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SECTION 1
SUMMARY

Roy F. Weston, Inc., (WESTON®) was retained by W.S. Frey Company (FREY) to conduct

a source emission testing program on the stack of the venturi scrubber serving the lime kiln
process at the Clear Brook, Virginia facility.

The objective of the testing was to measure particulate matter (TSP), sulfur dioxide (SO,),
oxides of nitrogen (NO,) and carbon monoxide (CO) emission concentrations and mass rates
exiting the lime kiln’s venturi scrubber. All testing procedures conformed with United States
Environmental Protection Agency (EPA) Reference Methods (40 CFR 60, Appendix A).
Mr. David A. Taylor of the Commonwealth of Virginia’s Department of Air Pollution
Control (DAPC) was present during the testing program.

A summary of the test results is presented in Table 1-1.

WSFO12C.RPT 1-1



TABLE 1-1

SUMMARY OF EMISSIONS
LIME KILN VENTURI SCRUBBER STACK
W.S. FREY COMPANY - CLEAR BROOK, VIRGINIA

|
| Date 5-19-92 5-19-92 5-19-92
| i 1154-1329 1455-1624
Temperature, °F 148 148 148
Oxygen, % by volume, dry 4.8 5.0 5.8
CO,, % by volume, dry 20.9 20.7 18.9
Moisture, % 24.1 23.6 24.0
| Velocity, ft/sec 92.0 92,0 91.7
II Volume Flow Rate » | |
- Actual, ACFM 34,500 34,500 34,400
- Standard, DSCFM 23,000 23,200 23,000
NITROGEN OXIDE
Concentration, ppmv (dry) 494.6 479.8 598.0
Mass Rate, Ib/hr 8L.5 79.7 98.5
Emission Factor, 1b/ton of lime 9.1 8.5 10.7
SULFUR DIOXIDE
Concentration, ppmv (dry) 726.7 891.1 768.3
Mass Rate, 1b/hr 166.5 206.0 176.1
Emission Factor, 1b/ton of lime 18.5 21.9 19.1
CARBON MONOXIDE
Concentration, ppmv (dry) 85.3 180.5 50.9
Mass Rate, Ib/hr 8.6 18.3 5.1
Emission Factor, Ib/ton of lime 1.0 1.9 0.6
| PARTICULATE
Concentration, gr/dscf 0.0485 0.0425 0.0705
Mass Rate, Ib/hr 9.57 8.46 13.89
Emission Factor, Ib/ton of lime 1.1 0.9 1.5
1-2
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SECTION 2
INTRODUCTION

WESTON was retained by FREY to conduct a source emission testing program on the stack
of the venturi scrubber serving the lime kiln process (reference No. 22 and SCC No.
30501604) at the Clear Brook, Virginia facility.

The objective of the testing was to measure particulate matter (TSP), sulfur dioxide (SO,),
oxides of nitrogen (NO,) and carbon monoxide (CO) emission concentrations and mass rates
exiting the lime kiln’s venturi scrubber. All testing procedures conformed with United States
Environmental Protection Agency (EPA) Reference Methods (40 CFR 60, Appendix A).

All tests were performed on 19 May 1992 by WESTON Air Quality Testing Services
personnel. Mr. Mark A. Georgiana of FREY coordinated the testing with facility operations
and served as WESTON’s technical contact throughout the effort. Mr. David A. Taylor of
the Commonwealth of Virginia’s DAPC was present during the entire testing program.

Section 3 of this report presents the detailed results of the testing effort. Section 4 describes
the lime kiln process. Section 5 describes the test location. Section 6 describes sampling
trains and general sampling test procedures. Raw test data, laboratory reports, sample
calculations, equipment calibration records, process operations data, calibration gas
certificates, chain of custody, and a list of WESTON project participants are provided in
Appendices A through H, respectively.

WSFO12C.RPT 2-1
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SECTION 3
RESULTS AND DISCUSSIONS

A summary of the test results is presented in Table 1-1, page 1-2 of this report. Detailed
test data and results are presented in Table 3-1 of this section.

