13.6
(®) (vVs) (Ps) (A )

{ = (1.667)(793)(1.004 + 2.951)
(144 (35.37) (29.35) (. 000341)

-
]

102.6

% Isokinetic for all runs (from Run No 2 to Run No.2s ) were calculated !
using the same method as above, and are presented in Table VIII.




INPUT

[ 2176

A
Water in raw nix
——a 285

-1 1569 (0O

<—{ 1336 Gifr in goal.,

Water in coal, comh.
hWater in excess air

. 2137 Nitrogen in excess

RUNS 2-6 °

SUMIARY SCHEMATIC
GAS DBALANCE

Units: Lb/Min.

air, free water

air
Nitrogen in zomhustion aip

1339-C0., from carhon in coal
2 from raw mix decomposition

[ 649 Oxygen in excess & infilterated air

lix
v 11,979.96 TOTAL
RAW INFILTRATED
MIX AIR
e ’
KILN PRECIPI-
Comb.Air TATOR
& Excess
Alr
15,19 0.33

Sulfur in Clinker

Sulfur in Waste Dust

ouTPUT

an 2892 €O,
w667 O
o 1873 I
= 1.55 3
11,009.55
STACK GAS
STACE




[§'W

. RUNS 22- 26

SUMARY SCHEMATIC
GAS DALANCE
. Units: Lb/Min. .
INPUT . QUTPUT

2286 Water in raw mix

347 Water in coal, comb. air, free water
. 24 Water in excess air

- [ 1449 Nitrogen in excess air
=1 4025  Nitrogen in combustion air

[ 1417

'CO, from carhon in coal pues 5498 €O,
~=—] 1622 €0, from raw mix decomposition S 566 0O
T e 5678 N,
-.-:_[~ . ' L. 2426 11,0
440 Oxvgen in excess & infilterated air -
=» 9.08 S
-e_[n.?g Sulfur in Coal _
6.80 Sulfur in Raw Mix 12,177.08
l . 11,634.59 TOTAL :
, . STACK GAS
RAY - INFILTRATED i
l MIX AIR .
I e ' .
KILN PRECIPI- Y
= TATOR
l Comb.Air _ :
& Excess ' =
AMir _ STACK
- 15.55 0.37
l Sulfur in Clinker Sulfur in Waste Dust




GREENCASTLE EMISSION SURVEY ‘
KILN STACK )
VELOCITY, PARTICULATE & SULFUR SAMPLING TRAVERSE
- ]
_ h
|
T « 5
-+ N l
. \
\ 3
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. \ -
; i
\
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‘ PLAN VIEW
* SAMPLING LOCATIONS
LROSS SECTIONAL AREA ! 2.5 Sq.Ft.
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GREENCASTLE PRECIPITATOR
WEST SIDE ENTRANCE DUCT
SOUTH HALF :
VELOCITY & SAMPLING TRAVERSE

=<—s5 172"

; |
5 1/2" = =y ——:r:_:— 25" %_I_Tv 24" >|
S - B L]
A ! i ;.
+ + + T
S + -+ +
+ —+ +— +

Yo

“ 19 =

57"

95" .

84" ——— ]

PLAN VIEW

S.AMPLE POINT LOCATION
CROSS SECTIONAL ARCA 66.5 Sq.Ft.




CLIENT'S No.

Analysis of:

PITTSBURGH TESTING LABORATORY

E3TADUISHED 108¢

850 POPLAR STREET, PITTSBURGH, PA. 15220

AS A MUTUAL PROTECTION TO CLIENTS, THE PUBLIC AMD OURSELVES, ALL PCROATS

ARZ JUBMITTED AS THE CONFIDEMTIAL PROPERTY OF CLIENTS, AND AUTHORITATION

FOR PUBLICATION OF STATEMENTS, COHCLUSIONS OR EXTRACTS FROM OR REGARDING
QUR REFPORTS I8 RESERVED PENDING QUR WRITTEN AFPROVAL.

