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Source category: Portiand Cement Date: 01/15/93
Plant name Lone Star Cement, Inc. Location:  Roanoke, VA
Testdate 7/22 - 10112/79 Ref. No.: 14
Process dry (1,3/4) &wet (5) Basis for process rate ! feed/production
Ratio: 1.50 dry
1.59 wet
Emission | Process Total PM Total Filt/probe |impinger
Type of Run| rate, rate, |Emission factor emission catch, |catch, caich,
Source control Pollutant | No.| to/hr | tonfr | k [ _Bon |rate, lo/hr  {mg mg m
[Rotary kiln Cooling  |BASED ON FEED RATE
No. 1 tower + filt. PM 45 8,14 210 0.194 0.388 129 | 0.1764 0.1113 0.0651 |
multicione  [fiit. PM 46 985]| 219| 025 0450 145 | 0.1860 | 0.1263 | 0.0597
+ ESP fiit. PM 47 11.08 20.7 0.268 0.535 164 | 0.2056 0.1389 0.0667
[filt. PM 48 14.51 20.7 0.350 0.701 184 | 02118 0.1670 0.0448
fit. PM " 49 45.52 21.0 1.08 217 48,0 | 04343 0.4119 0.0224
it FM 50 56.43 21.0 1.34 2.69 60.2 | 0.5880 0.5512 0.0368
average | 0577 | 1155 : B
cond. inor. PM | 46 4.76 21.0 0.113 0.227 129 | 0.1764 0.1113 0.0651
cond. inor. PM | 46 4.65 21.9 0.106 0.213 14.5 | 0.1860 0.1263 0.0587
cond, inor. PM | 47 5.32 20.7 0.129 0.257 16.4 | 0.2056 0.1389 0.0667
cond. inor. PM | 48 3.89 . 20.7 0.0940 0.188 184 | 0.2118 0.1670 0.0448
cored, inor. PM { 49 2.48 21.0 0.0589 0.118 48,0 | 0.4343 0.4119 0.0224
cond. Inor. PM | 50 3.77 21.0 0.0897 0.179 60.2 | 0.5880 0.6512 0.0368
- avorage | 0.0985 0.197 |Rating: B
Rotary kiln Cooling  |BASED ON FEED RATE
No. 3 tower + filt, PM 51 18.48 221 0.418 0.836 214 ] 02114 0.1826 0.0288
multiclone |fit. PM 52 23.30 2.1 0.527 1.05 28.0 | 0.2975 0.2476 0.0499
+ ESP  fitt, PM 53 20.19 21.8 0.461 0.922 25.7 | 0.2837 0.2229 0.0608
filt. PM 54 18.50 21.9 0.422 0.845 23.0 | 0.2477 0.1992 0.0485
fiit. PM 55 17.43 20.7 0.421 0.842 225 | 0.2488 0.1935 0.0563
filt. PM 56 15.24 20.7 0.368 0.736 20.8 | 0.2440 0.1788 0.0652
_ average 0.436 0.873 |Rating: B
eond. inor. PM | 51 2.92 2.1 0.0660 0.132 21,4 02114 0.1826 0.0288
cond. inor. PM | 52 4.70 221 0.106 0.213 28.0 | 0.2875 0.2476 0.0499
cond. inor. PM | 53 5.51 21.9 0.126 0Q.251 25.7 | 0.2837 0.2229 0.0608
cond. inor, PM | 54 4.50 21.9 0.103 0.206 23.0 | 0.2477 0.1992 0.0485
cond. inor. PM | 55 5,07 20.7 -0.122 0.245 225 | 0.2498 0.1935 0.0563
cond. inor. PM | 56 5.56 20.7 0.134 0.269 20.8 | 0.2440 0.1788 0.0652
_ average 0.110 0.219 |Rating: B
Rotary kiln Cooling BASED ON FEED RATE
. |No. 4 tower + fitt. PM 39 2246 26.0 0.432 0,864 269 | 0.2569 0.2145 0.0424
multiclone |fitt. PM 40 27.00 26.0 0.519 1.04 30.5 | 0.2965 0.2625 0.0340
+ ESP fift. PM 4 28.91 25.6 0.565 1.13 20.0 | 0.2456 Q.2448 0.0008
filt. PM 42 24,52 25.6 0.479 0.858 296 | 0.3167 0.2623 0.0544
fiit. PM 43 24.53 32.1 0.382 0.764 26.5 | 0.2897 0.2219 0.0178
fit. PM 44 22.20 32.1 0.346 0.682 31.0 | 0.3794 0.2717 0.1077
average 0.454 0.908 |Rating: B
cond. inor. PM | 39 4.44 26.0 0.0854 0.171 26.9 | 0.2569 0.2145 0.0424
cond. inor. PM | 40 3.50 26.0 0.0673 0.135 30.5 | 0.2965 0.2625 0.0340
cond, inor. PM | 41 0.09 25.6 | 0.00184 | 0.00369 29.0 | 0.2456 0.2448 0.0008
cond. inor. PM | 42 5.08 25.6 0.0993 0.199 206 | 03167 | 0.2623 0.0544
cond. inor. PM | 43 1.97 3241 0.0307 0.0613 26,5 | 0.2397 0.2219 0.0178
cond. inor. PM | 44 8.80 32.1 0.137 0.274 31.0 | 0.3794 0.2717 0.1077
average | 0.0703 0.141 |Rating: B
Rotary kiln ESP |BASED ON FEED RATE
No. 5 filt. PM 7 21.38 102.0 0,105 0.210 45,3 | 0.3025 0.1428 0.1597
filt, PM 8 4.27 102.0 0.0209 0.0418 171 | 0.2345 0.0585 0.1760
average 0.0629 0.126 |Rating: B
cond.inor.PM | 7 23.92 102.0 0.117 0.234 45.3 | 0.3025 0.1428 0.1597
cond.inor.PM | 8 12.83 102.0 0.0629 0.126 17.1 | 0.2345 0.0585 0.1760
average 0.0801 0.180 |Rating: B




GAS PROCESS SURVEY

ROANOKE NO. 5

KILN SYSTEM
1979

\

N U R N N IR B GE Tl W EE Pl




Interoffice Memo

'}c* LONE STAR CEMENT INC.

P. 0. Box 27, Cloverdale, Virginia 24077

Originating Office: Roanoke Plant
Date: Qctober 15, 1979

PERSONAL & BUSINESS CONFIDENTTAL

TO: W. J. Cavanaugh.
FROM: W. W. Huvst
SUBJECT: Process Gas Survey on Roanoke No. 5 Kiln System
cC: W. L. Greer
C. W. Moore

Gas volumes, particulate emissions and compositions were tested at
various process locations in the No. 5 Kiln System on September 16 & 17.
Survey included hourly collection of data over periods of 6 & 8 hours covering
two consecutive days. Testing was conducted in accordance with EPA Methods
for stationary sources.

Objectives were:

1. Measure gas parameters at 5 different locations simultaneously.

2. Determine electrostatic precipitator efficiency based on both
the "wet'" and "dry" catch.

3. Determine the sulfur content of gases in the ""Recoup Duct'.

Results showed:

1. Average gas conditions at various locations

Location _ ACFM % H20 % CO2 % 02 Temp. °F
Stack 275,000 10.8 11.1 14.5 291
Pptr. Input 269,000 11.9 14.1 13.0 312
Preheater 174,000 13.0 24.2 7.8 338
By~Pass 181,000 4.0 5.6 17.4 660
86 0.17 20.9 392

Recoup 85,000 0.

2. Precipitator efficiency on a "wet catch basis" was 98.8%; whereas,
the efficiency on a "dry catch basis' was 99.3%.




W. J. Cavanaugh -2 - QOctober 15, 1979
3. Sulfur content of gases flowing in the recoup gas duct contained
essentially no sulfur at less than 1 ppm.

Respectfully submitted

- W. W. Hurst, P.E.

WWH/ 1lbe
Supplement
Objective &4 was to rerun Objective 1. This was dome on October 15.
Results Showed:
Location ~ ACFM %H20 % CO9 % 02 Temp. °F
Stack 136,000 11.4 10.9 14.7 310
Pptr. Input 259,000 12.0 13.6 12.3 284
Preheater 196,000 15.2 23.9 8.4 350
By-Pass 199,000 4.9 6.2 16.7 658
Recoup - 81,000 0.7 0.1 20.85 384
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I. INTRODUCTION

During the course of stack particulate emission testing at Roanoke,
Mr. Cavanaugh requested that we divert from planned program and conduct some
special tests. These special tests were conceived to produce process data
that would assist Bill in his continued effort to optomize the new No. 5
Kiln System, ‘ -

We were requested to conduct tests in three catagories: 1. Gas
volumes and associated parameters that existed in 5 locations throughout
the kiln system at the present level and conditions of operation. 2. Perfomm
efficient tests at a time when the Kopper Representative was available for
optomizing the precipitator operation. 3. Determine sulfur concentration of
the recoup duct gases for design consideration during a proposed modification
of the duct. )

The purpose of this report is to present test data and evaluate the
accuracy of the results. It is not our purpose to evaluate the results as
they might effect the kiln system level of uniformity of operation,

The gas volumes and associated parameters determined at the 5 testing
locations were observed simultaneously on an hourly basis over a period of
two days covering 14 cycles of data. Precipitator efficiency data consisted of
6 runs, in sets of 2 runs conducted simultaneously at the precipitator imput
and output. Each set of runs on the precipitator was conducted on different
days. Sulfur determinations were made on measured volumes of gas drawn from
the recoup duct over four test periods of approximately 4 hours each.

The report is divided into four major sections: 1. Test equipment
and procedures are described, 2. Test results are discussed including pos-
sible process implication in the future, 3. Conclusions are stated, 4. Rec-
omendations are offered.

Supplement

Preliminary review of test results in Category 1, mentioned above,
indicated gas measurements at the various locations might not reflect the
equipment operation sought. Accordingly, equipment adjustments were made
to the pelletizing system by the equipment manufacturer's representative
and tests were repeated.




IT. TEST EQUIPMENT AND TESTING PROCEDURE

"g" type pitot tubes meeting EPA specifications for certification were
used to measure velocity of duct gases along with conventional inclined mano-
meters. All measurements were made in accordance with EPA Methods 1 & 2,
Standards of Performance for New Stationary Sources.

Moisture levels of the various gas streams werc determined by drawing
a gas sample at about % CFM continuously at the various testing stations
over a period of 4-5 hrs. centered mnear the middle of the overall test period
each day. Moisture in the gases was condensed in impingers mounted in an ice
bath. All techniques were in accordance with good practice as outlined by
EPA Method 4.

Integrated samples of gas at the various locations were sampled for
gas composition analysis near the beginning and ending of each daily test.
These gas samples were analyzed with the conventional "Orsat Equipment’ for
gas composition. Results were averaged to represent a daily average. Compo-
sition analysis of the various gas streams was performed as prescribed in
EPA Method 3.

Temperature levels of the gases were measured with thermocouples working
into digital indicators which were sensitive to T 1% of readings. Indicators were
calibrated with a potentiometer accurate to T 3. All temperature data met or
exceeded EPA standards for this type of work.




\-

Iv. CONCLUSTONS

1. Simultaneous testing at various points in a kiln system has no
substitute insofar as reflecting the true process inter-related conditions
at any given period in time,

2. Conditioms of gas volume, temperature, composition and moisture
at the various testing locations were consistent with one another and with
respect to a mass and energy balance.

3. Precipitator efficiency was significantly lowered due to the influ-
ence of the "ammonium compound" syndrome which according to EPA and/or VACB
constitutes a particulate,

4. Precipitator efficiency was short of stated 99.87 level stipulated
in the performance guarantee,

5. Corrosion cannot logically deteriorate the recoup duct as a result
of airborne sulfuric acid and/or sulfur compounds.

Supplement

1. Rerun results developed while simultaneously measuring gas para=-
meters at 5 test locations seemed compatible with previous work in this
testing category.

2.. Though equipment adjustment might have altered and/or improved
the No. 5 Kiln System operation, it did not materially change gas volumes,
temperatures, moisture or composition.
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TABLE I

ROANOKE PROCESS GAS SURVEY

NO. 5 KILN STACK GAS EMISSION

1979

- AREA OF STACK = 78.5 SQ. FT.

PITOT TUBE COEF. = 0.83

Sept. 16 Sept. 17
Moisture = 11.37 . Moisture = 10,3%
Gas Mol. Wt., = 28.94 Gas Mol., Wt. = 29.11
Baro. Press. = 29.01" Hg. Baro. Press. = 29.04" Hg.
Duct Static Press. = -0.71" Hp0 Duct Static Press. = -0,52" Hy0
Duct Press., ABS. = 28.96'" Hg. Duct Press. ABS. = 29,00" Hg.
C0p = 10.97% COp = 11.37%
02 = 14.7% 02 = 14.4%
No = 74.47% Ny = 74.3%
ime Trav. - Duet Gas ACFMS Time Trav. Duct Gas ACF
Day &Ap. Temp vel. x 10 Day - Temp Vel. x 10
l " Hy0 °r Ft/Sec " H,0 °r Ft/Sec
8.45 0.88 750 59.1 2.78 8:00 0.95 770 64.4 3.03
9:45 0.86 757 58.0 2.73 9:00 0.88 762 59.3 2.79
l0:45 0.87 744 58.2 2.74 10:00 0.86 759 57.9 2.72
1:45 0.86 739 57.3 2.70 11:00 0.89 759 59.9 2.82
12:45 0.86 737 57.2 2.70 12:00 0.86 752 57.6 2.71
l3:45 0.87 742 38.1 2.74 13:00 0.87 750 58.2 2.74
14:00 0.86 752 57.6 2.71
15:00 0.83 743 55.2 2.60
've/Day 0.87 745 58.0 2.73 Ave/Day 0.88 756 68.7 2.77




Time
.Day

7:40
8:40
9:35
10:35
11:35
12:35
12:35
14.35
Ave/Day
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TABLE I - CONT,

ROANOKE PROCESS GAS SURVEY

NO. 5 KILN STACK GAS EMISSION

1979

AREA QF STACK = 78.5 5Q, FT.

PITOT TUBE COEF. = 0.83

10/15/79

Moisture = 11.4%7

Gas Mol. Wt. = 28.93

Baro. Press. = 28.89" Hg

Duct. Statiec Press. = -0.44" Hy0
Duct. Press. Abs. = 28.86

COp = 10.9%

0y = 14.7%

NZ = 74.4‘70
Traverse ‘Duet Gas

§AP ("H,0) Temp (°R) Vel, (ft/sec)

0.58 769 39.50
0.59 771 40,22
0.58 772 39.57
0.58 766 39.42
0.57 769 38.82
0.59 763 40.02
0.57 769 38.82
0.58 778 39.73
0.58 770 39.51

o e b et e
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TABLE II

ROANOEE PROCESS GAS SURVEY

NO. 5 KILN PRECIPITATOR INPUT GASES

1979

AREA OF DUCT = 55.0 sQ. FT.

PITOT TUBE COEF. = 0.83

- T U B & B T B .
Ll

Sept. 16 Sept. 17
Moisture = 11.9% Moisture = 11.9%
Gas Mol. Wt. = 29.19 Gas Mol. Wt. = 29.30
Baro. Press. = 29.01" Hg. Baro. Press. = 29.04" Hg.
Duct Static Press. = -6,1" Hp0 - Duct Static Press. = -5.7" H,0
Duct Press. ABS. = 28.56" Hg. Duct Press. ABS. = 28.62" Hg.
COp = 13.6% Cop, = 14.5%
0, = 13.1% 0y = 12.8%
Ny = 73.3% N, = 72.7%
.'l'.'ime Trav. Duct Gas ACFMS Time Trav. Duct Gas ACFM,
Jay <&Xp. - Temp Vel. x 10 Day . Temp vel. x 10"
" Hy0 R Ft/Sec ‘ " Hy0 °r Ft/Sec
' 8:45 1.11 759 75.1 2.48 8:00 1.33 769 90.4 2.98
9:45 1.14 771 77.8 2.57 9:00 1.24 786 85.2 2.81
10:45 1.10 757 74.4 2.45 10:00 1.22 788 83.9 2.77
11:45 1.13 761 76.6 2.53 11:00 1.20 787 82.5 2.72
12:45 1.22 744 81.8 2.70 12:00 1.25 790 86.1 2.84
13:45 1.15 760 77.9 2.57 13:00 1.23 802 86.7 2.86
l 14:00 1.24 785 85.1 2.81
15:00 1.23 766 83.4 2.75
Ave/Day 1.14 759 77.3 2.55 Ave/Day 1.24 784 85.4 2.82




TABLE 1T CONT.

ROANOKE. PROCESS GAS SURVEY

NO. 5 KILN PRECIPITATOR INPUT GASES

1979

AREA OF DUCT = 55.0 sQ. FT,

- PITOT TUBE COEF. = 0.83

10/15/79

Moisture = 12.07

Gas Mol. Wt. 29.15

Baro. Press. = 28.89" Hg

Duct Static Press = -7.53" H90
Duct Press. Abs = 28,34" Hg

- C02 = 13. 6%

02 = 12,3%

Np = 74.17
Time Traverse Duct Gas ACFM
Day (Eﬁg("ﬂzo) Temp (°R) Vel. (ft/sec) (X105)
8:15 1.154 763 78.69 2.60
9:00 1.194 769 8l1.74 2.70
9:43 1.163 749 78.58 2.59
10:34 1.194 739 80.13 2.64
11:34 1.183 737 79.28 2.62
12:38 1.160 726 77.16 2.55
13:34 1.124 736 75.28 2.48
14:37 1.151 736 77.09 2.54
Ave/Day 1.165 144, 78.49 2.59




TABLE ITI

ROANOKE PROCESS GAS SURVEY

NO. 3 KILN PREHEATER EXIT GASES

1979

AREA OF DUCT = 33.06 SQ. FT.

PITOT TUBE COEF, = 0.83

D

Sept. 16 Sept. 17
Moisture = 14,17 Moisture = 11.9%
Gas Mol. Wt. = 30.19 Gas Mol. Wt, = 30.49
Baro, Press. = 29.01" Hg. Baro. Press. = 29.04" Hg.
Duct Static Press. = =7.6" Hyp0 Duct Static Press. = -5.8" H30
Duct Press. ABS. = 28.45" Hg. Duct Press. ABS. = 28.61" Hg.
C0p = 24,3% COp = 24.17%
09 = 7.7% _ 09 = 7.9%
N, = 68.0% Ny = 68.0%
ime Trav. - Duct Gas ACFM Time Trav. Duct Gas ACFM
ay TA P Temp Vel. x 10° Day p- Temp Vel. x 10°
" Hy0 °r Ft/Sec " Hy0 °r Ft/Sec
8:45 1.35 739 91.8 1.82 8:00 1.17 825 80.7 1.60
9:45 1.34 790 91.2 1.81 9:00 1.33 819 91.4 1.81
0:45 1.21 790 82.3 1.63 10:00 1,32 817 90.6 1.80
1:45 1.13 780 76.4 1.52 11:00 1.34 816 91.9 1.82
12:45 1.32 7% 90.0 1.79 12:00 1.43 788 96.4 1.91
'3:45 1.27 799 86.9 1.72 13:00 1.30 793 87.9 1.74
_ 14:00 1.29 798 87.5 1.74
15:00 1.27 783 85.4 1.69
.ve./Day 1.27 790 88.4 1.72 Ave/Day 1.31 805 89.0 1.76
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TABLE III - CONT,

ROANOKE PROCESS GAS SURVEY

NO. 5 KILN PREHEATER EXIT GASES

1979

AREA OF DUCT = 33.06 SQ. FT.