All test data and test results shown herein are believed to be representative of process
emissions encountered during the testing periods. Mr. David A. Taylor of the Common-

wealth of Virginia’s DAPC was present to observe the testing and process operations.

No process, sampling or analytical problems were noted during the entire testing program.

WSFO012C.RPT 3-1
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Table 3-1. Detailed Summary Of
Emissions - TSP, NOx, S02, CO.
W.S. Frey Co. Lime kiln Venturi

Scrubber Stack.

TEST DATA:
Test run number 1
Test location
Test date 05-19-92
Test time period 0854-1024
SAMPLING DATA:
Sampling duration, min. 60.0
Nozzle diameter, in. 0.175
Cross sectional nozzle area, sq.ft. 0.000167
Barometric pressure, in. Hg 30.35
Avg, orifice press. diff., in H,O 1.09
Avg. dry gas meter temp., deg F 73
Avg. abs. dry gas meter temp., deg. R 533
Total iquid collected by train, ml 238.0
Sid. vol. of H,0 vapor coll., cu.ft. 11.204
Dry gas meter calibration factor 0.9915
Sample vol. at meter cond., def 35428
Sample vol. at std. cond., dscf (1) 35375
Percent of isokinetic sampling 95.8
GAS STREAM COMPOSITION DATA:
C0;, % by volume, dry basis 209
0O,, % by volume, dry basis 4.8
Nj, % by volume, dry basis 74.2
Molecular wt. of dry gas, 1b/lb mole 3154
H,0 vapor in gas stream, prop. by vol. 0.241
Mole fraction of dry gas 0.759
Molecular wt. of wet gas, Ib/lb mole 28.29
GAS STREAM VELOCITY AND VOLUMETRIC FLOW DATA:
Static pressure, in. H,O -0.90
Static pressure, in. Hg -0.066
Absolute pressure, in. Hg 30.28
Avg. temperature, deg. F 148
Avg. absolute temperature, deg.R 608
Pitot tabe coefficient 0.84
Total number of traverse points 24
Avg. gas stream velocity, fL./sec. 920
Stack/duct cross sectional area, sg.ft. 6.25
Avg. gas stream volumetric flow, wacf/min. 34500
Avg. gas stream volumetric flow, dsc{/min. 23000
PARTICULATE LABORATORY REPORT:
Frt half acetone catch, g 0.0293
Filter catch, g 0.0818
_c.)'mﬂ filterable catch weight, g 0.1111
PARTICULATE EMISSIONS:
Concentration, gr/dscf 0.0485
Particulate mass rate, Ib/hr 9.57

14-Ful-92

(1) Standard conditions = 68 deg. F. (20 deg. C.) and 29.92 in Hg (760 mm Hg)

3-2

2
SCRUBBER STACK
05-19-92
1154-1329

60.0
0.175
0.000167
30.38
1.18
79
539
2440
11.486
0.9915
37.647
3N.232
100.1

20.7

743
3151
0.236
0.764
28.32

0.9
-0.067
3031
148

0.84

920
6.25
34500
23200

0.0218
0.0808
0.1026

0.0425
8.46

3

05-19-92
1455-1624

60.0
0.175
0.000167
30.41
1.19
91

551
247.0
11.627
0.9915
38.038
36.805
9.9

18.9

753
31.28

0.760
28.07

0.97
0.071
30.34
148

0.84

91.7
6.25

0.0335
0.1346
0.1681

0.0705
13.89

bi\wsfry.wk3
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TEST DATA:
Test Run No.
Test Date
Test Time Period

NO, EMISSIONS:

Concentration, ppmv (dry)

' Mass Rate, Ib/hr

SO, EMISSIONS:

Conceatration, ppmv (dry)

Mass Rate, Ib/hr

CO EMISSIONS:

Concentration, ppmv (dry)

Mass Rate, Ib/hr

WSF012C.TAB

TABLE 3-1
(continued)