AREA COQE 412 TELEPHMONE 922-4000

REPORT

June 24, 1977
COAL

-

FORm 407 egy ﬁo

PLEASE REPLY TC-
P. O. BOX t54e
FITTSBURGH, PA. 1]

LABORATORY No. - 776358
PG-6218

ORDER No.

Marked: "Green Castle - Coal sample - May 77".
Submitted by: Lone Star Industries, Inc. |
Reported to: Lone Star Industriés, Ine.
P. 0. Box 218
Houston, Texas 77001
As Recelved Dry Basis
Carbon - 69.33%
Hydrogen - - 4.88%
Oxygen - 8.29% -
Nitrogen - 1.72%
Sulfur - 2-33%
Ash 12.84 % 13.45%
Moisture 4.55 % one
BTU Per Pound 11,947 12,517

PITTSBURGH TESTING LABORATORY
. : -:/'

R d "

-~

Robeart J.
Manager,

f"fj/;"«“’ff
ST =

/Eing
Chemical Department

3 - Client

Attn: Clyde W. Moors

d
o™
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IMPINGER
NOQ

IMPINGER
NO. &

IMPINGER

NO. 2

IMPINGER
NO.

FILTER NO.

————r—— ey

BEAKER
NO.

BEAKER
Nol

BEAKER
NO.

BEAKER
NO.
PROBE WASII

Moisture Content:

Water
We1ght31r3§m X
18 g gn,
mol.

RUN NO. 52

.SOX PARTECBEATE & WATER CATCH

Final Weight 2?;1r123

WATER WEIGHT GAIN

Initial Weight g93. 7- 603, OJ.72.
Increase

Final Weight &7%.3G

Initial Weight 59, 38
Increase ’

Final Weight :rJtD,:i3
Initial Weight _ -, .
Increase 566 '24

Final Weight £ J%
Initial Weight ?7? 94

Increase

Final Weight
Initial Weight
Part. Catch

SOLID WEIGHT GAIN

Final Weight
Initial Weight
Increase

Final Weight
Initial Weight
Increase

Final Weight
Initial Weight

Increase

Final Weight
Initial Weight
Increase

530)
Sample Vo1.5% 77 £¢.3 x 460 + 70

460 + Meter
(328 remp.
24,1 L =503 | H,0 Vapor
mol. 1,0 Vol.
Total

IMPINGER 1 2 7/. 5/

IMPINGER 2 £7.95
IMPINGER 3 _ /%. 07
IMPINGER 4. .26
oL 374 £
ORSAT
Co, =2;2,o
0, _ 8.
Co —
N, 70.0
BEAKER 1
BEAKER 2
BEAKER 3
BEAKER 4
TOTAL

e et

X 28.3 L/ft.3= /505 L pry Gas

Tatal = K008
503 .

<00p “

x 100 = A5 %
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IMPINGER

NO. A i

IMPINGER

NO, dséé

IMPINGER
No. /%

IMPINGER

NO. /&

FILTER NO,

———— e

BEAKER
NO.

BEAKER
NO.

BEAKER
NO,

BEAKER
NO.
PROBE WWASH

Moisture Content:

Water
Welght\3775§n x
18 gm,
mol.

RUN NO. 4;1

PARTICULATE & WATER CATCH

Ao

Final Weight (?"?5 54 WATER WEIGHT GAIN IMPINGER 1 /?r 7
Initial WEIghtC; :2 2 /
I
ncrease IMPINGER 2 7. 7/
Final Weight 74/ A DeINGer 3 _¢3.54
Initial Weight -~ 7/3 i
Increase .

e IMPINGER 4 /30.39
Final Weight 7 44. 0F TOTAL 397. 3u
Initial Weight
Increase :%QZZ;:;%L ORSAT
Final Weight u3/ : 2/ ©
Initial Weight :
Increase 08%6/“)\ 0, 7.6

co —

Final Weight
Initial Weight

Part. Catch Ny /Y. &

SOLID WEIGHT GAIN

Final Weight

BEAKER 1
Initial Weight
Increase —— BEAKER 2

B
Final Weight BAXER 3
Initial Weight BEAKER 4
Increase —_—

TOTAL

Final Weight
Initial Weight

Increase

Final Weight
Initial Weight

Increase
(530)
Sample Vol.92-30 £t.5 x 460 + 70 X 28.3 L/£t.3= %477 L bDry Gas
460 + Meter '
(530 Temp.
=00
24,1 L - 532 L H,0 Vapor Total ?L
mol,
10 Vol TR, 100 26
Total -?OO?
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IMPINGER
NO. /

IMPINGER

NO. &?\

IMPINGER
NO.