PITOT TUBE COEF. = 0.83

10/15/79

Moisture = 15,27
Gas Mol. wWt. = 33.01
Baro. Press, = 28.89" Hg

Duct Static Press. = ~7.57" H20
Duct Press. Abs = 28.33" Hg
Co2 = 23.9%
02 = 8.47%
N2 = 67.7%
-Time Traverse Duct Gas
Day [E (""H20) Temp (°R) Vel. (ft/sec)
7:50 1.434 330 100.52
8:30 1.262 817 87.77
9:31 1.464 823 102.19
10:29 1.400 801 96.41
11:27 1,481 806 102.31
12:30 1.451 790 99.23
13.27 1.483 801 102.13
14:29 1.455 815 101.07
Ave/Day 1.429 310 298.95

ACFM

(X102)
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TABLE IV

ROANOKE PROCESS GAS SURVEY

NO, 5 KILN BYPASS GASES

1979

- AREA OF DUCT = 40.11 SQ. FT,

' PITOT TUBE COEF, = 0.83

Sept. 16 Sept. 17
Moisture = 4,.5% Moisture = 3.57
Gas Mol. Wt. = 29.29 Gas Mol., wt, = 29,19
Baro. Press. = 29.01" Hg, Baro. Press. = 29,04" Hg.
Duct Statie Press, = =4.,67" Hy0 Duct Static Press. = =-4,66" H,0
Duct Press. ABS. = 28.67" Hg. Duct Press. ABS. = 28.70" Hg.
C02 = 6.0% 002 = 5.2%
0o = 17.1% 0, = 17.7%
Ny = 76.9% Ny = 77.1%
Lime Trav. - Duct Gas ACFM5 Time Trav. Duct Gas ACFM
Day A" P- Temp vel. x 10 Day P. Tetup vel, x 10-
" Hoy0 °R Ft/Sec " Hy0 R Ft/Sec
8:45 0.86 1110 69.9 1.69 8:00 0.94 1125  76.9 1.85
9:45 0.96 1110 77.9 1.87 9:00 0.95 1102 77.3 1.86
10:45 0.93 1100 75.8 1.82 10:00 0.95 1118 78.0 1,88
11:45 0.88 1150 73.4 1.77 11:00 0.93 1128 76.7 1.85
12:45 0.87 1110 70.6 1.70 12:00 0.91 1134 75.3 1.81
l13:45 0.93 1105 75.9 1.83 13:00 0.91 1128 74.6 1.79
. 14:00 0.91 1141 75.6 1.82
. 15:00 0.94 1115 76.8 1.85
IAve/Day 0.91 1116 73.9 1.78 Ave/Day 0.93 1124 76.5 1.84




Ave/Day

Pime

Day

7:30
8:30
9:30
10: 30
11:30
12:30
13:30
14:30
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TABLE IV - CONT,

ROANOKE PROCESS GAS SURVEY

NO. 5 KILN BYPASS GASES

1979

AREA OF DUCT = 40.11 SQ. FT,

- PITOT TUBE COEF. = 0.83

10/15/79

Moisture = 4.9%

Gas Mol. Wt. = 29.09

Baro. Press. = 28.89" Hg

Duct Static Press. = -4.98" Hy0
Duct Press. Abs = 28.52" Hg

COp = 6.2%

02 =16.7%

N2 =77.1%
Traverse Duct Gas ACFM
AP ("H20) Temp (°R) vel. (ft/sec) (X105)
1.018 1103 83.27 2.00
1.005 1116 82.69 1.99
1.005 1107 82.36 1.98
1.011 1100 82.59 1.99
0.995 1142 82.81 1,99
0.999 1088 ' 8l.16 1.95
1.001 1144 83.39 2.01
1.001 1145 83.43 2,01
1.004 11138 82.71 1.99
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TABLE V

ROANOKE PROCESS_GAS SURVEY

NO. 5 KILN CLINKER COOLER RECOUP GASES

1979

- AREA OF DUCT = 25.22 5Q, FT..

PITOT TUBE COEF, = 0.83

_Sept. 16
Moisture = 0.72%

Gas Mol, Wt. = 28.80

Baro, Press. = 29,.01" Hg.

Duct Static Press. = 0.18" Hp0
Duct Press. ABS. = 29.02" Hg.

Moisture
Gas Mol. Wt. = 28.74

Baro. Press, = 29,04" Hg.

Sept. 17

= 1.0%

Duct Static Press. = 0.16" Hy0
Duct Press. ABS. = 29,.05'" Hg.

'
'
'
'
1
'
'
’
i
|
I
i

COp = 0.25% coy = .0.1%

0o = 20.95% 0y = 20,97

N, = 78.87%, N, = 79.0%
ime Trav. - Duet Gas AC}?'M5 Time Trav, Duct Gas ACFM_
ay SAP- Temp vel. x 10 Day P Tenp vel. x 10-

" Hy0 °r Ft/Sec " H,0 °R Ft/Sec

8:45 0.79 834 56.0 0.85 8:00 0.78 823 54.9 0.83
9:45 0.77 870 55.7 0.84 9:00 0.77 767 52.4 0.79
0:45 0.76 877 55.2 0.84 10:00 0.78 827 35.1 0.83
1:45 0.74 976 56.7 0.86 11:00 0.78 814 54.6 0.83
12:45 0.79 826 35.7 0.84 12:00 0.78 862 56.2 0.85
l13.45 0.79 860 56.9 0.86 13:00 0.80 805 55.7 0.84
14:00 0.76 887 55.6 0.84
15:00 0.78 848 55.8 0.84
lqve/Day 0.77 874 56.0 0.85 Ave/Day 0.78 829 55.0 0.84




Ave/Day

-Time
Day

8:00
3:30
9:30
10:25
11:25
12:25
13:25
14:25
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TABLE V - CONT.

ROANOKE PROCESS GAS SURVEY

NO. 5 KILN CLINKER COOLER RECOQUP GASES

1979

AREA OF DUCT = 25.22 SQ, FT.

- PITOT TUBE COEF, = 0.83

10/15/79

Moisture = 0.767

Gas Mol. Wt. = 28.73

Baro. Press. = 28.89" Hg

Duct Static Press. = 0.41" Hy0
Duct Press. Abs = 28,92" Hg

Co2 = 0.17%
02 = 20,85%
No = 79.05%
Traverse Duct Gas

VAP ("H20) Temp (°R) vel., (ft/sec)

0.78 833 35.41
0.74 866 54.33
0.75 840 53.50
0.75 818 52.80
0.73 868 52.94
0.77 803 53.71
0.74 855 53.26
0.74 872 53.79
0.75 844 53.72

ACFM
(X107)

0.84
0.82
0.81
0.80
0.80
0.81
0.81
0.81
0.81
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TABLE VI

ROANOKE PROCESS GAS SURVEY

NO. 5 KILN SYSTEM - GAS FLOW RATE, DATLY AVERAGES

Testing Date - Sept. 16

1979

6 Hr. Average

Location

Stack Gases

Precipitator Input Gases
Pre-Heater Exit Gases

Kiln By-Pass Cases

Glinker Cooler Recoup Gases

Testing Date - Sept. 17

Temp.
oF.
285
299
330
656
414

8 Hr. Average

Location

Stack Gases

Precipitator Input Gases
Pre-Heater Exit Gases

Kiln By-Pass Gases

Clinker Cooler Recoup Gases

% Value based 6n 002 balance and moisture level indi

preheater gases.

Testing Date - Qct. 15

Temp.
°F.
296
324
345
664
369

8 Hr. Average

Location

Stack

Precipitator Input Gases
Pre-Heater Exit Gases

Kiln By~-Pass Gases

Clinker Cooler Recoup Gases

Temp.
OF.
310
284
350
658
384

ACFM
273,000

- 255,000

172,000
179,000
85,000

ACFM
287,000
282,000
176,000
184,000
83,000

ACEM
186,000
259,000
196,000
199,000

81,000

% Moisture
11.3
11.9
14.1
4.5 * (Est.)
0.7

% Moisture
10.3
11.9
11.9
3.6 * (Est.)
1.0

cated for recoup and

% Moisture
11.4
12,0
15.2
4,9 * (Est.)
0.7

%_C02
11.3

14,5
24.1
5.2
0.1
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TABLE VII

ROANOKE EMISSION SURVEY

PARTICULATE AND PRECIPITATOR EFFICIENCY

1979

Runs Date Location Particulate Emissions % Efficiency

Wetx Dry* Wet Dry
9 8/4 Pptr, Input 4910 4830 98.7 99.2
10 Stack . 65.0 37.6
11 8/5 Pptr. Input 6630 6340 98.6 99.2
12 - Stack 89.7 53.5
13 8/6 Pptr. Input 7670 7530 99.0 99.5
14 Stack 76.9 38.5
Average 77.2 43,2 98.8 99.3

* Emission "Wet" weilght includes impinger catch
Emission "Dry" weight excludes impinger catch
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TABLE VIIT

ROANOKE EMISSION SURVEY

NO. 5 KILN SYSTEM - 1979

- A. EXHAUST GAS CHARACTERISTICS
Run Pitot Tube - Temp. % Hy0 Gas Stack Gas Static Gas
No. Factor or In Gas Density Press. "Hg. Press. "Hp0
9 0.83 846 13.2 28.84 28.38 -6.0
10 " 789 12.1 28.75 28.87 +.72
11 " 847 2.8 29,12 28.41 -6.0
12 " 777 12.2 28.82 28.91 +0.74
13 " 849 11.9 29.05 28.38 -6.0
14 " 799 12.7 28.76 28,87 +0.65
B. EXHAUST GAS FLOW
Run Temp. Duct Area VAP Velocity Volume CFH
No. F Sq. Ft. "Hy0 Ft./Sec ACFM St. Cond,
. Dxry x 10
9 386 55.0 1.29 93.05 307,000 9.49
10 329 78.5 0.88 61.40 289,000 9.71
11 387 55.0 1.28 91.89 303,000 9.74
12 317 78.5 0.89 60.98 287,000 9.96
13 389 55.0 1.28 92.16 304,000 9.51
14 339 78.5 0.91 62.67 295,000 10.10
C. GAS SAMPLING AND TESTING PARAMETERS
Run % Iso- ‘Nozzle’Size Test Duration’ Meter Temp. Meter Meter Meter Meter
No. Kinetic '5q.. Ft. Min.,. °R ° Volume Volume Press. Press,
' ' X .Ft. Std.Cond. "Hg. "AH"
Cu.Ft. "Hy0
9 101.3 0.000085 140 541 36.67 34,62 28.84 0.23
10 96.7 0.000289 144 541 87.30 82.62 28,91 1.22
11 98.1 0.000085 140 541 36.43 34.44 28.88 0.23
12 94,3 0,000287 144 541 88.00 82.62 28.95 1.26
13 100.5 0.000085 140 543 36.27 34.09 28.83 0.19
14 87.7 0.000287 144 543 83.92 79.16 28.92 1.31
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TABLE VIIT - CONT'D

ROANOKE EMISSION SURVEY NO. 5 KILN SYSTEM - 1979

D. GAS ANALYSIS AND METTIOROLOGICAL CONDITIONS

Run Gas Analysis Rel. Humidity Ambient Temp. Baro. Press.
No. Date %C0p 702 %N % o "Hg

9 8/4 12,2 13.6 74.2 76 68 28.82
10 8/4 10.2 15.0 74.8 76 68 28.82
11 8/5 11.0 14.2 74.6 81 70 28.86
12 8/5 10.8 15.0 74.2 31 70 28.86
13 8/6 ‘12,5 13.5 74.0 60 77 28.82
14 8/6 10.8 15.0 74.2 60 77 28.82




(4)
(B)
()
(D)
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TABLE IX

HOUSTON EMISSION STUDY

SULFURIC ACID & SULFUR TRIOXIDE EMISSION - EPA METHOD 8

1979
Normality of Std. H2S504 - 0.010
Mls. Std. H2S04 used - 20.00
Mls. Barium Perchlorate Solm. Req'd. - 20.30
Normality of Ba (CLO4) 3H20 Soln. - 0.0095
(D) = (A) (B)/(C)
(E) (F) (G) (1) (1)
Tot. Vol. Aliquot Quantity Vol, Vol.
Location Alcohol / titrated Factor Gas Sampled Ba(CLO;)
of 50, Mls. (E)/(F) @ std.Cond. Soln.
Test Mls, Dry - Cu.Ft. titrant
Mls.
Recoup 223 50 4.46 60.90 0.1
Gas 215 50 4,30 77.84 0.1
Duct 216 50 4,32 58.64 0.1
- 219 50 4.38 86.1 0.15
(I (K) () 1) (™) Hp504
Blank Net Run ConstA Conc.HpS04 Cone. as  Ibs/Hr.
corr. Titrant  (1.08X10™%) Lbs/Std.C.F. Sulfur $td.Cond.
-Mlis, Mls. (D)=(L) X 10~ Dry Lbs/std. Dry
(I-J) L K G C.F.Dry (M) (CFH)
(H) (-327) (M)
x 1076 X 10-6
0.1 0 1.03 - - -
0.1 0 1.03 - - -
0.1 0 1.03 - - -
0.1 0 1.03 - - -
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TABLE IX

HOUSTON EMISSION STUDY

SULFUR DIOXIDE EMISSION - EPA METHOD 8

I 1979
(A) Normality of Std. HpSO4 - 0.010
I (B) Mls. std. HpSOg4 used - 20.00
(C) Mls. Barium Perchlorate Soln. Req'd. - 20,30
(D) Normality of Ba(CLOz) 3Hz0 Solm. - 0.0095
' (D) = (&) (B)Y/(C)
I (E) (F) (G) - (H) (D
Tot. Vol. Aliquot Quantity Vol. Vol. |
: Location Peroxide/ titrated Factor CGas Sampled Ba(CLO2) :
l Sample of S09 Mls. (E)Y/(F) @ std. Comnd. Soln.
No. Test Mls. Dry - Cu.Ft. titrant
l Mls.
- 27 Recoup 700 5.0 140 60.90 0.3
' 28 Gas 670 5.0 134 77 .84 0.2
29 Duct 650 5.0 130 58.64 - 0.2
30 670 5.0 134 86.1 0.15
&) (X) (L) Q1) (M 802
l Blank Net Run Conc.502 Conc. as Lbs/Hr.
Sample corr. Titrant Constant Lbs/std. Sulfur Std.Cond.
No. -Mls. Mls. (7_.05x10‘5; C.F. Dry Lbs/std. Dry
' (I-3) (@) X107  (L)(X)(Q) C.F. Dry (M) (CFH)
(H) 0.5)()
X 10° x 10-7
.l 27 0.1 0.2 6.7 3.08 1.54
28 0.1l 0.1 6.7 1.54 0.77
29 0.1 0.1 6.7 1.54 0.77
I 30 0.1 0.05 6.7 0.77 0.39
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ROANOKE EMISSIONS SURVEY

NO. 5 BY-PASS GAS DUCT

VELOCITY SAMPLING TRAVERSE
FIGURE 3
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ITI. DISCUSSION OF RESULTS

(A) Gas Parameters At Different Locations

Results showed range of variation of parameters during testing at
various stages in process remained rather constamt. For details note raw data
in Appendix I, as well as, summary data included in Tables I-V.

Table V showed stack gases to have a volume of around 280,000 ACFM
with 10-11% moisture derived from both combustion and pelletizing processes.
CO» at around 11% with oxygen at 14.57% was consistent with cement processes
that theoretically exit gases from the kiln at 35-37% CO2. (No excess air and
assuming all C02 liberation from raw mix occurs in the kiln.) The stack gas
temperature was around 300°F. '

Precipitator input gas volume was somewhat less than stack gases
at slightly higher moisture (1%), slightly richer in CO2 and at a little higher
temperature (209-25°F). Accordipngly, all precipitator imput gas characteristics
were exactly what might be anticipated and were at the proper magnitude to indi-
cate a slight infiltration of outside air between the two testing locations -
probably around the induction fan.

Preheater gases of considerable volume @ 175,000 ACFM showed a
rather high G0y level indicating limited adulteration by outside air. Pre-
heater temperatures were quite low @ 330-345°F, When one considered exit gases
from the kiln were 1900°-2000°F, the obvious conclusion was that excellent heat
transfer from kiln exit gases to kiln feed pellets existed since this was the
only way to lower kilm exit gas temperatures drastically and still maintain a
high level of COj. Also, note the moisture was around 137 which was consistent
with the CO2 level and the combustion process. Off hand, one might conclude
that 137 moisture @ 247 COp was mot consistent with 127 moisture @ 147 CO2 as
shown for gas composition later in process at the precipitator input. However,
all comes into balance when one considers the air dilution of gases from 247
CO2 to 14% CO7 (water dilution from 137 to around 7.57) was associated with the
moisture addition from pellets. Pellet water raised the gas moisture level to
around 127, as shown, for precipitator input gases.

Bypass gas at 650°F and 6% CO, was about what one would expect if
¥ of the bypass volume conmsisted of kiln gases @ 24% C02 and 1950°F were mixed
with 314 ambient and recoup air. This being the case, about 45,000 ACFM kiln
exit gases were bypassed rather than preheated the raw mix.

Recoup gases showed a relatively low temperature since they were
produced by heat transfer from hot clinker at the low potenmtial section of the
clinker cooler. Since "recoup" gases consisted only of heated ambient air, one
would expect the CO, and moisture level of recoup gases to be very low, essen-
tially zero, which was the case.

(B) Precipitator Effiency

Runs 9-14 reported 3 sets of runs made on the stack and precipitator
jnput simultaneously. The stack and precipitator "output” were considered to
be one and the same insofar as the end result was concerned. Note, results were
reported at both ends of the precipitator (imput & stack) on a "Lbs/Hr" basis
making the recorded weight rates independent of volume rate. This precluded any




error that might seem to occur due to infiltrated air. That is to say, infil-
trated air would decrease the concentration of particulates but yield a larger
volume so that the product of concentration times volume remains the same.

Simultaneous collection of data before and after a unit under
test eliminated any error due to variance that might occur if the unit input
and output were measured singularly at different periods in time.

Note, the precipitator efficiency (Table VII) has been reported by
two methods - "Wet Efficiency" and "Dry Efficiency”. The output component of
"Wet Efficiency"” consisted of particulates that were collected on a filter
plus material that passed the filter - probably for the most part as a vapor -
and was absorbed in the water of the impingers. The impinger water, following
testing, was evaporated leaving the absorbed material as solid erystals. The
output component of "Dry Efficiency' consisted of particulate solids that one
would normally consider as dust which was collected on the filter.

Also, consider that the "wet emission" was roughly twice the mag-
nitude of the "dry emissions' which made a significant difference in the cal-
culated precipitator efficiency as shown in the Table VII under results on a
wet and dry basis.

The No. 5 Roanoke kiln system associated possibly with the nature
of Roanoke raw materials gives rise to an "ammonium compound" phenomenon that
has not been noted at other Lone Star plants. This is not to say that the
phenomenon is non-existant at other Lone Star plants, but we have not detected
same, OQf concern was the order of magnitude of this phenomenon which was
notably greater at Roanoke No. 5 kiln system.

The No. 5 kiln system produced the usual dust which was granular
in pature and remained as a well established particulate at kiln temperatures
(except the Burning Zone). These are the type of particulates which do not
easily undergo a change of state (solid, liquid or vapor) and that the precipi-
tator was designed to remove since they possess electrostatic characteristices
and can be attracted to electrodes for concentration and removal from the gases.

Also, the kiln system produces an "amponium compound" that has been
associated with sulfur, sodium and potassium with possible trace elements. The
nature of the ammonium compounds, which may or may not be a solid at kiln system
exit temperatures, but rather a vapor, does not seem to be effectively removed
by electrostatic precipitation. There was some evidence that the ammonium com-
pound existed largely as a vapor at stack temperatures of 300°F and remains as
a vapor to below 250°F (filter oven temperature). This was the reason why most
of the ammonium compound ended up in the inpinger with little to no evidence
of salting out in the pores of the filter. If only a portion of the ammonium
compound that was collected in the impinger condensed in the pores of the filter
there should be a notable pressure drop across the filter, as well as, some
indication of the ammonium compound white crystals on the filter,

The ammonium compound (NH, SO3 *+ NAO - K0, etc.) has been cited
in the literature as a kilnm product from other cement clinker kilns in this
country and abroad so that it was not unique to the Roanoke No. 5 Kiln System.