1
5/19/92
0845-1024

815

726.7
166.5

853
8.6

3-3

2
5/19/92
1154-1329

479.8
79.7

891.1
206.0

180.5
183

3
5/19/92
1455-1624

598.0
98.7

7683
176.1

509
5.1



SECTION 4
PROCESS DESCRIPTION

The W.S. Frey Company, Inc. owns and operates a limestone quarry in Clear Brook,
Frederick County, Virginia. In recent years, approximately 800,000 tons per year of
limestone, i.e., calcium carbonate, have been quarried at the facility. While most of the
total quantity of limestone quarried is processed into aggregate stone and other limestone
products, such as agricultural lime, an average quantity in 1990 and 1991 of 54,000 tons per
year of lime, i.e., calcium oxide, was produced by processing limestone through a coal-fired
horizontal rotary kiln. The kiln is a refractory-lined steel cylinder approximately 165 feet
long. Limestone travels through the kiln countercurrent to the flow of hot gases produced
from coal combustion, and the heat results in decomposition of the limestone to lime and
carbon dioxide. The kiln is equipped with a venturi scrubber to reduce particulate matter
and sulfur dioxide emissions prior to discharge to the atmosphere through a 30-foot stack.
Figure 4-1 presents the process and control equipment flow diagram.

Due to an increase in market demand for lime and the age of its existing kiln, FREY
proposes to replace the existing Allis Chalmers rotary kiln with a newer, higher capacity F.L.
Smidth rotary kiln. The existing kiln has an average rated capacity of approximately 216
tons of lime per day. The proposed kiln will have a maximum rated capacity of 500 tons
of lime per day.

In order to determine the specific air quality permitting requirements associated with the
facility modification, FREY conducted a stack test of the existing kiln to characterize
baseline emissions of SO,, NO, and CO. The air pollutants and other exhaust gas
parameters were measured using EPA Test Methods given in Appendix A, 40CFR60. The
SO,, NO,, and CO tests were conducted in the venturi scrubber stack using instrumental

analyzers. Details of the test methods are discussed in the following sections.

WSF012C.RPT 4.1
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SECTION 5
DESCRIPTION OF TEST LOCATION

volumetric flowrate of the discharge gases. Figure 5-1 illustrates test port placement and
traverse point locations, ‘

WSFO12C RPT 5-1



W.S. FREY COMPANY
CLEARBROOK, VIRGINIA

TRAVERSE  [DISTANCE FROM
POINT INSIDE NEAR
NUMBER WALL (INCHES)

1

@ O s 0w p

2172
71R
12172
1712
221/2
2712

ID FAN

FIGURE 5-1
LIME KILN VENTURI SCRUBBER
PORT LOCATIONS AND TRAVERSE POINT DISTANCES

5-2
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SECTION 6
DESCRIPTION OF SAMPLING TRAINS AND
GENERAL SAMPLING TEST PROCEDURES

A heated ( ~250°F) stainless stee] Probe was used to collect a sample at the centroid of the
stack. At the back end of the probe, a Pneumatic valve that Permits the introduction of
calibration gas was used. The sample was drawn through a heated Teflon® sample line to

collection. The data logger averages one second values to form one-minute averages.
These one-minute averages are used to compute an average one-hour concentration. These
data were all stored in the computer,

WSF012C.RPT 6-1



TABLE 6-1

TEST PARAMETERS AND
ASSOCIATED SAMPLING PROCEDURES

LIME KILN VENTURI SCRUBBER

i Gas Velocity and Volumetric Flow Rate
Gas Composition (CO, and O, Concentrations) : EPA 3
Moisture Content EPA 4
| Particulate - EPA S
| Carbon Monoxide EPA 10
| sulfur Dioxide EPA 6C
B EPA 7E

Oxides of Nitrogen

1 EPA = U.S. Environmental Protection Agency 40CFR60, Appendix A - Reference
Methods. ‘

6—2
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Each analyzer was set up and calibrated internally by introduction of calibration gas
standards directly to the analyzer from a calibration manifold. The calibration gas was
supplied in excess; the excess gas was released to the atmosphere to maintain calibration
at ambient pressure. After internal calibration, a system bias check was conducted for each
analyzer. The zero gas and one upscale calibration gas was sequentially introduced into the
sample system at the valve at the end of the probe. Calibration gas injection rate was
monitored to maintain the sample system pressure at the same level observed during actual
stack sampling. The internal and bias check instrument responses agreed to within 3% full
scale. All calibration gases were NBS standards with a guaranteed accuracy of + 2% or
EPA Protocol One gases.