IMPINGER
NO. o

FILTER NO.

BEAKER
NO.

BEAKER
NOI

BEAKER
NO,

BEAKER
NO.
PROBE WASH!

Moisture Content:

Water

Wcightdu'vgm. X
18 gm.,

RUN NO.
PARTICULATE & WATER CATCH

Final Weight ./ &ed. 33 WwATER WEIGHT

Initial Weigh
Increase mg
Final Weight 4 & 5”5/

Initial Weight

Increase (;Q:S' 79L

Final Weight ;777/.£ﬂ6

Initial Weigh

Increase ﬁé;ég;é;g}?

Final Weight ZQQ Ay
Initial Weight
Increase 2§Z¢/.:2/

Final Weight
Initial Weight
Part. Catch

SOLID WEIGHT GAIN

Final Weight
Initial Weight
Increase

|

Final Weight
Initial Weight
Increase

Final Weight
Initial Weight

Increase —

Final Weight
Initial Weight
Increase

Sample Vol. 6.4 ¢¢ 3

24,1 L = 542 H,0 Vapor

mol,

X 460 + 70
460 + Meter
(535) Temp.

1,0 Vol. 5%2 L
Total  /§55 L

TN

/
IMPINGER 1 /43, 7C

IMPINGER 2 §9.7 )
IMPINGER 3 £§5.27
IMPINGER 4. §0 93

TOTAL 404.67
ORSAT

o, 6.0

0 6.2

N éz. g

BEAKER 1
BEAKER 2
BEAKER 3
BEAKER 4

TOTAL

X 28.3 L/£t.3= /3/3 | pry Gas

Total = /?jﬂ;ll

x 100 = 29 <
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Sox
RUN NO. <X e

PARTICULATE & WATER CATCH

Final Weight é'/ﬂ.ﬁ% WATER WEIGHT GAIM IMPINGER 1 «2/0.&F

I.‘»!PI;"—.'GER__ Initial Weight 602 .00
NO. 85 Increase IMPINGER 2 /5/. 7
Final Weight 7& /A IMPINGER 3 =42 .57
I.‘-SPII‘.'GZECI} Initial Weight 558 45 )
NO. Increase )
<6, T — " IMPINGER 4. 7.73
f—.
Final Weight 625 8-& . TOTAL 39/. 78
IMPINGER Initial Weight 57 9. Ly -
NO._ ST Increase ORSAT
0, K6.J
Final Weight B8L.S2 2 =22:.0
IMPINGER Initial Weight /3 §3 ,
No. _@F Increase I3, 0z 6.«
. : . co 0.03
FILTER NO. Final Weight .
Initial Weight
——— Part. Catch N, 6__7:__,___

SOLID WEIGHT GAIN

Final Weight

BEAKER 1
BEAKER Initial Weight ARER
NO, Increase —_— BEAKER 2
Final Weight BEAKER 3
BEAKER Initial Weight BEAKER 4
NO. Increase —_— —_———
TOTAL
Final Weight
BEAKER Initial Weight
NO. Increase —_—
BEAKER Final Weight
NO. Initial Weight
PROBE WASI! Increase —_—

530
Moisture Content: Sample Vo197:93 £¢.3 x 460 4«70  x 28.3 L/£t.5= /380 L Dry Gas
460 + Meter
(£35) Temp.
Water

A 1 = /90
I\Feight‘gql'?{m. x 24,1 L = Bl | H,0 Vapor Total va
18 gm, mol, :

mol. 11,0 Vol. kd)? x 100 = RA7E

Total /704 L
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So
RUN RO. Q4 X
PARTICULATE § WATER CATCH
Final Weight 7?6/‘_ E%  WATER WEIGHT GAIN IMPINGER 1 R/, 97

IMPINGEDR Initial Weight 576-7f
NO. Qi Increase I IMPINGER 2 // 3.4 p

Final Weight 70/- 78 iMPINGER 3 /4.00

IMPINGER Initial Weight gf
NO. 91--[’ Increase ‘5 3"0

IMPINGER 4. _&/. 6

Final Weight ~S59¢ ¢/

Total /709 L .