The practical significance of the existing "ammonium compound"
was that it loads the stack gases with particulate emissions, though ironically,
as it leaves the processing equipment (pptr. & stack), it was mainly a vapor.
Unfortunately, the definition of particulate emissions included the recovered
solids from inpingers in the Commonwealth of Virginia so that the wvaporous
ammonium might just as well be conventional particulates, such as, clinker or
raw mix dust, with respect to the regulations. '

Recalling again, data in Table VII, showed that the difference
between "wet'" & "dry" particulates was the "ammonium compound" which was about
half of the total. That is to say, inclusion of the "ammonium compound" almost
doubles the particulate emission burden so that the conventional dust designed
for removal by the electrostatic precipitator can be only about half the allow-
able limit if the total load remained in compliance.

It should clearly be pointed out for future consideration - like
the proposed Georgetown Plant - that at locations where:

(a) the process equipment configuration and/or raw materials sig-
nlflcantly produce the "ammonium compound'" phenomenon and,

(b) 1local emission regulations include the 1mpinger catch, parti-
culate abatement processing should be considered as a double funection.

(1) Electrostatic precipitation or bag house filtering to remove
conventional particulates. '

(2) Spray System, etc. for the absorption and rqnoval of "ammonium
compounds” from the- ‘process gases.

At Roanoke Bill Cavanaugh has conveniently solved the "ammonium
compound” problem of excessive particulate emissions (conventional and ammonium
compounds) by minimizing the volume of stack gas. This has been accomplished
by using stack gases for drying the raw mix. However, when the total kiln gases
were emitted from the kiln stack - though the precipitator was operated at peak
conditions - the wet particulate emissions consistently exceeded the allowable
limit. (See Virginia, 1979, Emission Survey Report, Table I, No Gas Bypassed)

Though splitting the stack gas load was conceived in the interest
of fuel economy, its side benefit of reducing stack emissions from the kilmn
stack has developed as a major plus for the Gas Bypass System.

People being what they are, it is conceivable that the time might
come when the Regulatory Group might view the Kiln Bypass System, not only as
an economic move to recover energy, but speculate that it was conceived pri-
marily as a means to circumvent the intent of the regulations by restricting
particulate emissions. If this happens, undoubtedly we would be obliged to
test the raw mill stack which potentially could open a2 new can of worms. At
this time we have no idea as to the particulate nature of the raw mill stack
but suffice it to say, raw mill emission allowables are less than kiln stack
emission allowables. (See Virginia Regulatiomns)

(C) Sulfur Determinations

Sulfur analysis tabulated in Table IX indicate concentrations in
recoup gases at less than 1 ppm. Though the lower limit of defection was
probably beyond the actual sulfur content of the gas, the fundamental objec-
tive was accomplished. Similar testing of clinker cooling gases has shown
essentially no sulfur content though hot clinker invariably freezes some sul-
fur on cooling that might conceivably be liberated to the cooling gases.
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Supplement

It would seem the rerun on gas parameters measured simultaneously
was performed with tabulated results added to Tables 1-3 om October 15. These
results were summarized in Table VI so that they could be readily compared
with work done in September without having to turm a page.

In a word, the work done on October 15 was just about a carbon
copy of work done on September 16, as well as, in close agreement with work
on September 17. ’

There are two noticable differences in the rerun data vs. initial
work.

1. The ACFM up the stack on September 16 & 17 included all the
kiln process gas; whereas, the ACFM up the stack on October 15 included only
a portion of the kiln process gas. The difference between 186,000 ACFM shown
on October 15 and approximately 300,000 ACFM shown in September represents
bypass gas that was used to dry raw mix for a one raw mill operation.

2. Note the stack temperature recorded for October 15 was 310°F;
whereas, the precipitator input temperature was 284°F. Of course this canmot
be the case - especially over an 8 hour period with approximately 200 indivi-
dual temperature entries making up the average at each location. The indicated
temperature at each location showed the normal and usual variation. Accordingly,
we were led to believe the discrepancy was due to one or both of the thermo-
couple indicators being out of calibration - a fact which was confirmed later.

-




v. RECOMMENDAT TONS

1, TFor best system testing results, simultaneous testing of the various
component parts should be undertaken whenever practical.

2. New particulate abatement systems should include adequate facilities
for removal of conventional particulates as well as pseudomorphic "ammonium
compounds" if their presence can be anticipated.

Supplement -

If equipment modification or adjustments are calculated to influence gas
flow in the kiln system, it is recommended testing should be done just before
the adjustment and repeated immediately thereafter in order to yield the best
data on system gas behavior.
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Interoffice Memo

@ﬁj’LOﬂE STAR INDUSTRIES, INC.

P. O, Box 2148, Housion, Texas 77001

Originating Office: Central Research Laboratory

_ Date:  pecember 7, 1977
PERSONAL § BUSINESS CONFIDENTIAL

TO: Mr. W. J, Cavanaugn
Roanoke Plant

FROM: D. V. Vu

SUBJECT: Volume ‘easurements and SOX and NOX Monitoring

CC: Messrs: G. F. Messinger
C. D. Fehnel
C. W, Moore
W. W. Hurst
J. D. Davenport

Dear Mr. Cavanaugh:

At your request, two tests were made at the plant on
three days: November 29, 30 and December lst, 1977.

The first test was to measure the Volume Flow rate and
Temperature of the kiln exit gas at two locations: Cooling tower
inlet for kiln #1, and cooling tower outlet for kiln #4. The test
was conducted in accordance with EPA - Method 2 given in Federal

Register, Vol, 42, No. 160, dated August 18, 1977. The results
showed :

Date
(1977) Location Volume Temperature
(ACFM) (F%)
11-29 Cooling Tower Inlet 80,000 1074
(Kiln #1) )
11-29 Cooling Tower Outlet 93,600 . 773
(Kiln #4)

The second test was to monitor continuously and simultaneously the
SOX and NOX levels by Envirometrics Analyzer, Model NS-300, at three
different locations of kiln #5. The results showed:




l |

Mr,

Date

(1977)

11-30

12-1

12-1

W.

J. Cavanaugh

Location
Precipitator
Cutlet

Preheater Inlet
(Under Grate)
Kiln Exit
(Over Grate)

December 7, 1977

-2 -
Temperature S0X, ppm
(°F) (Dry Basis)
~ 400 80-100
~ 700 {10
~1800 {10

NOX, ppm

(Dry basis)

450-500

900-1000

v 1000

Also, enclosed please find all the data and calculations of the results.

DVV/po

Encl.

Respectfully submitted,

D. V. Vu
Environmental Control Engineer
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Discussion:
—o2eees VN

The objective of the first test was originally planned
to measure the volume flow rate of exit gas of kiln #1 and #4 at the
Cooling Tower Inlet of each Kiln, (See Fig. 1 for plant equipnment
arrangenent). There are 4 ports at Cooling Tower Inlet Duct of Kiln #1,
but only one port at Cooling Tower Inlet Duct of Kiln #4, and this only
port was insufficient to measure the volume flow rate of Kiln #4's exit
gas, according to EPA - ethod 2. Therefore, the volume measurement for
Kiln #4 was instead made at its Cooling Tower Outlet Duct which has
enough ports (4), and the volume was greater than the one measured at

Kiln #1 Exit {even though the kilns are about the same size), due to
the added cooling water.

Three different locations of Kiln #5 (see Fig. 4):
Preéipitatqr Outlet, Preheater Inlet (under grate) and Kiln Exit (over
grate) wéfé chosen to measure the $OX and NOX concentrations. Each
location has only one nort which, however, is sufficient for the sample
probe to collect gas sample for Envirometrics Analyzer. The sample
probe consists of a stainless steel filter which was connected to a
5/8" (0.D.) stainless steel rod by a galvanized counling. At the kiln
exit location (over grate), due to a high temnerature ( ~ 1800°F), this
coupling had melted and dropped the filter in the feed bed, after nearly
10 minutes of sampling and monitoring by the Analyzer. This accident,
however, was exvected and discussed before the sample probe was put in
the kiln exit port, but it was worth this to know how long the gas sample
could be collected and analyzed so that the SOX and NOX levels would be
recorded at this location. It was noted that the NOX concentration at

this location was much higher than the analyzer's maximum range which is
1000 ppm.

The SOX level at the precipitétor outlet of kiln #5 was about
100 ppm which should be nearly the same as the SOX concentration in the

stack. This result will be confirmed again by conducting EPA - Method 8
at the stack in a future date. . j

L
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Gas Flow Rate Calculations:

1. Kiln #1 Exit Gas (Before Cooling Tower)

(a) Velocity

The formula for calculating gas velocity, given by
EPA - Method 2, is:

V = 85.49 x Cp x ( JAP)avg. X

where:

*Cp = Avg, Pitot Tube Coefficient

= 0.79, from Table 1
*(/AP)avg = Square Root of Velocity head, avg.
| = 0.63, from Table 1 |

* = @
Ts (avg.) Average Duct Temperature (°R)

= 1534 °R, from Table 1

*P_ = Absolute Duct gas Pressure, mm Hg
N Pbar * Pstatic

(0.40)
28.96 - (13.6)

it

28.93 mm Hg

*
=
i

Molecular Weight of Duct Gas, Wet Basis,
Lb/Lb. mole

My (1 - % H,0) + 18( % 11,0)

1]

*
=
i

3 Molecular weight of Duet Gas, Dry Basis,
Lb/Lb. mole

= 44 (% coz) + 32(% 02) + 28(% NZ)

The moisture of Kiln Fxit Gas was approximately 6% and Orsat

Analysis of one gas sampie gave: CO, = 22.5%,

2

e et e

ol

S R L A T e ol . L

P T A b e




-5

O2 = 8% and Nz = 69.5%. Therefore,

Mg = 44(0.225) + 32(0.08) + 28(0.695)

= 31.92 Lb/Lb-mole

and Ms = Md(l - % HZO) + 18(% HZO)
= 31.92(1 - 0.06) + 18(0.06)
= 31,08 Lb/Lb-mole
Hence: 1534 —
\ = 85,49 x 0.79 x 0.63 x (28.93) (31.08)

= 585,537 ft/sec

(b) Gas Flow Rate

= V x 60 x Cross Sectional Area
= 55.57 x 60 x 24
= 80,000 ACFM

2. Kiln #4 Exit Gas (After Cooling Tower)

(a) Velocity

Ts(avg.)

'} =85.49xCDx (,/Ap) X

ave. 0L
Here,

* Cp = 0.79, from Table 2
* (/A P)avg. = 0.80, from Table 2
* T = 773°F or 1233°R, from Table 2

s(avg.)
_ 1.20
* Ps = 28.96 - 135 ° from Table 2

28,87 mm Hg




* With Moisture = 12% and CO, = 16.5%,

%,

Hence,

2
10.5% and N2 = 73.0%

44(0.165) + 32(0.105) + 23(0.730)
31,06 Lb/Lb-mole

31.06(1 - 0.12) + 18(0.12)

29.49 Lb/Lb-mole

1233

85.49 x 0.79 x 0.30 x -V/(28.87)(29.49)

65.02 ft/sec

Rate

V x 60 x Cross Sectional Area

65.02 x 60 x 24

93,600 ACFM .

s s
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Table 1

Velocity Traverse Data

]
i
l Plant : Rcanoke
Location : Kiln #1 @ Cooling Tower Inlet
l Date _ : 11-29-1977
Duct Dimensions, £+, : L x 6
l Barometric Pressure, mm gg : 28,96
Cross Sectional Area, ft : 24
Pitot Tube
' Avg, Coefficient, Cs : 0, 79
' Last Date Calibrated : April 1977
l Traverse Velocity Head Temrerature Static Press, VA—P
' Point No, AP, in, H,0 | Op in, H,0
1 0,31 1985 -—- 0.56
' 2 0, 38 1080 - 0,62
3 C.53 1083 -0,40 0,73
| N 0,49 1089 --- 0.70
5 el 1088 - 0,66
' 6 C.38 1085 -— C.62
4 0,28 995 - 0.53
8 0,32 1086 -— 0.56
I 9 Port G, 39 1094 =-0.40 0,62
10 { # 2 O.46 1096 - 0.68
l LA 0,45 1094 -— 0,67
12 Ol 441 1089 O.64
l 13 0,32 998 - C.56
14 0.37 1089 —— 0,61
l 15\ port O.42 1098 ~0,45 O.§5
16 | #3 Qolply 1099 -— 0,66
17 Ou49 1097 - 0.70
l 18 Qo4 1088 - 0,66
19 0.24 995 -—- 0,49
i 20 0,28 1082 - 0.53
| 21\ pops 0,38 1083 -0, 36 0.62
I 22 [ # 4 Oek9 1098 - 0.70
23 0.45 1093 - 0.67
l 24 Ouls7 . 1090 - 0,68
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l Table 2
l Velocity Traverse Data
' Plant : Roanoke _
Location : Kiln #4 @ Cooling Tower Outlet
Date : 11-29-1977
I Duct Dimengicns, ft. : L x 6
Barometric Pressure, mm Hg : 28,96
l Cress Sectional Area, 72 : 2L
Pitot Tube
I_ hvg. Coefficient, C_ : 0,79
Last Date Calibrated April 1977
' Traverse Velocity Head Temperature Static Press, JZ_P
l Point Mo, AP, in, E,0 OF in, H,0
1 Ooly] 760 ——— O.64
l 2 } Q.62 765 ——— 0.79
3 Port oan 769 -1,20 0.86
4 # 1 0.66 775 -— Q.81
l 5 ’ 0,73 779 ~——- 0.85
6 0,67 772 - 0.82
i v 0.51 761 —- 0.71
8 0.53 778 - 0.73
| | 9\ port 0,77 782 -1.20 0.88
10 # 2 0,78 781 - 0.88
l 11 : 0.70 780 -—— 0.84
12 0,60 772 - 0,77
- 13 0.42 759 --- 0.65
l 14 O 47 768 - 0.68
15 Port 0,78 779 ~1.20 0,88
i 16 [ #3 0.76 788 —- 0.87
17 0.72 787 - 0.85
l 18 0,60 781 - 0.77
19 0.47 755 -—- 0.68
. 20 0.56 761 - 0.75
21 Port Q.78 768 - -1.20 0.88
22 74 Q.79 779 -— 0.89
. 23 0,75 776 -—- 0.87
l 24 0.65 768 -— 0.81




Figure 1:

Figure 2:
Figure 3:
Figure 4:

Figure S:

Figure &:

‘Figure 7:
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List of Figures

Test Locations for Glas Flow Rate Measurements
“Traverse Points for Cooling Tower Inlet Duct
Traverse Points for Cooling Tower Outlet Duct
Test Locations for SOX and MOX Monitoring

Chart Recorded SOX and NOX Levels @ Precipitator
Outlet (Kiln #35)

Chart Recorded SOX and NOX Levels @ Preheater
Inlet (Kiln #5)
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Figure 3
ROANQKE PLANT
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Figure 5

S0, & NO, Levels @ Precip, Outlet (Kiln #5)
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Figure 7

Levels @ Over Grate (Kiln #5)
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Interoffice Memo

ﬁLONE STAR INDUSTRIES, INC.

P. O. Box 2148, Houston, Texas 77001

Originating Office: Central Research Laboratory

Date: December 22, 1977

TO: Mr. George Messinger
FROM: C. W. Moore

SUBJECT:  Volume Measurements and SOX and NOX Monitoring
Mr. Vu's Report of December 7 on Roanoke

cC: Mr. C. D. Fehnel
Mr. W. W. Hurst
Mr. D. V. Vu

Earlier this month, I forwarded Duc Van Vu's report
on volume measurements and SOX and NOX measurements dated
December 7, 1977. Under the circumstances of time and expediency
the work appears to have accomplished its objectives, and the

report is a good report for our internal use, which was the only
intent of the process oriented work.,

The lack of suitable test ports seriously affects
the conclusions that may be drawn from the data, and they must
be interpreted with close attention to the test conditions and
locations. Stewart Fritts has given me comments on the report,
which I attach. I would suggest appending them to the report
when it is transmitted to Bill Cavanaugh.

CWM/po
1 Encl.

1
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Vf]n.oms STAR INDUSTRIES, INC.

One Greenwich Plaza, Greenwich, Connecticut 06830

- December 8, 1977 . Interoffice Memo

Tb: ' Clyde Moore
FROM: Stewart S, Fritts
SUBJECT: Roanoke Report - Volume Measurements - Duc V. Vu

. I have had the opportunity to review Duc's excellent report covering

recent testing at the Hoanoke, Va. Plant. The report has been well
Iresented and covers the essential facts as requested by Bill Cavanaugh,

However, it should be emphasized the data as developed is predicated on
less than favorable testing conditions and any conclusions based on the
data should be accepted with reservation,

As an example the test locations for Kilns 1 and 4 are not favorable for
securing the best flow patterns and hence subject to questionable inter-
pretation regarding velocities and volumes even though the velocity pat-

.terns appear to be in line - and certainly better than the flow patterns
indicated by the recent Nazareth testing.

Duc notes the testing program was initiated with the objective of measur-
ing flow rates of the exit gases from both Kilns # 1 and # 4; but because
testing ports were not available ( in accordance with good testing prac-
tice ) it was agreed to test the Inlet to Cooling Tower # 1 and the Qutlet
from Cooling Tower # 4 and to assume the operating conditions were comp-
arable for all kilns,

This besic assumption is not correct because each kiln - in any plant and
more especially at Roanoke - does not operate comparably at any one time
and most certainly they do not operate uniformly all of the time. There-
fore we can never assume operating conditiens for Kiln # 1 will obtain at
the same time as Kiln # 4 ; and any conclusions based on this assumption
would be subject to critical examination.

At Roanoke the No, 4 Kiln system has a potential capacity of 20 T/H while
the No. 1 Kiln system rarely exceeds 18 T/H. While the kilns are all of
the same size the Cooler and Kiln Exhaust Fan for the No. & System is some
15 to 20 percent greater than the Cooler and Kiln Exhaust Fan for the

No. 1 Kiln system. Again I must emphasize the two systems are not comp-
arable. '

It is of course disturbing to note - in the interest of expediency - we
accepted testing conditions that were not in compliance with the best
testing practice: and I refer specificately to the fact that there were
insufficient testing perts - at the proper location - for good sound tests.




4

As you and I well know any testing program does not develop without a
respectable expenditure of time and money; and it serves little purpose to
make a study of opera ting conditions without first of all securing the
fundamental factors that will contribute to the development of the best
known facts upon which our conclusions must be based.

I refer especially to the testing conditions that existed at Roanoke were the
test ports were not adequate not were they at the proper location; and the

Roanoke situation is not singular since we noted a similar condition at the
Nazareth Plant, :

At Nazareth we accepted inadequate test ports and staging and now find our
test results are very questionable even after some five months of concen-
trated efforts to reach responsible conclusions, The Nazareth situation
is even more disturbing because we are confronted with the spectre of pos-
sible non-compliance with regulations promulgated by State environmental
authorities and having to accept data based on less than favorable testing
conditions. ‘ _

In the final analysis I do not believe we can afford - economically - not

to do the best job we know how and to present our data in the most favorable
light but to do this job we must insist on having the proper number of test
ports and at the best - but at the same time a Teasonably practical -~
location.

With ydur,transmittal of Duc's report to Bill Cavanaugh I would suggest you
specially call to Bill's attention the fact that adequate test ports were
not available and that the test data for Kilns #1 and # & should be accepted

with considerable reservation even though Duc and his group performed their
task with the highest efficiency and dispaich under the limited circumstances.
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PARTICULATE EMISSION
TESTING AT ROANOKE

1979




Interoffice Memo

‘;’E’ LONE STAR CEMENT INC.