6.1.1 Carbon Monoxide

Carbon monoxide (CO) concentrations were determined using EPA Method 10 procedures.
The carbon monoxide analyzer was a Thermo-Environmental Model 48, gas phase
correlation filter nondispersive infrared analyzer which is not affected by carbon dioxide in

the sample gas. Therefore, no CO, scrubber was necessary.

6.1.2 Sulfur Dioxide

Sulfur dioxide (SO,) concentrations were determined using EPA Method 6C procedures.
A Western Research Model 721AT analyzer was used to measure the SO, concentrations.

The analyzer measures the SO, concentration continuously using a non-dispersive ultraviolet

light detection procedure.

WSFO12C.RPT 6-4



6.1.3 Oxides of Nitrogen

Oxides of nitrogen (NO,) concentrations were determined using EPA Method 7E
procedures. A Thermo-Environmental Model 10A chemiluminescent reaction analyzer was
used to continuously measure NO, concentrations. The analyzer’s built in response time is

approximately 1.5 seconds.

6.1.4 Particulate

Preliminary test data were obtained on the sampling locations for nozzle sizing and sampling
rate determinations for isokinetic sampling procedures. Stack geometric measurements were
recorded, and traverse point distances calculated. A preliminary velocity traverse was
performed utilizing a calibrated "S" type pitot tube and a Dwyer inclined manometer to
determine velocity profiles. Flue gas temperatures were observed with a calibrated direct
readout pyrometer equipped with a chromel-alumel thermocouple. Water vapor was

determined from wet bulb/dry bulb measurements utilizing a psychrometric chart.

A check for the presence or absence of cyclonic flow was conducted at the test location
prior to formal testing. All cyclonic flow checks proved to be negative (e <20°) thus
verifying the suitability of the test site for obtaining representative samples.

Calibration of probe nozzles, pitot tubes, metering systems, probe heaters and temperature
gauges was performed as specified in the Environmental Protection Agency Test Method
procedures (see Appendix D).

6.1.4.1 Description Of Particulate Sampling Train

The sampling train utilized to perform the particulate sampling was EPA Reference Method
5 train (see Figure 6-2).

WSFOI12C.RPT 6-5
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WEST

A calibrated stainless steel nozzle was attached to a heated (~250°F) borosilicate probe of
appropriate length. The probe was connected to a heated (~250°F) borosilicate filter
holder containing a 9-cm 2,500-QAT-UP quartz fiber filter (preweighed to a constant 0.1
mg weight). The first and second impingers each contained 100 ml of distilled water, the
third impinger was dry, and the fourth impinger contained 300 grams of dry preweighed
silica gel. The second impinger was a standard Greenburg-Smith type; the first, third, and
fourth were of a modified design. All impingers were maintained in a crushed ice bath. A
Nutech control console with a leakless vacoum pump, a calibrated dry gas meter, a
calibrated orifice, and inclined manometers was connected to the final impinger via an

umbilical cord to complete the train.

Flue gas velocity was measured with a calibrated "S" type pitot tube (provided with
extensions) fastened alongside the sampling probe. Flue gas temperature was monitored
with a calibrated direct readout pyrometer equipped with a chromel-alumel thermocouple
positioned near the sampling nozzle. Filter box and impinger exit gas temperatures were
monitored with a calibrated direct readout pyrometer equipped with chromel-alumel
thermocouples positioned in the heated filter chamber and in the sample gas stream after
the last impinger. Stack gas stream composition (carbon dioxide and oxygen content) was
determined utilizing an Orsat apparatus to analyze multi-point integrated samples of the flue
gas obtained for each test period.

6.1.42 Particulate Sample Recovery

At the conclusion of each test, the sampling train was dismantled, openings sealed, and the
components transported to the field laboratory. Sample integrity was assured by maintaining

chain-of-custody records.

A consistent procedure was employed for sample recovery as follows:

WSF012C.RPT 6-7
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The quartz fiber filter Was removed from its holder with tweezers and placed
in its original container (petri dish), along with any loose particulate and filter
fragments (Sample 1).