R/ 7
NO. fr Increase ) ORSAT
| 256
Final Weight 58'57'/7 €Oz 7
LMPINGER Initial VWeight -
' No. 94 Increase /9803 C2 20
. . . co -
FILTER NO. Final Weight
' _ Initial Weight _
—_— Part. Catch N, 6¢FO
l SOLID WEIGHT GAIN
Final Weight BEAKER 1
' BEAKER Initial Weight ————
NO. Increase — BEAKER 2
I Final Weight BEAKER 3 _
BEAKER Initial Weight BEAKER 4
l NO. Increase —_— _—
TOTAL
Final Weight
' BEAKER Initial Weight
NO. Increase ——
' BEAKER Final Weight
NO. - Initial Weight
' PROBE WASH Increase (
530) -
Moisture Content: Sample Vol.4o' 3¢ ft.3 x 460 + 70 X 28.3 L/ft.5= //#ZIL Dry Gas
l : 160 + Meter '
(SQG])Temp.
Water /
al. al =//0
l Weight 4 '7Zm. x 24.1 L =565 | H,0 Vapor Total 709 1
18 gm. mol,
| mol, 1,0 Vo1, 58571 x 100 = 33.0 5
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IMPINGER

NO. /o/

IMPINGER

NO. /[0,

IMPINGER
NO. /03

IMPINGER

NO. /o4

FILTER NO,

e

BEAKER
NO.

BEAKER
NO‘

BEAKER
NO.

BEAKER
NO,
PROBE WASII

Moisture Content:

Water -
5'661.%#. «

Weight

18 £m,

54

RUN NO. 265

PARTICULATE & WATER CATCH

Final Weight 49'-’\/'7‘(/_‘94 YATER WEIGHT GAIN
Initial Weightigesfﬂgp

Increase

IMPINGER 1 365,56

IMPINGER 2 (76,03

Final Weight 99@ S«
Initial Weight
Increase 5-(‘1‘ : ‘2?

Final VWeight \S4£%./ 3

IMPINGER 3 — 38,92

MPINGER 4 _47- 35

Initial Weight TOTAL 262 .04
nitial Weig
Increase 5 d:’__7_-_0_5' ORSAT
co, £6.0

Final Weight XGQQZ£ 2 ==
Initial Weight

Increase 0. /9 0, 6.2

. co —
Final Weight

Initial Weight
Part. Catch Ny, 6 7.8

SOLIND WEIGHT GAIN

Final Weight BEAKER 1
Initial Weight . R
Increase — BEAKER 2

, ) BEAKER 3
Final Weight B —
Increase — e

TOTAL

Final Weight
Initial Weight

Increase

L —t———

Final Weight
Initial Weight
Increase

530
Sample Vol.sa‘sl £t.3 x 460 + 70

460 + Meter
532/ Temp.

X 28.3 L/£t.3= /47571, pry Gas

24.1L = 79/ 1 11,0 Vapor
= 1,0 Vol, 7T/1 33,

Total 023.3.7 L

- e e——————







Interoffice Memo

WLONE STAR INDUSTRIES, INC.

Originating Office: C&CM Group - Technical

Date: August 9, 1977

TO: C. D. Coppinger
FROM: G. F. Messinger

SUBJECT: Sulfur and Particulate Stack Emissions Testing
Greencastle Plant

Enclosed is one (1) copy of each of Bill Hurst's reports on
the Sulfur Dioxide Emission Test and the Particulate Emission Test
conducted at the Greencastle Plant May 8 through June 22, 1977.