‘ P. 0. Box 27, Cloverdale, Virginia 24077

Originating Office:  Central Research Laboratory

Date: November 1, 1979

PERSONAL & RUSINESS CONFIDENTIAL

TO: W. J. Cavanaugh
FliOM: W. W, Hurst
SUBJECT: Particulate Emission Testing at Roanoke Plant

CG: G. F. Messinger
C. D. Fehnel
C. W, Moore

Stack particulate emissions were tested on days between July 22
and October 12. Survey included 45 complete runs associated with Kiln
System Nos. 1-5. Testing was 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 August 18, 1977, and modified so as
to meet the requirements of the Commonwealth of Virginia State Air Pollu-
tion Control Board. '

Objectives were:
(1) Determine normal level of stack particulate emissions.
(2) Observe stack gas opacity during course of stack particu-
late testing on Stacks 1 - 5. Observations to be made
by Virginia Air Control Board and Lone Star plant personnel.
(3) Obtain Lear Siegler continuous monitor average readings

from strip chart during particulate source testing of stack
by E.P.A, Method 5.




W. J. Cavanaugh -2- November 1, 1979

Results showed average conditions for each Kiln System as

follows:
Location Temp. - Volume Emission Opacity
Kiln Stack Ny ACFM Lbs/Hr Lear Sieg. 0BS
- D scka
1 401 65,700 28.4 34
2 Postponed
3 420 60,700 23.6 25 15.7
4 413 70,900 28.9 31 19.9
5 % 332 288,600 16| 7ov 38.4 14
5 %k 326 192,000 |.g \fo 20.3 14
5 k% 296 86,650 o cge 12.2 11
TaB Le X

# No Gas Bypass
*% Gas Bypass to one Raw Mill
*%¥ Gas Bypass to two Raw Mills

Respectfully submitted,

1
W. W. Hurst, P. E.

WWH/ tab
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1. Introduction

Since our last testing period during the summer of 1978, a
Sonic Spray System was added to each of the cooling towers and Kilns
No. 1-4, as well as a major modification to the No. 5 Kiln System. All
process alterations cited above were implemented so as to loﬁer the
particulate stack emission burden and improve to emission rate. Upon
completion of these process modifications, the plan, which was con-
ceived with the participation of the V,A.C.B., was to retest all stacks
so as to realistically evaluate the process upgrading.

Upon the request of Mr. Cavanaugh, Roanoke Plant Manager,
personnel of the lLone Star Central Research Laboratory conducted particu-
late emission test on the stacks during the period of August 4 - October
12, 1979. The V.A.C.B, was advised of ouf plans prior to each test so
that they might be available for testing and/or opacity observations.,

The V.A.ClB. personnel performed opacity observations during some of our
test but not all.

The purpose of this repoft is to present test data and evaluate
the results. In the case of stack emissions, results are viewed in light
of present source standards for the Commonwealth of Virginia and the
Environmental Protection Agency.

The test program consisted of complete runs utilizing Isokinetic
Sampling Techniques for particulate loads at the stacks. In genéral, the
aim was to conduct three good sets of simultaneous tests at each of the
locations. Some tests were lost due to operational manfunction--usually

as a result of equipment breakage during testing.




Kiln No. 3 which averaged 23.6 lbs/hr. emissions was in com~
pliance since the allowable was 34.8 lbs/hr. All testing results of this
operation were consistently in the range of the average.

Kiln No. 4 averaged 28.9 lbs/hr. emissions with an allowable
of 40.2 ibs/hr. The No. 4 kiln was somewhat larger than Kilns 1-3 and
thus the increased allowable. Kiln 4, as in the case of Kiln 3, showed
consistent results varying little from the average.

The allowable for No. 5 Kiln Stack was 41.9 ibs/hr., whereas,
emissions varied between 38.4 and 12.2 lbs/hr. depending on the amount of

stack gas bypassed to the Raw Mill for heating purposes.




TABLE I

ROANOKE STACK EMISSION

PARTICULATE EMISSION

(.'
l' I

1979
Exhaust Gas
Run Date Temp. Volume %
No. 1979 oF ACFM Hy0
I-Kiln Stack #1 :
45 9-29 404 60,600 17.1
46 9-29 408 62,200 18.38
47 9-30 386 53,700 16.5
48 9=-30 399 65,800 17.3
49 10-1 406 73,900 16.6
50 10-1 403 77,900 17.9
Ave. 401 65,700 17.4
II-Kiln Stack #2 :
POSTPONED
IT-Kiln Stack #3 :
51 10-4 417 61,600 17.3
52 10-4 422 60,100 16.6
53 10-11 432 59,800 15.8
54 10-11 415 61,200 16.4
55 10-12 416 59,600 16.3
56 10-12 415 61,600 1lé6.6
Ave. 42Q 60,700 16.5
IV-giln Stack #4 :
39 9-19 423 74,000 13.0
40 9-19 421 73,000 12.5
41 9-20 428 71,000 12.8
42 9-20 412 69,000 13.3
43 9-27 401 68,200 14.7
44 9-27 395 70,100 15.8
Ave, 413 70,900 13.7

Particulate Emission Rates

T-1

Mgs /M Grains/ Lbs./SCF,  Lbs/
Std. Cond. SCF Dry Dry (10 ©) Hr.

117 0.051 7.3 12.9
131 0.057 8.2 14.5
164 0.071 10.2 16.4
153 0.067 9.5 18.4
357 0.156 22.2 48.0
430 0.187 26.8 60.2
225 0.098  14.0 28.4
195 0.085 12.2 21.4
260 0.113 16.2 28.0
241 0.105 15.0 25.7
209 0.091 13.0 23.0
210 0.091 13.0 22.5
189 0.082 11.8 20.8
217 0.095 13.5 23.6
206 0.090 12.8 26.9
244 0.106 15.2 30.5
216 0.094 13.5 29.0
23 0.101 1.4 29.6
205 0.089 12.7 26.5
235 0.102 14.6 31.0
188 0.082 11.7 28.9




T-1 Cont'd
TABLE I (CONT'D)

ROANOKE STACK EMISSION - 1979 PARTICULATE EMISSTION

Run  Date ' Temp.  Volume 7% - Mgs/M3 Grains/ Lbs./SCF Lbs/
No. 1979 _°F ACFM_ H0 Std, Cond. SCF Dry Dry (10~%)  mr.
V-Kiln Stack #5 (No Gas Bypass) :
7 7-26 348 288,000 13.5 77 0.034 4.8 45.3
8 7-26 347 284,000 13.1 29 0.013 1.8 17.1
l " 10 8-4 329 289,000 12.1 62 0.027 3.9 37.7
N ',” 12 8-5 317 287,000 12.2 86 0.038 5.4 53.4
L 14 . 8-6 319 295,000 12.7 61 0.027 3.8 38.5
l Ave. 332 288,600 12.7 63 0.028 3.9 38.4
VI-Kiln Stack #5 (Gas Bypass to One Raw Mill) :

. 1 7-323 374 198,000 11.0 39 0.017 2.4 15.5
2 7-22 344 204,000 11l.6 45 0.020 2.8 19.3

*3 7-24 337 199,000 11.2 41 0.018 2,6 17.5

l 4 7-24 336 200,000 12.7 32 0.014 2.0 13.6
5 7-25 346 145,000 13.0 90 0.039 5.6 27.0

*6 7-25 346 147,000 7.6 28 0.012 1.7 9.0

15 8-18 335 188,000 11.9 31 0.014 2.0 12.5
' 16 8-18 338 195,000 13.1 30 0.013 1.9 12.3
23 9-2 304 188,000 14.0 104 0.046 6.5 42.0

24 9-2 300 193,000 12.5 72 0.032 4.5 30.6
l 25 9-3 307 196,000 13.5 69 0.030 4.3 29.0
*26 9-3 301 179,000 - 4.8 22 0.010 1.4 9.5

} 31 9-4 302 201,000 15.1 58 0.025 3.6 24.7
L" 32 9-4 301 204,000 12.0 47 0.021 2.9 21.3
. Ave. 326 192,000 12.8 | 51 0.022 3.2 20.3

l * Data from Runs No. 3, 6, & 26 were not included for average due to breakdown
- of testing equipment.
'VII-K:l'.ln Stack #5 (Gas Bypass to Two Raw Mills) :

17 8-22 310 "74,900 10.3 36 0.016 2.3 6.0

13 8-22 303 76,400 6.5 53 0.023 3.3 9.5

19 8-23 303 108,500 9.2 36 0.016 2.3 9.0

l 20 8-23 291 110,000 10.9 69 0.030 4.3 17.2
21 8-30 287 75,900 12,2 55 0x024 3.4 9.3

22 8-30 280 74,200 11.3 132 . 0.057 8.2 22.3

' Ave, 296 86,650 10.1 _64 0.028 4.0 12,2

(
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TABLE 3 T-3

ROANOKE EMISSION SURVEY

PROCESS RATE, CONSUMPTION AND PRODUCTION

1979

(|
e
>

Clinker
Fuel Water Feed Water Production Cooling
' Run Kiln Rate In Rate In Raw Rate Water
l No. Date No. .T/H Coal T/H Mix T/H Gal/Min
45-46 9-29 1 3.3 6.9 21.9 0.42 14.6 22
l 47-48 9-30 1 3.4 5.6 20.7 0.39 13.8 25
_ 49-50 10-1 1 3.4 8.8 21.0 0.56 14.0 26
' Average (Kiln #1) 3.4 7.1 21.2 0.46 14.1 24
o 2
2 POSTPONED
1 :
Average (Kiln #2)
' 51-52 10-4 3 2.7 7.3 22.1 0.53 14,7 26
53-54 10-11 3 2.8 7.2 21.9 0.52 14,6 25
@ 55-56 10-12 3 2.8 7.5 20.7 0.48 13.8 24
" Average (Kiln #3) 2.8 7.3 21.6 0.51 14.4 25
l 39-40 9-19 4 3.0 5.4 26.0 0.45 17.3 24
' 4142 9-20 4 2.9 6.3 25.6 0.38 18.4 25
43-44  9-27 4 3.0 6.6 32.1 0.38 21.4 29
' Average (Kiln #4) 3.0 6.1 27.9 0.40 19.0 26
1-2 7-22 5 8.5 4.9 95 0.30 59 37
l 3-4 7-24 5 9.3 5.0 105 0.28 66 48
' 5-6 7-25 5 9.4 7.3 105 0.32 66 49
15-16 8-18 5 9.9 5.2 105 0.34 66 49
' 23-24  9-2 5 9.8 6.8 110 0.38 69 50
25-26 9-3 5 9.5 5.1 110 0.42 69 50
31-32 9-4 5 9.4 6.6 110 0.38 69 51
l 7-8 7-26 5 9.5 5.0 102 0.29 64 44
s 10 8-4 5 9.3 5.2 100 0.36 63 61
J 12 8-5 5 9.5 4.8 102 0.32 64 46
l ' f 14 . 8-6 5 9.3 8.3 105 0.38 66 47
17-18 8§-22 5 9.5 3.7 105 0.36 66 45
l 19-20 8-23 5 9.7 7.2 105 0.38 66 44
21-22 8-30 5 8.7 4.4 110 0.52 69 51
(' Average (Kiln #5) 9.4 5.7 105 0.36 66 48



TABIE 4 -j:..z,

ROANOKE EMISSION STUDY

- EXHAUST GAS CHARACTERISTICS

1979

Gas Static
Run Kiln - Temperature % Density Pressure

l No. No. Location __ Date (°R) Water (Lb/Lb-Mole) ("'H20)

45 1 Stack 9-29 864 17.1 28.30 +0.16
46 1 1 9-29 868 18.8 28.09 +0.16
47 1 " 9-30 846 16.5 28.38 +0.11
48 1 " 9-30 859 17.3 28.20 +.19
49 1 " 10-1 866 16.6 28.77 +0.22
50 1 " 10-1 863 17.9 28.60 +0,37
2 Stack
2 11}
2 . POSTPONED
2 ”
2 n
2 11
51 3 Stack 10-4 877 17.3 28,34 +0.12
. 52 3 " 10-4 882 16.6 28.43 +0.09
- 53 3 " 10-11 892 15.8 28.36 +0.10
54 3 " 10-11 875 16.4 28.29 +0.06
55 3 " 10-12 876 16.3 28.77 +0.09
56 3 " . 10-12 875 16.6 28.73 +0.11
39 A Stack 9-19 883 13.0 29.35 +0.27
40 A " 9-19 881 12.5 29.42 +0.32
41 4 " 9-20 888 12.8 29.47 +0.30
42 4 " 9-20 872 13.3 29.40 +0.27
43 4 " 9-27 861 14.7 29.20 +0.34
b4 4 " 9-27 855 15.8 29.05 +0.31
5 Stack 7-26 808 13.5 28.73 +0.62
5 " 7-26 807 13.1 28.77 +0.56
5 " 8-4 789 12.1 28.75 +0.72
5 " 8-5 777 12.2 28,82 +.74
5 " 8-6 779 12.7 28.76 +0.65

*No Exhaust Gas was Bypass to Raw Mill for Runs 7, 8, 10, 12 & 14.

i
I
i
1
I
i
i
|
l




' TABLE 4 - (CONT'D) T-4 Cont'd
l EXHAUST GAS CHARACTERISTICS ROANOKE EMISSION STUDY - 1979
i Gas Static
Run Kiln Temperature % Density Pressure
No. No. Location Date (°R) Water (Lb/1b-Mole) ("H,0)
' %%1 5 Stack 7-22 834 11.0 28.63 +0.51
, 2 5 " 7-22 304 11.6 28.63 +0.52
3 5 " 7-24 797 11.2 28.85 +0.52
l 4 5 " 7-24 796 12.7 28.66 +0.59
5 5 " 7-25 806 13.0 28.56 +0.55
5 " 7-25 806 7.6 29.21 +0.62
l 15 5 " 8-18 795 11.9 28.90 +0.50
16 5 I 8-18 798 13.1 28.75 +0.51
23 5 " 9-2 764 14.0 28.61 +0.53
24 5 " 9-2 760 12.5 28.79 +0.49
l 25 5 " 9-3 767 13.5 28.73 +0.47
26 5 " 9-3 761 4.8 29.80 4+0.61
31 5 " 9-4 762 15.1 28.42 +0.43
l 32 5 " 9-4 761 12.0 28.80 +0.49
**Exhaust gas was bypass to ome raw mill for Runs 1-6, 15-16, 23-26 & 31-32.
'«1«*17 5 Stack 8-22 770 10.3 28.84 +0.36
18 5 "o 8-22 763 6.5 29.30 +.36
_l 19 5 " 8-23 763 9.2 28.50 +0.38
( 20 5 M 8-23 751 10.9 28.31 +0.36
21 5 " 8-30 747 12,2 28.70 +0.29
22 5 " 8-30 740 11.3 28.81 -4+0.27

~**Exhaust gas was bypass to two raw mills for runs 17-22.

|
I
I
!
I
I
!
1
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TABIE 5 T-5

ROANOKE EMISSION SURVEY

' : EXHAUST GAS FLOW RATE

1979
Volune
_ ' @ std. Cond.
Run Kiln oo AP Velocity Volume CFH x 100
lNo. Date No. Location ("H20) (Ft/Sec) (ACFM) (Dry)
5 9-29 1 Stack 0.39 28.23 60,600 1.77
'26 9-29 1 " 0.39 28.99 62,200 1.78
47 9-30 1 " 0.35 25.03 53,700 1.61
48 9-30 1 L 0.42 30.63 65,800 1.93
9 10-1 . 1 " 0.47 34,42 73,900 2.16
50 10-1 1 " 0.50 36.28 77,900 2.25
' 2 Stack
2 1]
2 " POSTPONED
2 1)
l 2 "
2 n
'51 10-4 3 Stack 0.39 28.70 61,600 1.76
2 10-4 3 " 0.38 28.00 60,100 1.73
53 10-11 3 " 0.37 27.85 59,800 1.71
4 10-11 3 " 0.39 28.50 61,200 . 1.77
‘5 10-12 3 " 0.38 27.75 59,600 1.72
56 10-12 3 " 0.39 28.70 61,600 1,77
59 9-19 A Stack 0.45 32.48 74,000 . 2.10
0 9-19 4 " 0.44 32.19 73,000 2.01
41 9-20 4 " 0.44 33.05 71,000 2.15
2 9-20 4 " 0.45 32.29 69,000 2,12
3 9-27 4 " 0.44 31.73 68,200 2,07
7 9-27 4 " 0.46 32.63 70,100 2,12
'7 . 7-26 508 Stack 0.87 61.05 288,000 9.41
8 7-26 5 § o 0.86 60.27 284000 9.34
0 8-4 5/ % " 0.88 61.40 289,000 © 9,71
iz 8-5 5/ o " 0.89 60.98 287,000 9.96
4 8-6 5| " 0.91 62,67 295,000 10.10
o exhaust gas was bypass to Raw Mill for Runs 7, 8, 10, 12, & 14. 7.0
'1 - )L 7o psctm

(s




IEXHAUST GAS FLOW RATE

TABLE 5 - CONT'D

T-5 Cont'd

ROANOKE EMISSION SURVEY - 1979

v

!
’
'
!
’
.
!

Volume
l @ std. Cond.
Run Kiln P Velocity Volume CFH x 105

'No. Date No. Location (""Hp0) (Ft/Sec) (ACFM) (Dry)
Ak ] 7-22 5 Stack 0.59 42.02 198,000 6.48
. 2 7-22 5 U 0.62 43.38 204,000 6.89
3 7-24 5 L 0.61 42.27 199,000 6.82
4 7-24 5 = te 0.61 42,38 200,000 6.85
5 7-25 5 Mo " 0.44 30.86 145,000 4.81
.6 7-25 5 v g 0.45 31.20 147,000 5.16
15 8-18 5 2 " 0.61 39.84 188,000 6.37
16 8-18 5 o 3 4 0.64 41.50 195,000 6.53
23 9-2 5 . X " 0.58 39.88 188,000 6.47
24 9-2 5 ¢ * " 0.60 40.94 193,000 6.79
25 9-3 5 0N " 0.61 41.70 196,000 6.76
26 9-3 5 « " 0.57 38.05 179,000 6.86
31 9-4 5 ‘g " 0.62 32.48 201,000 6.83
32 9-4 5 " 0.64 32,19 204,000 7.22
_ 6. ¥
'Exhaust gas was bypass to one Raw Mill for Runs 1-6, 15-16, 23-26, & 31-32. 108 1EY Dicw
2217 8-22 5 5 = Stack 0.25 15.91 74,900 2.67.
18 8-22 54 3 o 0.26 16,22 76,400 2.87
.9 8-23 5 > = " 0.34 23.04 108,500 3.95.
20 8-23 5 <% " 0.34 23,35 110,000 3.99
1 8-30 52 0O " 0.24 16.12 75,900 2,73
'iz 8-30 56 " 0.24 15.75 74,200 2,72
kT . N e
.ig aust gas was bypass to two Raw Mills to Rums 17-22. %
e



TABLE 6

ROANOKE EMISSION SURVEY

GAS SAMPLING AND TESTING PARAMETERS

1979

% Test Period (= 128 min. for Stacks 1, 2, 3 and-4
(= 144 min. for Stack 5

Test ) Meter Meter Meter Vol. A

Run Kiln Nozzle Temp., H Vol. @ STD. Cond. IS0-
No. No. Size (8q.Ft.) (°R) (""H,0) (Cu.Ft.) (Cu. Ft.) -Kinetic
45 1 0.000314 538 0.31 35.64 33.73 102.1
46 1 " 528 0.32 35.32 34.06 103.1
47 1 " 539 0.25 31.78 29.96 99.8
48 1 " 521 0.37 39.49 38.52 107.4
49 1 " 540 0.46 43,43 40.77 101.4
50 1 " 524 0.52 46 .84 45.32 108.3

2 0.000314

2 11

2 " POSTPONED

2 1

2 14

2 "
51 3 0.000314 540 0.30 35.18 33.02 100.7
52 3 " 526 0.26 34.95 33.68 104.8
53 3 " 534 0.25 34.43 32.62 : 102.5
54 3 " 532 0.30 35.39 33.66 102.2
55 3 " 535 0.25 34.60 32.60 102.0
56 3 " 538 0.31 35.73 33.48 101.6
39 4 0.000314 546 0.38 39.35 ' 36.78 93.9
40 4 " 538 0.34 40.10 38.04 97.1
41 4 " 544 0.44 42.34 39.99 99.8
42 4 " 529 0.38 42,22 41.00 103.6
43 & n 542 0.40 40.40 38.19 98.9
A 4 " 528 0.38 42,16 40,91 103.6
*7 5 0.000289 534 0.82 68.43 65.29 79.0
8 5 " 533 0.82 73.71 70.46 85.8
10 5 " 541 1.22 87.30 82.62 96.7
12 5 " 541 1.26 88.00 82.62 94.3
14 5 " 543 1.31 83.92 79.16 87.8

*No exhaust gas was bypass to raw mill for rums 7, 8, 10, 12 & 14,

N
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ROANOKE EMISSION SURVEY

TABLE 6 (CONT'D)

GAS SAMPLING

T-6 Cont'd

AND TESTING PARAMETERS - 1979

*%*Exhaust gas was bypass to two raw mills for runs 17-22.