The probe and nozzle were separated and the particulate rinsed with acetone
into a borosilicate container fitted with a Teflon-lined closure while brushing
a minimum of three times, Particulate adhering to the brush was rinsed with
acetone into the same container. The front-half of the filter holder and
connecting glassware were also rinsed with acetone while brushing a minimym
of three times. The rinses were combined (Sample 2).

The total liquid contents of impingers one, two and three were measured
volumetrically to the nearest milliliter (ml) and the liquid discarded.

to the nearest 0.1 gram (g).

Samples of acetone and a quartz fiber filter were retained for blank analysis,



Wouomns DENGNENCONBATANTS

6.1.4.3 Particulate Analysis
The particulate analysis proceeded as follows:

° The filters (Sample 1) and any loose fragments were desiccated for 24 hours

. WSF012C.RPT 6-9
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RAW TEST DATA
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WS. FREY COMPANY

Clear Brook, VA
Lime Kiin Stack
Run One

DATE

19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
15 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
15 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
i9 May 1992
19 May 1992

s02
{ppmv)

520.83
541.55
576.45
587.32
633.35
682.45
696.76
684.81
633.45
543.91

14.43
3.89
8.26

62234
768.18
885.74
1232.13
1076.02
912.66
830.43
848.42
946.59
594.85
83.67
11.96

396.39
668.58
682.17
915.90
144358
1092.98
766.04

538.33
524.35
510.47
681.93

768.44
610.14
528.02
501.45
507.91

523.57

517.35

619.85

694.28

958.19
1048.05
1147.11
1313.98
117831
1053.86
1031.13
1048.89
1054.46
1097.00
10%0.70
1110.32
1281.52
1272.00

7237

726.7

(ppmv)



W.S. FREY COMPANY

Clear Brook, VA
Lime Kiln Stack
Run Two

DATE

19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1952
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992

12:49
12:50
12:51
12:52
12:53

12:55
12:56
12:57
12:58
12:59
13:00
13:01

AVG

Bias Corrected

723.12
676.21
879.3

891.1

NOx

(ppemv)
669.76

503.49
633.68

19547
182.07
178.58
170.96
180.67
317.76
31194
138.67
12370
126.27
141.29
163.84

438.08
544.23
662.74

692.79
604.53
676.84
700.26

653.52
635.41
64275

618.29
592.54
571.17
560.98
365.18
426.78
493.15
28124
220.28
259.92
474.15
321.04
580.23
275.86

587.57
545.29
53264
631.93
536.74
37235
524.10
602.83
667.57
701.61
694.93

668.61
648.70
62178

643.27
42354

4834

479.8

A-2
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W.S. FREY COMPANY

Clear Brook, VA
Lime Kiln Stack
Run Three

DATE

19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1952
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992
19 May 1992

15:49

15:51
15:52
15:53
15:54
15:55
15:56
15:57
15:58
15:59
16:00
16:01
16:02
16:03
16:04
16:05
16:06
16:07
16:08
16:09
16:10
16:11
16:12
16:13
16:14
16:15
16:16
16:17

AVG

Bias Corrected

502
(pprrrv)

1487.21
762.70
423.90
336.15

179.85
166.75
279.42
47311
535.83
£89.01
1206.85

1235.75
1293.37
1231.36
1436.55
1381.13
959.57
58244
484.17
484.75
467.21
461.88
453.44
443.41

455.65
638.52
1342.54

566.79
824.36
852.32
61354
621.30
928.15
1005.67
794.77
1238.37
1656.60

704.49
611.42
584.88
536.08
593.64
694.10
683.01
692.89

706.82
652.08
679.14
705.55

763.29
74291
780.00
889.84
762.86
767.15
781.07

7530

7683

(ppav)

626.76
599.22
55213
52834
445.69

561.33

517.10
593.64
602.83
349.64

685.05
678.46
669.27
65845

642.06
635.83
653.33
648.14
626.61
626.65
596.65

623.68
617.35
618.33
637.49
57673
621.60
64214
634.52
66693

587.2

598.0
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02-hun-92

W.SFREY-CLEARBROOK, VA

Test Data
Run number 1
Location
Date 05-19-92
Time period 0854-1024
Operator MILLS