The particulate tests look very good from the standpoint of
the Indiana code, which is an extremely Tenient code. Compared
to Federal E.P.A. codes, the results are borderline. I have °
attached a tabulation comparing the average results of runs 1,

3, and 5 and of runs 21, 23, and 25 against the respective codes.
On an individual run basis, test runs 3, (13 - 14), (19 - 20), 21
and 25 actually exceed the E.P.A. codes.

We would suggest that the reports be treated as internal un-
less specifically requested by jurisdictional authorities and in
this event, we would appreciate the opportunity to review the re-
quest before submission.

Please assign CTR numbers to the reports and advise for our
file references.

o N /e\(%’ (L e

i
."F. Mes¥inger
GFM/ jm]
cc: W. R. Payne, Jr.
C. D. Fehnel/M. M. Reid
C. W. Moore
W. W. Hurst
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Interoffice Memo

‘VY LONE STAR INDUSTRIES, INC.

Originating Office: C & CM
Date: July 11, 1977
T0: Mike Reid
FROM: Stewart S. Fritts -
SUBJECT: Greencastle Plant - Particulate and Sulphur Study

W. W. Hurst Report

A preliminary review of the two reports submitted by Bill Hurst per his
transmittal of July 7, 1977 to C. D. Fehnel raises some pertinent questions

as follows:

. Fuel Analysis by Pittsburg Testing Laboratory shows BTU value on an "As

Received "  basis - which is fine. However, I would have expected the
Ash and the Moisture Content of the Sample would have been determined sep-
arately and likewise reported. I took the liberty of contacting PPL and

found that they had run the Moisture and the Ash but failed to record it Sy i

on the lab sheet. The values are 4.55 and 12.84 respectively. It would
have appeared to me that Bill should not have accepted the PPL report
without making the inquiry. All that it took was a telephone call to the
Pittsburg Labs. I have inserted the proper values in the PPL Report.

. Fuel Consumption Calculation - Molal Basis pg 13 shows the Coal Mill Feed

on an "As Used" basis for each of the three sets of runs. These appear to

be correctly identified. However, on pg 10 he shows the analysis for the
three sets of runs on an "As Fed" amd on an "As Used" basis and then proceeds
to make his calculations and material balances using the "As Fed" base. On

pg 15 he attempts to differentiate between Free Water in Coal "As Used" and
Free Water in Coal "As Fed" but I fail to appreciate this approach because -
all of the water that enters the kiln from the coal comes from the coal feeder
and this would represent the total water in the coal and not just the "Free
Water". This moisture varies from 11.20 % to 12.50 % while the "As Fed"
moisture which is really the water in the pulverized coal as it enters the
kiln burner pipe at the hood ( and after it has been partially dried). varies
from 5.16 % to 6.09-%. On pg . 14 he reports Distribution of Combustion
and Products on the basis of "As Received", however, I believe we means the
word "As Used" since he takes the analysis from pg. 13.  Perhaps his calcu-
lations are entirely valid but it would seem to me he is attempting to mix
“Apples and Oranges” and coming up with "Sour Grapes" and I do not believe

he intends to do that. We have been through this exercise before and I thought
we had it all straightened out. Apparently not.

On ‘the other hand I could hardlyaccept a Water Material balance of 78:72 %
for Runs 1-5 and 82.78 % for Runs 21-25 as being realistically close ; but
97.58 % for Runs 7-20 is excellent.




. %
.
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3. Summary Schematic Gas Balances pgs. 34, 35 and 36 are fine presentations
but they could be developed more realistically as shown per the attached
fpr pg. 34- Raw Mix should not be tied into Infiltrated Air but should
be shown as an independent addition to the kiln. The attached schematic
would appear to be a great deal more realistic. You will note I have
circled the values that require correction to coincide with the values
outlined in the work sheets pgs. 15 thru 21.

4, In his discussion, Bill appears to be rather optimistic concerning the test
results in relation to the Allowable per the Indiana Regulations. While his
calculations are in line I would seriously question resting on our laurels
in so far as EPA is concerned. As you know EPA Timits emissions from the
kiln at 0.3 1bs per hour per Ton of Kiln Feed per hour with Fuel excTuded
as a part of the kiln feed. This means the allowable would be 40.5 1bs/hr.
for Runs 1 - 5; 37.8 1bs/hr for Runs 7 - 20 and 41.4 1bs/hr. for Runs 21-25.
On the basis of the results reported we do not have much margin for error.