Test Meter Meter Meter Vol. %
Run Kiln Nozzle Temp. H Vol. @ STD. Cond. 150~
No. No. Size (8q.Ft.) (°R) ("'H20) (Cu.Ft.) (Cu., Ft.) =Kinetic
wk] 5 0.000289 537 0.75 65.24 62.26 109.1
2 5 " 537 0.78 71.62 68.35 112.7
3 5 " -535 0.71 65.25 62.57 104.2
4 5 " 534 0.68 66.69 64.07 108.0
5 5 " 538 0.46 51.09 48.55 114.7
6 5 " 537 0.48 56.08 53.39 117.2
15 5 " 533 0.59 57.55 55.21 98.5
16 5 " 533 0.66 61.50 59.01 102.7
23 5 0.000309 531 0.81 64.35 61.92 101.7
24 5 " 532 0.75 67.33 64,65 101.2
25 5 " 537 0.86 66.20 62.86 98.8
26 5 " 537 0.68 63.61 60.50 93.4
31 5 " 542 0.89 67.14 63.19 298.4
32 5 " 543 0.81 69.74 65,51 - 96.4
#**%Exhaust gas was bypass to one raw mill for runs 1.6, 15-16, 23-26 & 31-32.

*%%17 5 0.000289 539 0.12 23.93 22.66 96.6
18 5 " 538 0.11 25.02 23.73 93.9
19 5 0.000739 536 1.33 82.08 78.37 91.5
20 5 " 537 1.47 91.96 87.67 94.0
21 5 " 544 0.77 61.50 57.69 97.6
22 5 " 545 0.73 64.97 60.83 95.9



TABIE 7 T-7

ROANOKE FMISSION SURVEY

I.I

ORSAT ANALYSIS

l 1979
l Run No. .Date Kiln No. Location co2 09 Noy
' 45-46 : 9-29 1 Stack 12.0 12.6 75.4
47-48 9-30 1 " 12.0 12.8 75.2
49-59 10-1 1 " 15.4 11.2 73.4
l 2 Stack POSTPONED
2 11}
2 11]
l 51-52 10-4 3 Stack 12.4 13.0 74.6
53-54 10-11 3 " 11.0 13.6 75.4
l 55-56 10-12 3 " 15.4 10.0 74,6
39-40 9-19 4 Stack 16. 10.6 73.0
41-42 9-20 4 " 17.2 10.0 72.8
l 43-44 9-27 4 " 17.2 9.4 73.4
7-8 7-26 5 Stack 11.4 14.4 74.2
(' 10 8-4 5 " 10.2 15.0 74.8
12 8-5 5 " 10.8 15.0 74,2
14 8-6 5 " 10.8 15.0 74,2
' 1-2 7-22 5 Stack 8.2 15.8 76.0
3-4 7-24 5 " 10.0 15.4 74.6
5"6 7'25 5 " 9.6 15-0 75.4
l 15-16 8-18 5 " 11.2 14.4 74,4
23-24 9-2 5 " 11.2 13.6 75.2
25-26 9-3 5 " 11.4 14.4 74.2
' 31-32 9-4 5 " 10.6 14.5 74.9
17-18 8-22 5 stack 9.2 15.4 75.4
19-20 8-23 5 " 5.4 17.6 77.0
l 21-22 8-30 5 " 9.8 15.6 74.6



Kiln Feed

Composite
l NO. 1-4

Clinker
Composite
NO. 1-4‘

Waste Dust
Composite
No. 1-4

lKiln Feed
Composite
No. 5

Llinker
Composite
No. 5

Waste Dust
Composite

IINo. 3

S1092

14.24

22.08

13.86

14,44

22.75

18.24

AL03

2.80

4.62

5.18

3.24

5.30

5.48

ROANOKE STACK EMTSSIONS

TABLE 8

CHEMICAL ANALYSIS

Fe203
2.28

3.82

2.24

1.50

2.32

1979

CAO

43.03

64.03

44.20

42.85

64.64

51.80

Mg0
2.10

3.00

1.59

2.15

3.30

2.73

S03

0.99

1.70

5.64

4.58

K20

0.58

0.81

3.20

0.62

0.74

3.35

Na20

0.19

0.23

0.30

0.19

0.25

0.45

Loss

34.53

0.29

24.22

34.91

0.37

11.74



TABLE 9 T-9
I ROANOKE EMISSION SURVEY
METEOROLOGICAL CONDITIONS
' 1979
I Ambient Baro. Relative
Temp. Pressure Humidity

I Run No. Date Kilan No. Location (°F.) (In. Hg.) (%)
45-46 9-29 1 Stack 73 28.73 77
47-48 9-30 1 " 66 28.67 34

I 49-50 10-1 1 " 70 28.59 78

2 Stack
I 2 " POSTPONED
2 1"

I 51-52 10-4 3 Stack 56 28.60 82
53-54 10-11 3 " 45 28.55 85
55-56 10-12 3 " 55 28.44 70

I 39-40 9-19 4 Stack 72 28.79 69
41-42 9-20 4 " 63 28.98 70

(I 43-44 9-27 4 " 67 28.90 72

- 7-8 7-26 5 Stack 73 28.71 90
10 8~4 5 " 68" 28.82 86
12 8-5 5 " 70 28.86 83
14 8-6 5 " 77 28.82 - 60
1-2 7-22 5 Stack 70 28.85 71
3-4 7-24 5 " 71 28.92 95
5-6 7-25 5 " 71 28.84 20
15-16 8-18 5 " 67 28.83 72
23-24 9-2 5 " 71 28.79 20
25-26 9-3 5 " 73 28.73 87
31-32 9-4 5 " 71 28.74 90
17-18 8-22 5 Stack 68 28.81 85
19-20 8-23 " 69 28.80 100

71 28.76 90

[
=
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III. Operating Equipment and Process Parameters

A. 0ld Plant

Four medium size, dry process clinker kilns are operated--each
with its own flue gas transporting ducts, gas conditioning equipment, and
dust abatement equipment--with the cleaned and cooled flue gas fed to an
individual stack for waste gas dissemination. In all, there are 4 kilns
each with its individual stack. Each stack is supplied gas by the same

configuration as described herein.

Flue gases leave the kilns at 1100° - 1200° F. and are initially
conditioned with water at the kiln.exit area so that gases enter the

cooling tower at approximately 900° F. In the cooling tower, additional

water spraying is done to raise the moisture level of the gases to around
157 and lower the temperature to 650° F, range.
Gases leaving the cooling-conditioning tower are fed to a group

of 4 - 4 1/2' Buell Multiclones operated in parallel to achieve capacity

g

requirements. Each multiclone unit (4-4 1/2°' cyclones) is designed to.

handle 67,000 CFM @ 700° F. to give approximately 807 separating efficiency

for medium size particles at 50 microns. No grain loading of the gases was

specified in the performance guarantee. After a portion of the coarser dust

is removed by the multiclones, the gases are fed to electrostatic precipitators.
Though Koppers electrostatic_precipitators installed at Roanoke

have been in operation since startup dating back to 1951, they were exten-

sively reconditioned and modernized in 1967. Precipitators on Kiln Systems

1, 2, 3 were the same size bu& the precipitator associated with No. 4 Kiln

System was somewhat larger. All units were designed to handle 65,000 CFM

@ 600° F, at a 2'" negative water pressure. FEach precipitator consists of
p P P
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a north and south section with a total collecting surface of 20,088 sq. ft.
for Units 1-3-and‘22,320 sq. ft. for Unit No. 4. Correspondingly, the dis-
charge electrode has an effective length of 13,392 fe, for Units 1-3 and
14,880 fr. for No. &.

The precipitator design throughput velocity was 2.4 ft/sec. for
Units 1-3 and 2.17 ft/sec. for Unit 4. This provides for a resident period
of 7.5 sec. for the smaller precipitators and 8.3 sec. for No. 4 Unit.
System design allowed for moisture in the gas by volume at 15% minimum.

The guaranteed collection efficiency was 99.6% for Units 1-3 and 99.8%
for Unit 4. The designed input grain loading for Unit 1-3 was 5.0 grains/
cu. ft. and 9.0 grains/cu. ft. for Unit 4. Expected output grain loading
for all units was 0.02 grains/cu. ft.

Stack discharge location was 105'-3" above foundation. (Founda-
tion 1433"-11%" above sea level.) Test ports were located 56'-3" above
foundati;n where the stack diameter was 81". Each stack had two - 4"
test ports placed at 90° apart-and in the same elevation plane. At thé
561-3" gelevation, ports were 6.3 flue diameters from the stack input ducts
in the upwind direction and 6.13 flue diameters from discharge on the down-
wind side of ports. See sketeh, Fig. 1, for details. Accordingly, the up-
wind direction becomes the most critical_with respect to duct disturbance; |
Using E.P.A. chart-flue diameters vs. test points on traverse - we estimate
stack traverse should have 16 test points with locations as shown in Sketch

Fig. 2.
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B. New Plant

The new kiln is a high efficiency, Allis-Chalmers rotary unit
operated in conjunction with a preheater-pelletizer utilizing the Lepol
system. . The kiln is rated at 110 T/H raw mix feed and is currently operated
at this rate or about 100% of rated capacity. Gases with airborne particu-
lates leave the preheater and enter the precipitator at about 3839 F. and
-approximately 127 water by volume. As a résult of efficient heat recupera-
tion and "bleeding air" for system stability, the precipitator input gases
have been degraded from combustion composition at 1-2% oxygen and dry to
about 157 oxygen and wet.

The kiln system electrostatic precipitator is a double chambér,
four field unit of Koppers manufacture. The unit is designed to handle

286,000 ACFM @ 250° F. and 107 water vapor by volume AT-8" VWC. The input

dust congentration is rated at 5 grains/cu., ft. (actual) or 12,214 Lbs/Hr.
Residual dust should be 0.009 grains/ACF or 21.84 Lbs/Hr. to give a
guaranteed efficiency of 99.82+. Pressure drop across the unit is 1/2;
water with a throughput gas velocity of 3 ft/sec. for a resident time of

12 seconds,




Iv, Test Equipment and Testing Procedures

The Sampling Train used for source testing was basically a
Model AP-5000 "Stac-O-Lator" manufactured by Scientific Glass and
Instruments, Inc. of Houston and has been E,P,A. approved. The im-
pinger type and charge was in accordance with E.P.A, recommendation
except we use somewhat more silica gel than E.P.A. suggests so as to
be sure of absorbing_all water vapor,

We also use 5 impingers instead of the required 4. The 5th
impinger is a modified Smith-Greenfield placed in the train ahead of the
usual firsf impinger and connected in a "reverse" configuration. The
reverse arrangement acts as a trap to collecf water from the first im-
pinger in the event of an unexpected back pressure in the system. Such
a system in no way detracts from the intended function of the impinger
train and prevents the fouling (wetting) of the filter and loss of mois-
ture in the event of a sudden momentary back pressure in the system. The

glass fiber filters were 4" Gelman, Type A, with a retentions factor of

99.7% @ 0.3 micron particle size,

We used the E.P.A. sampling procedure as presribed in the
"Commonwealth of Virginia - Procedures for Emission Testing" dated April 21,
1977. Each test was 2-3 hours long generally sampling at 0.5 CFM dry gas.
Each of the stack tests gathered well over 30 cu. ft. The train was leak
checked at the start and end of each run at about 17" Hg. rather than 15" Hg.

as required by E.P.A. Our control valves are at equilibrium with pump at

17" Hg. rather than 15" Hg.
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Teflon heated probe liners were used for stack testing., Probes,
filter assemblies, and nozzle were thoroughly washed with acetone following
each test with nozzle removed. Reassembled clean probes were leak checked
@ 25" Hg. vacuum with no noticeable leaks tolerated.

We operate out of a 30' mobile laboratory so that all sample
recovery, such as weighing, evaporating, and washing is done within the
air-conditioned mobile laboratory and not at testing area.

Laboratory analysis are ﬁerformed strictly in accordance with
E.P.A, Our analytical balance for weighing filters and beakers is a
Mettler H~6. Our impinger weighing balance is a Mettler P-1200. We
use 4 large desiccators for storing and keeping filters and beakers at
constant weight. We generally run blanks on each acetone and distilled
water lot but seldom find enough residue for significanf:modification
of results., TFor the record, our current acetone residue per 500 ml.
is 0.5 mé. and our distilled water residue is 1.9 mg. per 500 ml.

We use two Thermo Electric digital thermocouple indicators,

Model ELPA with a 1° accur#cy. The indicators are electrically connected
through switching to a Thermo Electric "Minimite" which is used to calibrate
the temperature range of interest per test. The "Minimite'" has an accuracy
of + 1/4%. Calibratidn of thermncoﬁple indicaﬁors occurs at the beginning
of each plant run and more often if it seems necessary or a significant
change occurs in the range of testing ihtefest.

Five dry test Rockweli meters are calibrated at the start of
each plant test. Part of the mobile laboratory equipment is a Precision
Wet Test Meter, Serial No. AA-9 which is used to standardize the dry test
meters, _The wet test meter is calibrated annually by equipment traceable

to the Bureau of Standards.
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The orifice used for "AH" readings is calibrated at random
periods whenever the " A H" vs. CFM relationship show significant variation.
The " AH" orifice plate has a 3/16" orifice working in a 3/4“ pipe duct.
AHQ@-= 1.79 at .75 CFM, 68° F. and 29,92" Hg.

| Near the beginniqg and toward the end of each two hour (approx.)

run, we collect a gas sample (GRAB) for determining the gas composition.
The two analyses are averaged but seldom show much variation. The analysis
is performed with the Orsat equipment. Considerable effort is devoted
toward keeping the Orsat equipment in top operating condition.

| Pitot tubes were calibrated in Houston during March, 1979, before
starting our annual plant tour. Each tube was calibrated in our 12" wind
tunnel at the approximate velocity anticipated in the field where the
Pitot tube was to be used. Our wind tunpel was capable of producing air
attaining 100 ft/sec. velocity and could be throttled by a system of
screen gfinds that not only induce resistance to diminish the flow of air
but also acted as straightening vanes to minimize eddy currents produced
by the fan. Pitot tubes were only used during the course of a single
testing assignment per specifications.

During calibration, Pitot tubes ("g" type) values were compared
to values produced by a standard pitot tube which had been certified with
2 correction factor.of .99. Both standard and "g* type tubes were moved
across the wind tunnel duct diameter on a 12 point traverse while readings
were taken on a duplex manometer for direct comparison of the"ZSP".values -
standard vs. '"S" type Pitot tubes. Both "forward" and "reverse" tube
orientation readings were taken with each "S" type Pitot tube. Reverse
tube modifications were made, if necessary, to assure "A\ P" values in both
directions agreed within 1%. We make our own Pitot tubes and design tube

openings configuration more oval than round. Our Pitot tubes meet require-
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ments as outlined in E,P,A, Method 2, Standards of Performance for New

Stationary Sources,
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- S/tiPLE CALCULATISN FOR 3TACK wiy I
' KOMENCLATURE
l n - Cross-sectional arca of sample nozzle, sg. ft.
' A - Cross-scctional arca of stack, ft.3
BKD - Proportica by volume of water vapor in the gas strean,
l . dimensionless
Cp - Pitot tuhe coeificient, dimensionless
CP ctd. Pitot tube cocf. of standard tyne tube @ .99

Pitot tube cocfficient of type "S" pitot tube

Gk am .
o
=
Lo
)
wn
-t

c'e - Concentration of particulate matter in stack gas,
er./s.c.f. dry basis
Cg - Concentration of particulate matter in stack gas, 1lb/s.c.f.
(l Ds - Inside dianeter of stack at sample port, Ft.
E - Particulzte enission rate
Ajl - Average pressure drop across the orifice nreter, inches 1.0
I - Percent of Iso Kinetic samnling. Test acceptable between

90% . I - 110%

X - 85.48 ft. 1bs.
l P s¢c. lb-mole "R

Hd - Dry molecular weicht of stack gas
l My 0 - Molecular weight of water, 18 1b/lb-nole

2
' Mg - Molecular weight of stack gas (wet basis) lbs/lb-nole
My (1 'B\-.-o)+ 13 Brro

' W - Total amount of particule matter collected, mg.

Pbar - Barometric prcssﬁrc at the orificec meter, inches Hz.
' PStd - Absolute pressure at siandard conditions, 29.92 iacics He.
(. Py - Absolute stack gas pressure, iaches Hi.
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—

S"ave

Tstd.

V. -

ic
17.71 -

24,1 -
28.3 -
1.667 -
13.6 -
2.205x10°9
0.0154 .

32 -

Velocity head Peasured by standard 1)Pe pitot tube

Velocity head measured by tyme vgr pitot tube

;]

Ave, velocity head of stack gns, chos H20

dry basic, standard cenditions,

i

Volumatric f£low rate,
frio/hr.

Ideal gas constant

Degreces of teliperature, Mankin (F+aG0)

Density of water, 1 mm./nl.

Average adsoluie stack 32s temperature, °R

tostandard conditions, 530°%

Average Jry pas metor temperature, °p

Total sampling ti=me, min,

Volume of nas sample throush the dry pgas
meter (standard conditions), cu. £

(4] Ic.

Stack gas velocity, feet ber second (f.p.s.)

Volune of zas sample through the dry gas meter (meter
conditiens) cu. ft.

Total volume of liquid collected in im

b

°R per inch. lg @ std. cond. of $30 § 29.92

Liters vater FeT gran-mole
Liters drv air per cu. ft,

100/60 =min/secc

Specific Zravity of néreury
nz/1b.

Grains per ng.

Nolecular weisht of oxyeoen

pingers and silica ¢




1. - Veloceity of Stack Cas

V. (ave) =  Kp x Cp X \’/APJVE_ x /TS ave,
- PS X Mg

(85.49) (0. 839 (0.59) x { 834
(28.89) ( 28.69

42.02 ft/sec.