Inputs For Calcs.
Sq. 1. delta P 1.520619
Delta H 1.087917
Stack temp. (deg.F) 14175
Meter temp. (deg.F) 73.02
Sample volume (act.) 35428
Barometric press. (in.Hg) 3035
Volume H20 imp. (ml) 224.0
Weight chnge sil. gel (g) 14.0
% CO2 209
% 02 4.8
% CO
%N 742
Area of stack (sq.ft.) 6.250
Sample time (min.) 60
Static pressure (in.H;0) -0.90
Nozzle dia. (in.) 0.175
Meter box cal. 0.9915
Cp of pitot tube 0.84

Particulate Laboratory Report Data
Frt half acetone rinse, g 0.0293
Filter, g 0.0818
Total filterable catch weight, g 0.1111

A4

2
SCRUBBER STACK
05-19-92
1154-1329
WILLIAMS

1.52291
1.18458
147.79
78.81
37.647
30.38
228.0
16.0
20.7
5.0

743
6.250
60
-0.91
0.175
0.9915
0.84

0.0218

0.1026

3

05-19-92
1455-1624

0.0335
0.1346
0.1631

biwatry wk3
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02-Jun-92

W.S.FREY-CLEARBROOK, VA

SUMMARY OF PARTICULATE TEST DATA AND TEST RESULTS

TABLE 1
TEST DATA:
Test run number 1
Test location
Test date 05-19-92
Test time period 0854-1024
SAMPLING DATA:
Sampling duration, min. 60.0
Nozzle diameter, in. 0175
Cross sectional nozzle area, sq.fi. 0.000167
Barometric pressure, in. Hg 3035
Avg. orifice press. diff., in H,O 1.09
Avg. dry gas meter temp., deg F 73
Avg. abs. dry gas meter temp., deg. R 533
Total liquid collected by train, ml 2380
Std. vol. of H20 vapor coll., cu.ft. 11.204
Dry gas meter calibration factor 0.9915
Sample vol. at meter cond., def 35.428
Sample vol. at std. cond., dscf (1) 35375
Percent of isokinetic sampling 95.8
GAS STREAM COMPOSITION DATA:
CO2, % by volume, dry basis 20.9
02, % by volume, dry basis 48
CO, % by voilume, dry basis 0.0
N2, % by volume, dry basis 74.2
Molecular wt. of dry gas, 1b/lb mole 31.54
H20 vapor in gas stream, prop. by vol. 0.241
Mole fraction of dry gas 0.759
Molecular wi. of wet gas, 1b/lb mole 28.29
GAS STREAM VELOCITY AND VOLUMETRIC FLOW DATA:
Static pressure, in. H,0 -0.90
Static pressure, in. Hg -0.066
Absolute pressure, in. Hg 30.28
Avg. temperature, deg. F 148
Avg. absolute temperature, deg.R 608
Pitot tabe coefficient 0.84
Total number of traverse points 24
Avg. gas stream velocity, ft./sec. 920
Stack/duct cross sectional area, sq.ft. 6.25
Avg. gas stream volumetric flow, wacf/min. 34500
Avg. gas stream volumetric flow, dscf/min. 23000
PARTICULATE LABORATORY REPORT:
Frt half acetone catch, g 0.0293
Filter catch, g _ 0.0818
Total filterable catch weight, g 0.1111
PARTICULATE EMISSIONS:
Concentration, gr/dscf 0.0485
Particulate mass rate, lb/hr 9.57

(1) Standard conditions = 68 deg. F. (20 deg. C.) and 29.92 in Hg (760 mm Hg)

2
SCRUBBER STACK
05-19-92
1154-1329

60.0
0.175
0.000167
3038
1.18
79

539
2440
11.486
0.9915
37.647
37.232
100.1

20.7
5.0
0.0

743

3151
0.236
0.764
28.32

0.0218
0.0808
0.1026

0.0425

3

05-19-92
1455-1624

60.0
0.175
0.000167
30.41
1.19
9

551
247.0
11.627
0.9915
38.038
36.805
99.9

91.7
6.25
34400

0.0335
0.1346
0.1681

0.0705
13.89

biwsfry.wk3
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Company:

Plant: _((Lledy Bipols /)= wren

-
.