In fact Test Runs 3, (13-14),(17-18), (19-20), 21 and 25 show emission values
that are in excess of the Allowable EPA Regulations.

To date EPA has not raised the issue concerning Cement Plant Regulations in
the State of Indiana mainly because the cement manufacturers have recognized
their obligation and took positive steps to come to grips with the situation.
However, the present Indiana Reguiation is so grossly out of line I feel con-
fident in a show down we would have very little room for bargaining power.
Therefore I do not believe we should flaunt our position at Greencastle.
Reporting the facts is fine but making comparisons on the basis of unrealistic
Allowables is another matter.

5. In reviewing the Sulphur Study, I note Bill refers to high ( 1450° F and
16000 F "back-end ")temperatures. I am not too sure what is meant by "back-
end" conditions, If he means the temperature of the load just beléw the
chain system then his reading is porbably correct - but he should have iden-
tified the position of the reading in the kiln system.

6. BilTs evaluation of the SOX versus NOX relation may require further study.
As I see it. NOX development is basically a function of flame temperature
and as such is limited to theavailable Oz within the combustion zone of the
kiln and the amount of excess air within the combustion space will have a
significant influence on the development of NOX. Similarly the sulphur in
the fuel and more especially the mineralized sulphur (Iron pyrites) will
influence the avilability of the 02 to form NOX after the SOX in the combus-
tion zone has been satisfied. In all probability organic sulphur in the
fuel will readily combine with 02 to form SO» and perhaps some SO3 if there
is any catalysis present - which there is in the form of water vapor as well
as minor trace elements in the fuel. In the case of sulphur in the raw
kiln feed we have an entirely different relationship - especially in the
lTong wet kiln. 1 am not too sure we have very much conversion of sulphur
to SO, from sulphur in the raw mix especially if the sulphur is present as
iron pyrites in which case the conversion from FeS, passes through the HpS
phase in combination with heat and water vapor as well as residual 0z - -if
any is available - and it is highly questionable whether enough would be
available to sustain an oxidizing atmosphere for the conversion of the sul-
phur in FeS; to SOp.  As you know the Orsat analysis is at best a very crude
approximation of the actual gaseous condition in a Portland Cement kiln ex-




haust. It does serve a limited purpose, but - under today's enlightenment
and the need for better energy conservation coupled with a refinement of

the combustion process - we will require more sophisticated analytical equip-
ment to properly delineate the factors that enter the calculations.

As an example, we consider the N, content of the exhaust gas as the differ-
ence between the COo absorption gy KOH solution plus the 0, absorption by
pyrogallic acid solution plus the CO absorption by the cupperous oxide sol-
ution - but we are never sure that these absorbed products are definite

and singular. With the advent of the NOX and SOX syndrom our confidence
Tevel in the actual chemistry of the kiln exhaust gas is even more disturb-
ing. We could be on the threshold of a major research program that may or
may not be warranted on our part. Perhaps the PCA could get involved._

- Bill's data relating to Orsat analysis is probably taken at the stack -
although Table XI pg 12 of the sulphur report does not specifically so
state . However, on pg 19 of the same report he refers to "V. Actual Kiln
Exit Gas at Sampling Ports" but since the Sampling Ports are in the Stack
then the Orsat Analysis should refer to Stack Sampling and not Kilnm Exit
Gas since the Stack Sampling is influenced by infiltration and Bill notes

- the infiltration in his calculations. On the other hand the amount of
Excess Air shown at 34.8 percent on pg. 20 1is hardly represenative because
he is comparing Theoretical Moles from Combustion with Orsat analysis
of the Stack Gases. Perhaps, I am not understanding his reasoning but on
the face of it a 7.3 % 0, represents a great deal more than 34.8 % Excess
Air; and a rough ca]cu]a%ion would indicate the value closer to 80 %.
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