2. - Volume of Gas (Actual) from Stack:

Volume = (Vg ave) (A) (60)
(42.02) (78.5) (60)
198,000ACFM

3. - volume Dry Gas @Standard Conditions:

Qs 3600 (1-Byo) (Vs ave:) (A) (Tstd ) ( Pg

(Tg ave.) (Pord )

3600 (1-0.,110) (42.02) (' 78.5) (530) (28.89)
(834) (29.92)

6
6.48 x 10 SCFH

4, - Sample Gas Volume @Standard Conditions:

Vm std. =17.71 x Vm (Pbar + AH/].B.G)
( Tm )

17.71 x65.24 x ( 28.85+0.75 /13.6)
( 537 )

62.26 Cu. Ft.

5. - Percent of Isokinétic = EPA Method:

I= (1.667 x Tg) [(0.00267) (Vic) + (Vg

(Ta (Ppar + AH/lS.G)g_\

(@) (Vs) (B) (ap)

(1.667) (834) [(0.00267) (169 + (3.516)]
(144 (42.02) (28.89) (0.000289)

-

1l

109.1

\ % Isokinetic for all runs were calculated using the same method as
above, and are presented in Table 8.




6. - Dust Concentration Calculations:

-

%

The particulate weight collected for Run No. 1 was 182.7 mg; therefore:
(a) Concentration in Grain/SCF is

= _67.8 + 0.0154
Vi std

= _67.8 . 0.015¢4
62.26

0.0168 Grain/sCF

(b) Concentration in Lb/SCF is:

) -0
= 0.0168 =3.4 x 10 Lb/SCF
7000

(¢) Concentration in Lb/Hr. is:

=2.4 x 10 xQ

]

-6 6
(2.4x 10 ) x (6.48x 10)

i\

15.5 1b/Hr.

(d) Concentration in mg/m
grain/SCF
=0.0168 v x 22 83 (conversion factor)

3
= 103 mg/m @ S$td. Cond.
39

<




MATERTAL BATANCE CALCULATTIONS -

(Sample Calculation for Stack No. 5)

I - Fuel Consumption Calculation - Molal Basis

A. doal Analysis

See Appendix for the copy of letter enclosed from Pittsburgh
Testing Laboratory showing ultimate analysis of average sample gathered
during testing, on the dry basis. Accordingly, ultimate coal analysis
corrected for moisture of 7.137% is:

% _Component Dry Basis Coal Mill Feed "as used"#
Carbon 74,56 69.24
Hydrogen 4,94 4.59
Nitrogen 0.03 0.03
Oxygen 7.14 : 6.63
Sulfur 1.78 1.65
Water - 7.13
Ash 11.55 10,73

% "As used" refers to coal as fed to coal mill.
Coal "as fired" would be coal condition after the coal mill
via the burner pipe to the kiln and burning process.

—,
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- Theoretical Combustion Gas Quantities (No Excess Air)

1. - The average fuel coal used by kiln il during testing was 9.4 T/Hr., or:

( 9.4) (2000) _ .
(60) 313 Lb/min.

Accordingly, 100 lbs. coal supplies fuel for:
100

313 =0.319 min. of kiln operation

2. - Therefore, referring to I-B:
(8) Theoretical dry air supplied for total combustion:

(32.20)_(387) _ 199 sc
(0.319) 39045 m

(Standard Conditions: 70° F and 29.92 in. Hg.)

wet Air Supplied:

(32.83) (387)
0315 39806.38

H,0 in air = 39806 - 39045
(' = 761 SCFM

SCFM

(b) Flue Gas Compomnents:

COp = ((5.7D_(44) _ :
53193 795.49 Lb/min.

2 (3.39 (18)
0.319)

= (27.01) (28)
©0.319 )

= (0-0.5)31(54) = 10.34 Lb/min.

183.02 Lb/min.

et
o
)

=z
N
§

2231.81 Lb/min.

w
o

]
1

3. - Breakdown of Water Source:

(a) Combustion Water:

(2.30) (18) - 129.44 1b/min.
(0.319)

(b) Water in coal as used:

(0.323 (18)
(0.319)

(3) water in supplied air:

(0.623 (18) = 35.41 Lb/min.
(0.319) -

TOTAL 183 Lb/min., for combustion process

= 18.17 1b/min.

€




III - Other Sources for COZ and H20

(2) Liberation of COp from kiln feed:

Average raw mix feed rate during test was 102.3 T/hr. or 3410 Lb/min.

dry solids;
Kiln feed chemical analysis (Table 10) was used to deteirmine the available

CO, liberated from CaCO3 and MgCO4

(% Ca0) x 22 = (% cacoy)

fl

= (42.85) x 100

76.52 ¢
3 yA CaCO3

7 Mg0) x 84 =
( ) o (% MgCO3)

= (2.13) x 84 - 4,529 Me
) 327, M,._,COB

a
From CaCO3, COp; =(76.52) (44) 33.67 Lb/100 Lb. kiln feed
l (100)

From MgC0sy, CO, = (4.52) (44)
(84)

2.37 1b/100 Lb. kiln feed

Total 002 = 36.03 Lb/100 1b. kiln feed

orT, )

COy liberated from kiln feed = 36.03) (3410
(100)

1228  1b/min.

(b) Hp0 from kiln feed and cooling process:

Average moisture in kiln feed is 0.34 7, therefore water from kiln feed;

785 x (0.34) = 11.63 Lb/min.
(100-0.34 )

During nbrmal operation conditions, Roanoﬁe Plant used approximately
22.5 (Gal/min. of water to cool kiln exit gases. Water from cooling

process:

(49.5)(8.33) = __412 Lb/min.




1V - Theoretical Kiln Lxit Gas (No Excess Alr)
1. - Totsl Exit Gas Quantitics (per min. of kiln operation)
Source cO0y (Lb) 1,0 (Lb) Ny (Lb)
(a) Combustion Process 795.49 183.02 2231.81
(b) Kiln Feed Liberation 1228.72 11.63 _ -
(c) Cooling Process - 412,34 -
~ TOTAL 2024.21 606.99 2231.81

2. - Exit Gas Analysis - Wet Basis

C0y (moles) 2024.21

= 46,00
44
H,0 (moles) = 606.99 = 33.72
18
Ny (moles) = 2231.81 = 79.70
28
TOTAL 159.43 Moles/min.
Hence:
€0, = 46.00
159.43 = 28.86%
HZO = 33.72_
' 159,42 - 21.15%
159.43 = 49.99%

T

3. -~ Exit Gas Analysis ~ Dry Basis

28.86 =

COZ = =
(100-21.15) 36.60%

TI00-21.15) 63.40%
4. - Theoretical Exit Gas Volume:

At standard conditions (70UF and 29.92 "Hg)
Volume = (159.43)(387) 61701 SCFM (wet)

or = (61701)(100-21.15) 48650  SCFM (dry)

—
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~V -_Actual Stack Gas at Sampling Ports (Calculated):

1. - Exhaust gas included not only theoretical combustion flue gas but also
excess air for actual combustion and infiltrated air at location such
as kiln exit, precipitator, etc. From here forward, the term '"Excess
Air" will be used to indicate "Excess and Infiltrated Air'".

2. - Average Orsat Analysis taken from exhaust gas is showing along with
theoretical gas analysis:

Orsat Analysis (Dry) Theoretical Analysis (Dry)
CO02 - 10.8 CCz2 - 36.60
02 - 14.85 0 - 0
N2 . 74.35 Np . 63.40

3. ~ Excess Air Calculation:

(a2) €Oy Balance (using above analysis)

(Vol. Comb. Gas) (% CO2) + (Vol. Excess Air) (%C0,p)
= (Vol. Actual Gas) (%C0jy)

Let X = Vol. Combustion Gas (Relative)

- OGN S R O O I B =N -EE .

(100-X) = Vol. Excess Air (Relative)
‘100 = Vol. Actual Gas (Relative)
then,
(X) (36.60) = (100-X) (0) = (100) ( 10.8
63.40 . X = 1080
X = 29.51% (Comb. Gas)
(100-X) = 70.497% (Excess Air)

From IV-4 above, the theoretical dry exit gas was 48650  SCFM,
therefore actual kiln exit gas (dry) would be:

48650

—oo2951 — = 164850 SCEM (dry)
and Excess Air: 164350 - 48650.70

= 116199 SCFM (dry)

(b) Oxygen Balance (using above analysis)

(Vol. Comb. Gas) (% 0;) + (Vol. Excess Air) (% 0j)
= (Vol. Actual Gas) (% 03)

P
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Using the same symbol X as above,

(X) (0) = (100-x) (21) = (100) (14.89
X = 2100- 1485
21
=29.29/, (Comb. Gas)
(100-X) =70.717, (Excess Air)
Hence,
Actual kiln exit gas volume = _ 48650

0.2929

166124  SCFM (dry)
(166124) - 48650

117473 SCrM (dry)

Excess Air

nmnn

(c) Reconciliation of Balance:

The C0y and 0y balance should give the same quantity of excess air
for a given location. They did not agree exactly due to experimental
error, but the average of the balances may represent the true condition;
(Average) Excess Air = 116199 + 117473
2

116836 scr (dry)

4. - Excess Air Components:

1b/min. of kiln operation:

0, = (116836 ) (.21) (32) = 2028 1b/min.
(387)
N2 = (116836 9y (.79) (28) - 6678  1b/min.
(387)
HyO = (116836 X0.0195) (18) - 105  1b/min

(387)
or (116836 ) (0.0195)

2278 SCFM
(Recall - was the average molal humidity of air @ testing period)

5. -_Actual Stack Exit Gas Volume:

61701 SCFM (wet)
116836 -+ 2278
119115.05 SCFM (wet)
61701 -+ 119115
180816 SCFM (wet)

(2) Theoretical kiln exit gas (IV-4)
(b) Excess Air (V-3 and V-4)

(c) Actual Stack Exit Gas
@ Standard conditions
(70°F and 29.92 "Hg)

(d) Actual Stack Exit Gas (180816.10) (793 (29.92)
@ Stack conditions i (530) (28.87)

) n
332 °F and 28.87 "Hg) 280027 ACFM (wet)

£ :
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VI - Actual Stack Gas (Heasured)

1. - Gas Volunme:
Average volume of stack gas measured was 288600. ACFM (wet) @ average
stack conditions of 332 °F (or 792°R) and 28.87 "gg. Therefore, at

standard conditions (70 °F and 29.92 "Hg.), stack gas volume is:

( 288600) (530) ( 28.87) _
GHORCED e

2. - Gas Components:

(2) On the average, 12.77% of stack gas was water vapor based on condensate
collected during test. This was12,7 7 by volume since we compared
moisture content of stack gas while water was in vapor state. Therefore,
stack gas contained:

( 186351 ) (0.127 ) = 23666 SCFM

or,

(23666 ) (18)
(387)

1100  Lb/min.

(b) Orsat analysis shows 10.8% c0,, 14.85% 05, and 14.35% Ny on the

dry basis., With 12.7% H20, the analysis can be reported on the wet
basis as follows:

COo2 : (10.8 ) (1-0.127) = 9.43
02 + 4.85) (1-0.127) = 12.96
No @ @4.35 ) (1-0.127) = 64.91

Hzo : = 12.70

TOTAL . 100

(c) From VI-1 above, the total volume of stack gas was measured as 186351
SCFM (wet). The rate of each gaseous component emitted from the stack
can be calculated as follows:

ra

CO, = (186351 ) (0.0943) (44) = 1997  1b/min.
(387).
02 = (186351 ) (0.1296) (32) = 1997  1b/min.
(387) EE—
No = (186351 0.6491) (28
2 ( (38%)( ) (28) | g751 Lb/min.
Hy0 =

1100 Ib/min. (from VI - 2(a) )
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(2)

3)

(4)

)

BEalance:
COZ .

COy Input = 2024
COp OQutput = 1997
Measuring Efficiency (°/I)

02 .

02 Imput = 2028

02 Qutput = 1997
Measuring Efficiency (°/I)
NZ .

N, Input = g§909

] Qutput = 8751
Measuring Efficiency (0/1)
Water:

Hy0 tnput = 712
H0 Qutput = 1100
Measuring Efficiency (O/I)

Total Gas Volume:

Calculated Gas Volume
Measured Gas Volume
Measuring Efficiency

A-13

Lb/min. (from IV - 1)
1b/min. (from VI - 2 - c¢)
= 98.697
Lb/min. (from V-4)
Lb/min. (from VI-2-c)
= 98.46%

Lb/min,
" Tb/min.

Lb/min.
ib/min.

oo

Iv-1 and V-4)
vVi-2-c)

(f£rom

(from

98.22 %

Iv-1 and V-4)
VI-2-c)

(from

(from

154.3%

280027 ACFM (from V-5)
288600 - ACFM (from VI-1)
103 %




K14
MATERIAL BALANCE CALCULATIONS FOR KILN OPERATED WITH COAL AS FUEL
EMISSION TESTING AT ROAMOXE PLANT, July - Oct./1979

RUNS 45, 46, 47, 48, 49, and 50 (Stack No. 1)

DATA INPUT

CARBON WEIGHTZ IN COAL= 69 .24
HYDROGEN WEIGHTZ IN COAL=  4.59
NITROGEN WEIGHTZ IMN COAL= 0.03

OXYGEN WEIGHIZ IN COAL= 6.63
SULFUR WEIGHTZ IN COAL= 1.65
WATER WEIGHTZ IN COAL= =~ ° 7.13
CAOQ WEIGHTZ IM RAW MIX = 43.03

MGO WEIGHTZ IN RAW MIX = 2.10

H20 RATE FOR COOLING PROCESS, GAL/MIN =24.0
H20Z IN KILN FEED = 0.46 .

CO2 VOL.7Z, ORSAT ANALYSIS =13.13

OXY VOL.7Z, ORSAT ANALYSIS =12.20

N2 VOL.7Z, ORSAT ANALYSIS = /4-67

AVE.RAW FEED, TON/HR = 21.2

AVE.CLINKER PRODUCED, TON/HR = 14.1
AVE.FUEL COAL RATE, TON/HR= 3.4

MOLAL HUMIDITY OF AMBIENT AIR = 1.95000000E-02
AVE.VOL.OF STACK GAS (WET), ACFM = 65700
AVE.VOL.Z OF H20 IN STACK GAS = 17.4
AVE.TEMP.OF STACK GAS, DEG.R = 861
AVE.PRES.OF STACK GAS, IN.HG.= 23.68

S IE Bl & N EE R s
.

RESULTS

BASIS 100 LB FUEL COAL (AS USED)

THEORETICAL AIR REQUIRED 3
DRY AIR = 14122.66 SCFi
WE: AIR = 14398,05 SCFM

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

AVERAGE, DRY
AVERAGE, WET

20439.36 SCF
22089.03 s
21264.19 oM
21678.84 gcpt

an
u

CARBOY DIOXIDE BALANCE :
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CO2 LIBRFPATED FROM PAW MIX = 255,24 LB/MIN
TOTAL INPUT =  542.97 LB/MIN
CO2 MEASURED FROM STACK = 478.02 LB/MIN
TOTAL OUTPUT =  478.02 LR/MIN
MEASURING EFFICIFNCY (0/I) = 88.04 7
OXYGEN BALANCE :

02 IN EXCESS AIR = 369.24 LB/MIN
TOTAL INPUT = 369.24 LB/MIN

i

02 HMEASURED FROM STACK

323,02 LB/MIN

‘TOTAL OUTPUT = 323.02 LB/MIN

MEAS. EFFICIENCY (0/I) 87.48 7

NITROGEN BALANCE :

N2 IN COMBUSTIOH AIR

807.25 LB/MIN

N2 IN EXCESS AIR = 1215.4 LB/MIN
TOTAL INPUT = . 2022.66 LB/MIN

N2 MEASURED FROM STACK = 1729.93 LB/MIN
TOTAL OUTPUT = 1729.93 Lp/1IN
MEAS., EFFICIENCY (0O/I) = 85.53 7%

WATER BALANCE :

H20 FROM COMRBUSTION PROCESS =  46.82 1LB/MIN
H20 IN COMBUSTION AIR = 12.81 1B/MIN
H20 IN FXCESS AIR = 19.29 1B/MIN
H20 FROM COOLING PROGCESS = 199.92 ig/HIN
H20 IN FUEL COAL = 8.08 1p/MIN
H20 IN KILN FEED = 293"%3 LB/MIN
TOTAL INPUT = . LB/MIN
H20 MEASURED FROM STACK = 313,74 LB/MIN
TOTAL OUTPUT = 313.74 LB/MIN
MEASURING EFFICIENCY (0/I) = 108.12 7

TOTAL THEO. VOLIME OF STACK GAS (VET)
TOTAL !fFAS. VOLUME OF STACK GAS (WET)
TOTAL GAS 102AS. EFFICIEH

=

=3

43436.12 SCF
38766.42 - SCR1
89.25 7

A-15
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MATERIAL BALANCE CALCULATIONS FOR KILN OPERATED WITH COAL AS FUEL
DAISSION TESTING AT ROANOXE PLANT, July - Oct./1979

RUNS 51, 52, 33, 54, 55, and 56 (Stack No. 3)

DATA INPUT

CARBON WEIGHTZ IN COAL= 69,24

HYDROCEN WEIGHTZ IN COAL= 4.59

NITROGEN WEIGHTZ IM COAL= 0.03

OXYGEN WEICHIYZ IN COAL= 6.63

SULFUR WEIGHTZ IN COAL= 1.65

WATER WEIGHTZ IN COAL= 743

CAQ WEIGHTZ IN RAW MIX = 43.03

MCO WEIGHTZ IN RAW MIX = 2.10

H20 RATE FOR COOLING PROCESS, GAL/MIN =23
H207 IN KILN FEED = 0.51

CO02 VOL.Z, ORSAT ANALYSIS = 12.93
OXY VOL.7Z, ORSAT ANALYSIS = 12,20
N2 VOL.7, ORSAT ANALYSIS = 74,87

AVE.RAW FEED, TON/HR = 21.6

AVE,CLINKER PRODUGED, TON/HR = 14.4

AVE.FUEL COAL RATE, TON/HR= 2.8

MOLAL IUMIDITY OF AMBIENT AIR = 195000000E-02
AVE.VOL.OF STACK GAS (WET), ACFM =60700
AVE.VOL.Z OF H20 IN STACK GAS = 16.5
AVE.TR2P.OF STACK GAS, DEG.R = 880
AVE,PRES.OF STACK GAS, IN.HG.= 28,54

RESULTS
BASIS 100 LB FUEL COAL (AS USED)

THEORETICAL AIR REQUIRFD :
DRY AIR = 11630.43 SCRM
WEL AIR = 11857.22 SCFM

EXCESS AIR CALCULATED :

BASED ON CO2 BALANCE, DRY

BASED ON OXY BALAMCE, DRY
AVERAGE, DRY
AVERAGE, WET

20248,78 SCht
18798.93 SCIH
19523.85 scrM
19904.57 scpi

b own

CARBON DIOXIDE BALANCE :
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€02 LIBERATED TROM RAU MIX
TOTAL INPUT

C02 MEASURED FROI STACK
TOTAL OUTPUT

MEASURING EFFICIENCY (0/I)

OXYGEN BALANCE :

02 IN EXCESS AIR =
TOTAL INPUT =

]

02 MEASURED FROH STACK
TOTAL OUTPUT - o=

MEAS. EFFICIENCY (0/I)

NITROGEN BALANCE :

N2 IN COMBUSTION AIR
N2 IN EXCESS AIR

u

260.06
497.01

428.06
428.06

86.13

LB/MIN
LB/MIN

LB/MIN
LR/MIN

yA

339.02 LB/MIN
339.02 LB/MIN

293.74 LB/MIN
293.74 LB/MIN

86.64 2

664.80 LB/MIN

1115.94 LB/MIN

TOTAL INPUT = 1780.73 LB/MIN

N2 MEASURED FROM STACK =

1577.30 LB/MIN

TOTAL OUTPUT = 1577.30 Lg/MIN

MEAS. EFFICIENCY (0/I)

WATER BALANCE :

H20 FROM COMBUSTION PROCESS
H20 IN COMBUSTION AIR

H20 IN EXCESS AIR

H20 FROM COOLING PROCESS
H20 IN FUEL COAL

H20 IN KILN FEED

TOTAL INPUT

H20 MEASURED FROM STACK
TOTAL OUTPUT

MFASURING EFFICIENCY (0/1)

_ TOTAL THEO. VOLIRIE OF STACK
"TOTAL }MFAS. VOLIME OF STACK

88.58 7

[N A I T

38.56
10.55
17.71
208.25
6.81
3.69
285.57

267.62
267.62

93.72

CAS (VET)
GAS (VET)
TOTAL GAS 1f2AS. EFFICIENCY

=

LB/MIN
LB/MIN
LB/MIN
LB/MIN
LB/MIN
LRB/HIN
LB/MIN

LB/MIN
LB/MIN

A

39223.41

34871.79
38.91

SCh
-SCR1
yA

A-17
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MATERTIAL BALANCE CALCULATIONS FOR KILN OPERATED WITH COAL AS FUEL

P4ISSION TESTING AT ROAYMOXE PLANT, July. - October/1979

RUNS 39, 40, 41, 42, 43, and 44 (Stack No. 4)

DATA INPUT

CARBON WEIGHTZ IN COAL= 69.24

HYDROGEN WEIGHTZ IM COAL= 4.359

NITROGEN WEIGHT IN COAL= 0,03

OXYGEN WEIGHTYZ IN COAL= 6.63

SULFUR WEIGHTZ IN COAL= 1.63

WATER WEIGHTZ IN COAL= 6.1

CAO WEIGHTZ IN RAW MIX = 43.03

MCO WEILGHTZ IN RAW MIX = 2.10

H20 RATE FOR COOLING PROCESS, GAL/MIN = 26
H207 IN KILN FRED = 0.40

€02 VOL.Z, ORSAT ANALYSIS = 16.93

OXY VOL.Z, ORSAT ANALYSIS = 10

N2 VOL.7Z, ORSAT ANALYSIS = 73.07
AVE.RAW FEED, TON/HR = 27.9

AVE.CLINKER PRODIGED, TOH/HR = 19.0
AVE.FUEL COAL RATE, TON/HR= 3.0
MOLAL HUMIDITY OF AMBIENT AIR = 1.95000000E-02
AVE.VOL.OF STACK GAS (WET), ACFM = 70200
AVE.VOL.Z OF H20 IN STACK CAS = 13.7
AVE.TEIP.OF STACK GAS, DEG.R = 873
AVE.PRES.OF STACK GAS, IN,.HG.=28.91

RESULTS
BASIS 100 LB FUEL COAL (AS USED)

THEORETICAL AIR RREQUIRED :
DRY AIR = 12461,17 SCEMI
WED AIR = 12704.16 SCFM

EXCESS AIR CALCUTATED :
BASED ON CO2 RALANCE, DRY
BASED OH OXY RALANCE, DRY

AVERAGE, DRY
AVERAGE, WET

15608.47 SCP
13665.64 SCIM
14637.05  scrM
14922.48 5Py

CARBON DIOXIDF BALANCE

YT ™t L It Y Nl TRay i m e m m .nrn -y




CO2 LIBFPATED FROM RAW MIX = 335.91 LB/MIN A-19
TOTAL INPUT 589.79 LB/MIN

Al
I

690.88 LB/MIN

/ C02 MEASURED FROM STACK =
TOTAL OUTPUT = 690,88 LBR/MIN
MEASURING EFFICIENCY (0/I) = 117.14 Z
OXYGEN BALANCE :
02 IN EXCESS AIR = "254.16 LB/MIN
TOTAL INPUT = 254,16 LB/MIN

1

02 MEASURED FRM{ STACK 296.79 LB/MIN
TOTAL OUTPUT - = 296.79 LB/MIN

116.77 . Z

MEAS. EFFICIENCY (0/I)

NITROGEN BALANCE :

N2 IN COMBUSTION AIR = 712.28 LB/MIN
N2 IN EXCESS AIR = 836.62 LRBR/MIN
TOTAL INPUT = 1548.90 LB/MIN

N2 MEASURED FROM STACK = 1897.54 LB/MIN
TOTAL OUTPUT = 1897.54 LRB/MIN

122.51 7

MEAS. EFFICIENCY (0/I)

WATER BALANCE :

41.31 LB/MIN
11.30 1LB/MIN
13.28 LR/MIN
216.58 LB/MIN
6.10 LB/MIN
3.73  Lp/MIN

H20 FROM COMBUSTIOHN PROCESS
H20 IN COMBUSTION AIR

H20 IN FEXCESS AIR

H20 FROM COOLING PROCESS
H20 T FUEL COAL

HZ20 IN KILN FEED

TOTAL INPUT 292.30 LB/MIN
H20 MEASURED FRM{ STACK = 265.02 LB/MIN
TOTAL OUTPUT = 265.02 LB/MIN
MEASURING EFFICIFENCY (0/I) = 90.67 7

_ TOTAL THEO. VOLIRME OF STACK GAS (VET) = 35953.76 SCFM
TOTAL MEAS. VOLIME OF STACK GAS (WVET) = 41590.52 .sCFi
TOTAJ. GAS 1(EAS. EFFICIEnCY =  115.68 7




A-20
MATERIAL BALANCE CALCUTATIONS FOR KILN OPERATED WITil COAL AS FUEL

EMISSION TESTING AT ROANOXE PLANT, July.=- October/1979

RUNS 7, 8, 10, 12, and 14 (Stack No. 5)

DATA INPUT

CARBON WEIGHTZ IN COAL= 69.24

HYDROGEN WEIGHTZ IM COAL= 4.59

NITROGEN WEIGHTZ IN COAL= 0.03

OXYGEN WEIGHTZ IN COAL= 6.63

SULFUR WEIGHTYZ IN- COAL= 1.65

WATER WEIGHTZ IN COAL= 5.8

CAQ WEIGHTZ IN RAW MIX = 42.85

MGO WEIGHTZ IN RAW MIX = 2.13

H20 RATE FOR COOLING PROCESS, GAL/MIN =49.5
H207 IN KILN FEED = 0.34

C02 VOL.Z, ORSAT ANALYSIS = 10.8
OXY VOL.7, ORSAT ANALYSIS = 14.85

N2 VOL.Z, ORSAT ANALYSIS
AVE.RAW FEED, TON/HR = 102.3
AVE.CLINKER PRODUCED, TON/HR = 64.3 )
AVE.FUEL COAL RATE, TON/HR= 9.4
MOLAL HUMIDITY OF AMBIENT AIR = 1.95000000E-02
AVE.VOL.OF STACK GAS (WET), ACFM = 288600
AVE.VOL.Z OF H20 IN STACK GAS = 12.7
AVE.TEMP.OF STACK GAS, DEG.R =792
AVE.PRES.OF STACK GAS, IN.HG.= 28.87

VA

RESULTS
BASIS 100 LB FUEL COAL (AS USED)

THEORETICAL AIR REQUIRFD 3
DRY AIR = 39045.00 SCF
WE. AIR = 39806.38 SCFM

EXCESS AIR CALCULATED :

BASED ON CO2 BALANCE, DRY = 116199.82 SCE

BASED OH OXY BALAMNCE, DRY 117473.65 SCIH
AVERAGFE, DRY 116836.74 SCFM
AVFRAGE, WET = 119115.05 SCFM

N

.

CARBON DIOXIDE BALANCE
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CO2 LIBFERATED FROM RAU MIX = 1228,72 LB/NIN A-2],
TOTAL INPUT 2024.21 ILB/MIN

1997.62 LB/MIN
1997.62 LRB/MIN

CO02 MEASURED FROH STACK
TOTAL OUTPUT

hon

MEASURING EFFICIENCY (O/I) = 98.69 7
OXYGEN BALANCE :

02 IN EXCESS AIR = 2028.79 LB/MIN
TOTAL INPUT = 2028.79 LB/MIN

02 MEASURED FROM STACK = 1997.62 LB/MIN
TOTAL OUTPUT - = 1997.62 LB/MIN

98.46 Z

"

MEAS. EFFICIENCY (0/1)

NITROGEN RALANCE :

N2 IN COMBUSTION AIR = 2231.81 LB/MIN
N2 IN EXCESS AIR = 6678.11 LB/MIN
TOTAL INPUT = 8909.92 LB/MIN

N2 MEASURED FROM STACK = 8751.34 LR/MIN
TOTAL OUTPFUT = 8751.34 LB/MIN

MEAS, EFFICIENCY (0/I) 98.22 Z

WATER BALANCE :

129.44 LB/MIN
35.41 LB/MIN
105,97 LB/MIN
412,34 LR/MIN
18.17 LB/MIN
11.63 LB/MIN
712.96 LB/MIN

H20 FROM COMBUSTION PROCESS
H20 IN COMBUSTION AIR

H20 IN FXCESS AIR

H20 FROM COOLING PROCESS
H20 IN FUEL COAL

H20 IN KILN FEED

TOTAL INPUT

O I T T

1100.77 LB/MIN
1100.77 LB/MIN

H20 MEASURED FROM STACK
TOTAL OUTPUT

MEASURING EFFICIENCY (0/I) 154.39 27

l E EE N AN NS BN W B ED B T EE S SR EE - EE .

TOTAL THEO. VOLIRIE OF STACK GAS (VET) = 180816.10 SCFM
TOTAL }fFAS. VOLIME OF STACK GAS (WET) = 186351.21 .SCF1
TOTAL GAS 10AS. EFFICIENCY = 103.06 7
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A-26
Fomm 407 eEy - FG
PITTSBURGH TESTING LABORATORY
ESTABLISHED 1m81 T
850 POPLAR STREET, PITTSBURGH, PA. 15220 oo ey e O
AS A MUTUAL PROTECTION TO GLIENTS, TME PUBLIC AND DOURSELVES, ALL REPORTS p'TTSBURGh- 4. 15230

ARE SUBMITTED A% THE CONFIDENTIAL PROPERTY OF CLIENTS, AND AUTHORIZATION
FOR PUBLICATION OF STATEMENTS. CONCLUSIGNS OR EXTRACTS FROM OR REGARDING
QUR REPORTS IS RESERVED PENDOING QUR WRITTEN APPROVAL.

LABORATORY No.
AREA CODE 412  TELEPHONE 922-4000 800852

CLIENT'S No. P.O. #V-15921 ORDER No. PG-12577

REPORT

Oct. 12, 1979

Sample Description: COAL
Submitted by: Lone Star Cement Inc.
Reported to: . Lone Star Cement Inc.

Roanoke Plant-
P. 0. Box 27
Cloverdale, VA. 24077

As Received Dry Basis

Moisture 1.36% -

B.T.U. Per Pound 13,140 13,321
Carbon - T4 .56%
Hydrogen - 4,94%
Oxygen -— 7.14%
Nitrogen - 0.03%
Sulfur : - 1.78%

PITTSBURGH ING LABORATORY

William S.
Manager, Chemical Department

2-Client
Attn: W. W. Hurst

ear
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A-28
£2A METHOD 5 SAMPLING TRAILN

Sampling Nvzzle

[N

Sampling probe sneath

Heated sample probe liner

b
.

/E T am ..

0

Cyclone assembly (proposad regulations do not require this cyclene)

OQut of stack filter assembly

]
un

n

Heated filter compartment maintained about 250°F (proposed = < 248°F + 25°F)

L
~d
:

Impinger case

First impinger filled with H,0 (100 ml)

-
<o

Greenburg-Smith (or modified Gresnburg-Smith) impinger filled with 5,0 (100 ml)
Third impinger - Dry

Fourth impinger - filled with Hy0 absorption media (200 - 300 gm)

- -

Impinger exit gas thermometer

Check valve to prevent back pressura
Umbilical cord - vacuum line
Pressure guagze

Coarse adjustment valve

e

Leak free pump

—
~
.

By-pass valve
Dry gas meter with inlet and outlet dry gas meter thermometer

Orifice metfer with manometer

"S" type pitot tube with manometer

3
"~

Stack temperature sensor

- ‘
.

F.
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RUN NO. \
PARTICULATE & WATER CATCH

Final Weight WATER WEIGHT GAIN

IMPINGER 1 ! 34 ‘0_7

Va
IMPINGER Initial Weight 523 279
NO. : I
i nerease IMPINGER 2 ;2 04~
' Final Weight 57 L./ 2-3/
IMPINGER 3
l IMPINGER Initial Weight — I—
NO. ™) Increase (:,LLC.7 VA
- IMPINGER 4 (7. &/
I Fi-.nall Weight Lﬁg‘é .'7’ 7. al’/
IMPINGER Initial Weight _ TOTAL /L
l NO. Increase LS. Jo ORSAT
Final Weight ‘Zg'i RS ¢ €0y —"——'S
l IMPINGER Initial Weight gl -
NO. Increase 733,5‘~L 0, (5.8
Co <
I FILTER NO. Final Weight /7 Co
' Initial Weight —
’ Part. Catch 7 Z-é.! _ 28 Noy 7é'o
l O S D
SOLID WEIGHT GAIN F ey o ;_/ <
_ : ‘3
l ‘Final We1ght /9(3 / 327 BEAKER
_ BEAKER Initial Weight /¢5-0/7S Ag@
' NO. Increase o BEApr._g 67
. Final Weight :
BEAKER Initial Weight y;
l NO. Increase —_— B_EAKER/‘%' Ll
' TOTAL =7 327
l Final Weight
BEAKER Initial Weight
I NO, Increase
BEAKER/ Final Weight “#3 7p30
NO. g Initial Weight ,,,9 . /SE £SC?
l PROBE WASII Increase WL
Moisture Content: Sample Vol./("2{¥t.3 x 466+ 76 X 28.3 L/ft.-":{fz%-j L Dry Gas
460 + Meter
(‘.-. -, \Bé ‘{T&mp'c .
Water
‘ =7 0f0°3L
l We1ght 7 51 24,1 L =,2;{3 L H,0 Vapor Total &
' 18 gn. mol. - _ 2
l m01. HzO VOIU "njg :: x 100 = ( n “,5

Total cho 2
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IMP INGE;
NO.

IMPINGER
NO. (.

IMPINGER
NO.

IMPINGER
No.

FILTER NO.

L

e .

BEAKER

No._1b

BEAKER
NO.

BEAKER
NO.

BEAKER
NO.
PROBE WASH

Moisture Content:

RUN NO. ~ 2_

PARTICULATE & WATER CATCH

Ll
Final Weight (56] b 3\

Initial Weight = (~
Increase QLL; LP

Final Weight 55 ) |

Initial Weight _
SUY )

WATER WEIGHT GAIN

IMPINGER 1 /$73 2{

IMPINGER 2 /53

IMPINGER 3 20 3]

IMPINGER 4 X -/ §

Increase

Final Weight & 7 TOTAL (7{ 74/
Initial Weight -—
Incrg:fse L&\LD . ORSAT

ne " 8.2
Final Weight § ol'S o, _é..___
Initial Weight -
Increase 2 $0.%¢G 0, /S ¥

’ Co
Final Weight $/4/( <&

Initial Welght
Part. Catch 728/ - N,

O3
SOLID WEIGHT GAIN

Final Weight /(/Q 3R3IC K

= BEAKE S ©
Initial Weight /%-: 2325 R}B'_@_b—%
Increase f‘ﬁmeéaeg LD
OG L —jgé
' BEAKER 3

Final Weight
Initial Weight
Increase

BEAKER/L . © T /<

TOTAL /I8 2

Final Weight
Initial Wei gﬁ—'—_

Increase

Final Weight /¢{.02¢ 8

Liitial Weight/w)—. ) é}a
Increase ———

. 55'—554 _' -
fg’o -~
Sample Vol.Z/- gd/ fe.3 x 456——70 X 28.3 L/ft.sﬁmz-_?l, Dry Gas
460—Feter
) f}é-ﬁemp.

: /i
24.1 L = %2 [L H,0 Vapor Total =.2)443L

mol. H,0 Vol. an x 100 = /Y. é% _
Total (71«)67‘_%
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PARTICULATE FIELD DATA
To® W L
. : L
Run No. G mfw..m?_  Amb, Temp. °F __'1V°« Probe Tip Dia., In__~ 9 ~ lleater Box Setting
Location k)9, N <™ Bar. Press. "lg. %MJ\ Probe Length !
Date )/ 24175 o_\lﬁms__& Noist 0% Inp. zo?n A Irmw_ % _m_%w Mlm_ﬂmww_ﬂwrﬁxw:m
Operator _ (¢ rpg) i Test Periods :.WP@MP&(( Sample Box z._u. _ START OF EACIH TEST
vl : = < POINT
. Dry Gas Pitot Orifice AH Pry Gas Temp.| Vac. Box Imp. Iprobe |Stack |Stack
Point | Clock | Meter C.F.| In. - 11,0 In. ItH0 °F In. lig| Temp. | Temp. |Temp. | Temp. |Press.
(gl s SR . 4 AP - [VAP - |Desired | Actual | Inlet | Outlot]026¢ F _HT °F °F In.HZ0 |
S-) o] 2. v 27 [ < | Go |. S5 x| &9 o |21a9] Ko | 2L [220
Sen o] ] %9V 37 Clo 0 |- 9 ek | 71 o (Ve BB 1 1S 22
S-3] 2el22¢83 .45 {L.o7 | 1D — e | 71 [ o [228] 2% | 228 | 22
S— 4] Sut. 20 |  So | 1] 2 | .73 R | D | 1,0 | ) RS | 299 | 22«
=g H4b| Dyt Bl Se [ TS e | .22 | GRI VLA | 570 IG [ 20] | 2%
—C | SHDLSE]IANS (.S .85 | g | IS [ 1.8 DS 21 | 2o 24
E-f 1"'%2]24¢4.95 [ 23 [ 44 | oS [ Sz | 13 s o | Mo | K9 [ 157 =¥ -
~ 21 B8 361 .36 1,690 | 9 1.6 | QI [ )L | 1o [ Den | R | [£S ] D30 [F.5
) 2] 295 21 | »e o | d |.G6 Av| 76 | 1.8 a3 S T nws
£l 3| 259.%S HNMN.T 2o | .8 |86 | ¢|1S [ ). | 2% [ 53 |2 a ] 5wtc
' 3% 202V | (5 %vc Wi 20 | 1S | LO YUY DU B |24
G 481 2en .53 | UKL | oA | =0 Y 1S | 2o i Lo |22 | 28 | 2yy [ >
N—§ P85 [2eS .61 {18 v | 48 | g Al /0| [o|Bjo | T, | oI
N~ 29| 2R3 |nWD] | | ey [ Y NN 202281 T 1ISS [ 29
M-2)| 2515 o% |2 o .09 | .7 Yol 1> [ 1.5 1 Y| KT A7 [ 225
W—cf]l 412393797 |« | CF [ T9¢ | A ol (-S> BT 2y 220
N -5 4721239¢ 2l ) | | oS5 Qolo< 22 | D5o| g9 | 2Q77] 2L
N—-G | sal2g.90 [ S5 ].6e | 1 Jo el V¢ oS la [ 2|58 | 22
W- | | BRI F TR [ [Laq [ u4F B b | | O[NNI AC | 126] Zed
~ 2 IELVE | G [ S e | o~ EWI b | 1.S [ 15o[ ¢ 10| 26
Z ﬁ. S81. v | Do |1 «“a 1.7} 3 | \S | Mol 4 A EESTA
Fl 26 3%3.So| D [ | IS | o PLL DN <L [ 2ol g5 156 | 202
Sl _da[Z9v. s a5 [ e [0S | 97 | X9 [ 1 < [P lad [0 | 2020
b ,ﬁ\Jw. 0 |+ o LR IS %691 2o 0/%,@.9 206 | 22t
TAL - ) |
AVERAGE oV ] 7 \ 1\ 1% | AN %2
| st 191
QN n @D&rnb( rb.\ﬁmm - ﬂu\z.ﬁo e O.bﬂ\v Corvrn st mvowmw: ﬂ. mwwwﬁwwmmon Factor ﬁ
~+ CORRECTED SAMPLE VOLUME = f,mw mn.utl.mjﬁlﬁnl .L.\FW'\._\. 3
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PARTICULATE FIELD DATA

m‘« hcm \\ t . . To -\ﬂ
Run No. (S _ Amb. Temp. °F &9 DA Probe Tip Dia., In t lleater Box Setting
Location nﬂawmvﬁ.\ - Bar. Press. ::n. N%%W * - Probe —.._m:mﬂ: .N\ . FILL IN ALL BLANKS
Pate &/8/25 Assumed Moist  __ /29f Inp. Nos. READ § RECORD AT THE
Operator h\ao\m.manm Test Periods @0 (44 fyw. Sample Box No. ___ . START OF EACH TEST
POINT
Dry Gas Pitot , Orifice At Dry Gas Temp.} Vac. Box Imp. |probe |Stack (Stack
Point |'Clock | Meter C.F.| In. - 1,0 ‘In. 11,0 °F In. Hg| Temp. | Temp. |Temp: | Temp. |Press.
Time S22 AP . INAP |Desired | Actual | Inlet | Outlet Gage F F °F °F In.li50
St /o) £0]-00 2.2y 10.9f | 0.32 | 228 | &f 64 | bo. 242 | 70 & |
» | 09 20924 |0% |2.57 1 081 | 04D | & 7 | o | 280 | 2 | 129 | 23
2 | 12 \@1/-07 1odolob2 | 6.62 |57 | 82 | gg |22 |26 | 7, | 1717 | 32,
¢ 1 14 1ptd3) lode| oér | 467 | 0-7 W 69 130, | 200 | &P |25/ 123>
£ | 2¢ mi.ﬁ\ 0-43 |06t | 0:by | pF0 | £ |9/ |30 | 284|292 [30,71]%%;
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PARTICULATE FIELD _.u>.H.>

648 | 7 212
Run No. _ \N _ Amb. Temp. °F _£7 208 ~* Probe Tip Dia., In £ lleater Box Setting
Location STARIC Bar. Press., "lg. 28 £33 Probe Length ﬂ.. FILL IN ALL BLANKS
Pate She/29 Assumed Moist — __s27h Inp. Nos. READ & RECORD AT THE
Operator Cliv [ BER Test Periods LFF 2/n Sample Box No. START OF EACH TEST
POINT
Dry Gas Pitot Orifice A H Dry Gas Temp.}Vac. Box Probe | Stack [Stack
Point | Clock | Meter C.F.| In. - 11,0 ‘In. 11,0 ° In. Hg) Temp. Temp. | Temp. {Press.
Time (). 68 AP .TNAEP |besired [ Actual [Inlet [ Outlet Gage F °F °F In.H,0
N- [ 7¢tffof 423 6% lp.2210.55 | 0.43 | 0.39 | &4 9 (0.0 | 243 67 | 33
2 | fo | pnb. 2| o4r|osérl| 267 | 067 | £7 69 | 1o | L2 | 3¢
2 1 (nf-9P losoled |p.27 m.wqwll&\ gl | fif--| +37 208 | 5S¢
e |22 | 3460 | oy isy |08 | 685 | & | o | 2.0 | 288 | 69 | 207 | 73/
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¢ | aq |/77-50 | o-do| 0-(2]| 043 063 | 2% Po | | 2a7 A72 | 3eq-
1 S0 1/g0.0) loda| 04rl odg | 044 | 24 | 79 | 2o | 2¢ " | 2o
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PARTICULATE FIELD DATA

~

Nu)o._“

o Gk G e

£E W8 | ._
~@ _ Amb. Temp. °F é8 b8 Probe Tip Dia., quﬁ llcater Box Setting
Location STK. Bar. Press, "lig. 225" Probe Length / FILL IN ALL BLANKS
ghnf19 Assumed Moist Hﬁw@ Inp. Nos. READ § RECORD AT TIIE
Operator el [ BLUCE Test Periods (3L it Sample Box No. START OF EACIH TEST
K= 0. bl POINT __
Dry Gas Pitot Orifice 4 H Dry Gas Temp.| Vac. Probe | Stack |Stack
Point | Clock | Meter C.F.| In. 11,0 In. 108 %eq/ °F In. Hg Temp. | Temp. |Press.
Time 9.6 | AP . AP IDesired | Actual | Inlet Gage °F °F In.lt50
VB -1 152451 07/.42 [0.(F (o9& |p.22 | 632 | &7 .0 224 | 3¢
2 6 107293 1014 |037 o2 | 5247 | 9 4.0 2t¥ | 304
3 | ¢» 1f7¢.lo 10-09 ls.30 | p.t6 | o " | g7 o p | k| S
g | @ |¥26 1 lood o280y | 2 | T¢ 2-0. A M2 | #%é
S | AN 6.3  1p.07|0-26 | 242 |0l | 9f 0. b 2f | 3/¢
L oo \P77.27 [4.69 |p-%0]| 00& | 0 .(¢ yaid 0.0 | 203 | 241
et NP/ 127 06 002 {017 | p.05” | 0.0 | £ 2.0 B | 277 |+0.2¢
2 22 |79 . po |oanr | o2% 009 | o.te ww\ 4.0 ) | F2¢-
2 | 29 1#79.99 (p-et o280ty | 0.4/ o 2:0. (20 | 348
¢ | 3¢ @81 (0 1eo) |2l 0rrn| o.1¢ | S oo 228 | J29
Cl a1 [F52r9 |oof |68 | 000 | 0 df | 21 6.0 27, | 327
yA .@P%Rﬂ s.ff | 6:22 | 0220 048 | Q> 0.0 Slo | Iy
=1 19jo:nfofs £E4. 35" | v.0¢ | p.22] 009 | po9 | F2 2.0 L2 | 327
z | ¢ |4l ov. 1ow3 1 57| opr| 20 | fZ 6.0 (2. | 295
2 | 20 |F0C 68 16021 .02 0.0i7 | -0 | s. 0. (24 | 27
a 24 1576 %~ 1093 | 07| 0.a8 | p.0C | o 0.2 e | o2
|22 [57.23 lopr [oav]0.07 | 429 [ ) 2.0 2T | 302
Lol 28 | e 0.06 | aot| 0.4 g (v | 79 0o | 2483 | 34/
be — 1 VoN2/cp| PRE . Go 2:02 | 247 | o.0r. g.od” | £o 2.2 /29 | 20,
2 |u:dq | 589 .7 | o0t | prvo| po7. | 507 | PO 9-0. 7| 304
3 (o 0. | 8.06 ) 0.4 | 0.1/ ofv_| 2 2.0. (/| 209
A | ¢ /- & voc|o22| 007 | 040 | 3¥% | /2 | p.O 24| X9
£ 22 | A, 6 0-0L | #29.] 2:29 | s.Jo | L {00 263 | Do~
G| 28 |#9.67 |o6:0] |o0-2b | oy | o | £3 9. 0 | e
(44 \ ST | 282 | 284 | (#)p _ | 7947
G 0208 | o il | 0.1 f 177-91729- ¥ 30.7
. . ! . e V%.N lNl
£0: 40 §§ b\* »o@..ﬁ\ rn\ww R dwm Volume ration mwnﬂow
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PARTICULATE FIELD DATA

&4 wsb p _ >0
Run No. & Anb. Temp. °F &L 28 . Probe Tip Dia., In_ 4 tleater Box Setting
Location Stack Bar. Press. "lg. ’ Probe Fozmﬂ_.- r FILL IN ALL BLANKS
Date P22/29 Assumed Moist Inp. Nos. READ § RECORD AT TIIE
Operator _ Clu /B8 Test Periods Sample Box No. START OF EACI TEST
: K= 0.67,2 POINT
Dry Gas Pitot, Orifice A H Dry Gas Temp.|Vac. Box Imp.  lprobe |Stack |Stack
Point | Clock | Meter C.F.| 1In. - 11,0 In. 10g 23.¢67 °F In. Hg ._.ms_u. Temp. iTemp. |[Temp. [Press.
< Time A@W AP - |JAP |Desired | Actual | Inlet | Outlot! 02E€ F F °F °F In.lt,0
38~ [ |F37/32] 191 & 2.0 \ o B o34 | 228 | 76 | o7 Voo | 28/ | o | &/ | 2%
2 139 /9367 10.¢9 Vo2 |0 (¥ | 049 72 | 72 0.0 | I0| 2471 (72 | 702
3 1 a8 | (73:8) 0.9 |oac [00f [00f | | o) |po |35 | B | /w0 | 3,9
£ | <t |(Te-4& 007 |6 | 6.47 |70 o | £z |lpe (2271 | 24, | 22
S 7 V3590 1p.07 0| o1 |amwol 2F | Z | 00 |oto | BF | 207 37/
| 6 902 |(77. /¢ 1909 | 030 | pt¥ | 0.48 | 77 29 0.0 | 2dF | PE | 249 | /9
RNBEN ﬁ%\k (.03 \p.of | p.rr| 0.0f | 0.08 | P/ o | 00 |268% [ £O_ | 23, | 2%
> | >0 {99y 009 |p. b | o.tr | 0t] | BL | - | 5.0 | 237 | 28 | /7u Jeo
31 | 22 | 28p.30 p-0f | 0.28 | ¢ .72 0-I9~ £/ P3 2-0 | 284 | £ (7¢ | 3/72 |03
¢ 3 |20/ 42 |02f |oap | 243 otz | JC (&~ | 5o | 294 | n | par | 224
£l ad 12268 looFlo2o (st [0t | 77 | FE | 5 5 | op2 mw | 267 |34~
€1 Co | 203-78 lopf 120301 56.7¢ | £0.72- 26 178 | 9.0 | W2 Fo | q0 |0y
N-7 e _2\\& 12¢. 7> ope | 2-22| 0.08 | s.08 X3 279 | oo | 2421 Po 1 /75 | D40
| /7 | 20638 [oot| 530 g.0L | 0.0a" 2" | Jo Spn | 271} FO |l | 2%
Sl 23 [206./3 203 | 642 | 20| 8 0f 27 V724" L op | 22| 7 ¢S? | 7
¢ |2 | 2071z |p.0f | 62| 029 [ 009 | o 72x | oo |2¥ | 7o | 94 | 3.2
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PARTICULATE FIELD DATA
27 48 , 20"
Run No. 21/ Amb. Temp. °F 2128 ~ Probe Tip Dia., In Ye' licater Box mmhmsm.,
Location mﬂ\b‘ﬁw . Bar. Press, :__W. . Probe rm:m.ﬂ_._. %\ FILL IN ALL BLANKS
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_ 4B ” X2 F
Run No, 22— _ Amb. Temp. °F Ww%.&w Probe Tip Dia., In wo\ ifeater Box Setting
Location .WQ-\R Bar. Press. "llg. . Probe Length . BQ\ FILL IN ALL BLANKS
Date £/30/29 Assumed Moist Inp. Nos. READ & RECORD AT TIE
Operator _ gl /5aR Test Periods /G 4 Sample Box No, START OF EACIT TEST
POINT
oo Clock Dry Gas Pitot Orifice AH Dry mwm Temp. M.mn.: ,__w.ox .ﬂ,a? Probe | Stack |[Stack
oint 1oc Meter C.F. In. 11,0 In. il,0g *3 714 n, lg emp. | Jemp. Temp. Temp. [Press,
Time wa\w 4! 1 AP .|NEP |pesired | Actual | Inlet | Outlet| 8¢ F m.n’ °F °F In.Hy0
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PARTICULATE FIELD DATA

E«c& st >Ta T
Run No. mwtﬂ mhﬂ Amb, Temp. °F 20 46 Probe Tip Dia., In 4 lleater Box Setting
Location hﬂhﬂ\ﬁ Bar. Press. "lg. m NM Probe Fmsmﬂ_u < FILL IN ALL BLANKS
Date 9/2/29 Assumed Moist (£ Inp. Nos, READ § RECORD AT TIlE
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PARTICULATE FIELD DATA

20 B 2o
Run No. 2 20 Amb, Temp. °F 73 Pe Probe Tip Dia., In lleater Box Setting
Location n\m&\ﬁ Bar. Press, ::w. AN ¥ Probe szmﬁr FILL IN ALL wg,:,w
Date 4(3/24 Assumed Moist — % Inp. Nos. READ § RECORD AT THE
Operator nﬁmw“ [ BPuce Test Periods : ; Sample Box No. START OF EACH TEST
. ohe (] POINT
Dry Gas Pitot , Orifice 4 H Dry Gas Temp.{ Vac. Box Imp.  Iprobe |Stack [Stack
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PARTICULATE FIELD DATA

7o x\&w . 1 " %AJD ...ﬂ
Run No. /4 _ Amb. Temp. °F 23DR Proebe Tip Dia., In, \W - lieater Dox Setting
Location S Bar. Press. "lg. _ 28 73° Probe Length g1 FILL IN ALL BLANKS
Date 9f[29 Assumed Moist 2/ Inp. Nos. READ E RECORD AT THE
Operator Q,F_:.. m\_\\ Test Periods < w7 Sample Box No. START OF EACH TEST
' Oue. | POINT —
Dry Gas Pitot Orifice 4 H Dry Gas Temp.{Vac. Box Imp.  |probe | Stack [Stack
Point | Clock [ Meter C.F.| 1In. 11,0 In. 11,0 °F In. Hg| Temp. | Temp. [Temp. |Temp. |Press.
Time 4qo . o AP - INAP . |Desired | Actual Inlet | Outlet Gage F F °F °F In.ly0
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PARTICULATE FIELD DATA

. 200
Run NO, mE_ _ Amb. Temp. °F Probe Tip Dia., In \Rm Heater Box Setting
Location 7 Ciirk #4- Bar. Press. "ig. Probe Length {s FILL IN ALL BLAVKS
Pate Do/ Assumed Moist Inp. Nos. RCAD § RECORD AT THE
Operator t z Test Periods Sample Box No. START OF EACH TEST
.IE POINT
Dry Gas Pitot Orifice AH Pry Gas Temp.| Vac. Box Probe | Stack |Stack
Point | Clock | Meter C.F. 11,0 In. 1150 °F In, lig| Temp. Temp. | Temp. |Press.
Time PR AP AP |Desired | Actual | Inlet | Outlet Gage F °F °F In.l150
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PARTICULATE FIELD DATA

Lyve o 572 L
Run No. d= Amb. Temp. °F 63 ot Probe Tip Dia., In, n\m. - Heater Box mmnﬂ\;ml
Location ;&Wmmxm m$WWAw&mm\ Bar. Press. “ilg. =& SfpV Probe Length 'y FILL IN ALL BLANKS
Date Vo 2F Assumed Moist 2% Inp. Nos. READ & RECORD AT THE
Operator n§ (B Test Periods /2K pree, Sample Box No. START OF EACIT TCST
. POINT
Dry Gas Pitot Orifice 4 H Dry Gas Temp.}Vac. Box Imp. |pProbe | Stack |Stack
Point | Clock | Meter C.F.| 1In. - 11,0 In. 1,0 °F In. lg| Temp. | Temp. |Temp. | Temp. |Press.
Time 220 AP - INAP |Desired | Actual Inlet | Outlet Gage F F °F °F In.i1,0
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K | ui08 | 20 (o EWW 0% | opd | 024 ' BF 1D |o0o. |299 |7 | 78| doz /
A liao/d QL 48 (o 038l o loa| | 64 [ ER 1o | 57 [ 224 99 | 25,
v 1ad 199p fF lolC [ 0291027 B3 | 4 68 150 1942 | 42| /7 | (o
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PARTICULATE FIELD DATA

61 wR , KA F
Run No. &\vﬂ _ Amb. Temp. °F ,m.w bnw Probe Tip Dia., In._ \W . Heater Box mn\ﬂnw:r
Location lW\\\N\A..% Aﬁ\ Bar. Press. ..:n. Probe rm:mnr £ FILL IN ALL _wg/:,nm
Date Q\Wu\oe\ Assumed Moist Inp. Nos. READ § RECORD AT TIIE
Operator Test Periods (28 tey Sample Box No. START OF EACH TIST
POINT
Pry Gas Pitot , Orifice 4 H Dry Gas Temp.| Vac. Box Imp.  probe | Stack [Stack
Point | Clock | Meter C.F.| In. - 1150 In. U0 459 °F In. lig | Temp. Temp. |Temp., |Temp. [Press.
Time 269.7) AP VAP |besired [ Actual | Inlet | Outler| *28¢ F F °F °F In.150
~ Wafob | 370. 89 1022 lo¢f |0 a7 | 0.ad | 2¢ |72 |0 5 10z 1 oF | 2o | 557
> ¢ 1373. 6 loog |ovg | 67 | 044 7z S loo Vg | so | fg | b3
S 1 Jx 13267 lpof Tos3) oy [op |59 |97 |s.6 (219 | A g | dob
|20 (3261 |p2t lox) | 052 | s.00 | 96 29 oo |27 | £3 244 | god
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PARTICULATE FIELD DATA
6/ wWB P 210 [
Run No. 41k _ Amb. Temp, °F 67 I Probe Tip Dia., In, \m - llcater Box Setting
Location STt # ¢4 Bar. Press. "ig. Z8 So - Probe Length - FILL IN ALL BLANKS
Date 70-2/75 Assumed Moist A Inp. Nos. READ § RECORD AT THE
Operator B.\\mv\%\nm\ Test Periods 124 rny Sample Box No. START OF EACI TEST
: POINT
Dry Gas Pitot Orifice AH Pry Gas Temp.| Vac. Box Imp.  |probe |Stack |Stack
Point | Clock | Meter C.F.| 1In, 11,0 In. 10 gy 4 °F In. lig} Temp, Temp. (Temp. | Temp. |Press.
Time Yo7 72-1 AP .[VEP- |Desired | Actual Inlet | Outlor] 028€ " F F °F °F In.i1,0
Aol woifel Plo. 28 To.p | od] 022 | 03¢ | 4o | g | o553 [ 25 1o 275
2> 2 €12 72 1009 | p.da] 0.34 | 0233 4 | 62 |0 & |.2a7 | (5 174 | g
S | 28 828 1000 |0 dl | pag | 030 | & m.w 1o 1227 | 72 | /20 | 29~
d \2¢ | #H2.97 10221097 | 6.dp | 029 g 0.8 1292 | d¢ | 2 | 35%
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=t 12237 §31. 60 020 (047! 0.d2 | b.do &4 Te 2o 1 2p2 | 7p | w2 1 39,
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PARTICULATE FIELD DATA

_ /4t Reidla
Run No. < Amb. Temp. °F : Probe auv Dia., In, 4 lleater Box Setting
Location m\\mNM\ u% .\ Bar. Press. :__m. 7 Probe Fﬁ:ﬂn? »ﬁ d FILL IN ALL BLANKS
Date 4ha/29 Assumed Moist _ sgo; Inp. Nos. READ & RECORD AT THE
Operator ..D&:\ e Test Periods LA A5 Sample Box No. START OF GACIH TEST
: POINT
Dry Gas Pitot Orifice & H Pry Gas Temp.{ Vac, Box Imp.  [probe |[Stack [Stack
Point | Clock | Meter C.F.| 1n. 1,0 In. 107 09,9/ °F In. Hg Temp., Temp. |Temp. |Temp. |Press.
Time Mb6:LL | AP -TAP |Desired | Actual Inlet | Outlor| 028 F F °F °F In.11,0
At Pl 2t ¢ | 6.Bl i | Dor] 608 A | 2 |00 |27 Z | Be 374 |
2. | - | UL (A ol lado 02y | b | 2 74 00 | 2o | 26 2vs” | qor”
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PARTICULATE FIELD DATA

. so e . : 270 ° N\:\.
Run No. nvm.. Amb. Temp. °F h»WWﬁuv Probe Tip _uw._m. , In \\Q\ Heater Box anﬂwzml
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Nate (ofi2|79 Assumed Moist e Inp. Nos. READ § RECORD AT TIIE
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