Location: <p % S
Date: v - Run No.:
%

Operators:

/A

GAS VELOCITY AND VOLUME pATA FORM
Wi S, Frey

. / 7/
Stack Diameter, in.. 22 7x¢ 30 7/

" Cross Sectional Area (AS), ff
Pitot Tube IDNo.: /2%

Pitot Tube Leak Check: _ oes”

Cp: iﬁ ¢ .

AN Notes:
Barometric Pressure, in. Hg: —_—
24-Hour Traverse Point Velocity Head Stack PStaﬁc Cyclonic Flow Determination
Clock Time Number (Ap), in. HO Temperature ressure ato® Angle 3 which
MLF | Fue)inHO Fﬁcgerenoe yiewds s o 2
/ 2 < /53 (O~ <=
7 2 2.5 /5 —_—
__}w k ? 7 . é/ — /.! ()
) Y z e
>N — /%
A 22— L5 o
g/ <, 5 /S ¥ el ——
_2 v/ 257
3 5 —/ : O i —
T A
< /e
4 /- ¥ 1 5Y .0 S
</ PN /5Y 02 <<
2 2,7 1SY
? 2 :_7 E —
" 22 | /s =77 T1T>» —
5 2: 7 2 3%
5H 2 / /S¥ [ —_
/L 23D 725 @) M
Z 225 (SY
> Jﬁfb ) <y
7 30 ,/ d/ —/1 & o -
5 Az LSY
‘L g 13 / W A A
A9.{ap | AwT, AVD. Proge Avg.oct
"Avg. o must be < 20°to be acceptable A-7
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PARTICULATE -
SAMPLE RECOVERY AND INTEGRITY DATA FORM

P W, S, 72!/ Sample Date 6’/ 7/4' 2—
Sample Location Ma— SAA  Run Number Sree
Sample Recovery Person 2y //S Recovery Date T// 7/72
Filter Number(s) e 7 5/ 77
210 MOISTURE

_20Y
Final volume (wt) mi ml Fnalw 3/ ¢
Initial volume (wr) 200 mi ml Initial wt S g g
Net volume (wt) 72 4 ml ml  Net wt _ / £ i

Total moistwe __ 32y £~ /4
Colorof siticagel /2o /3L /2 ommndort
Description of impinger water Cloa A 5L

RECOVERED SAMPLE
Blank Filter container number _&‘/ = [Blanst ~ /7. AAo5 - Sealed —
Filter container number 5 K'—‘/ /€ / "‘/A‘r?’ — Bl ZEI7?Y Sealed o
Filter container number Sealed
Filter container number Sealed
Filter container number Sealed

Description of particulaie on ilter _y/ovy Fre Lyt Grey
Front-half acetone rinse container number Py -2/ '7%;'7' ~ A Liquid level marked? _o—

Back-half water rinse container number V. /7. Liquid level marked?
Back-half acetone rinse container number 7R Liquid level marked?
Water blank container number 4 Liquid level marked?

Acetone blank container number _ﬁ'-éu W ~ Lo Liquid level marked? —
Samples stored and locked
Remarks:

Date of laboratory custody 5/-/?0/4%

Laboratory personnel taking custody

Remarks:

A-10
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PARTICULATE
SAMPLE RECOVERY &ND INTEGRITY DATA FORM

Plam_W, S, /{/—2«'/ Sample Date 5/7%'1

) / T
Sample Location éﬂ& ;M Run Number wa 22>
‘Sample Recovery Person _th, /S Recovery Date 5/ 7/ Z’/? >

Filter Number(s) . 2/ </

R0 MOISTURE

275 :
Impingers . “;7_’_ S ilica Gel
Final volume (wt) . 7 ? ml ml Finalwt __ 3/ L g g
Initial volume (wr) 200 m _ml hitalwt__ 30 g
Net volume (wt) __ 225 ml  Net wt /6 ¢ 3

Total moisture _F225 # /&
Colorofsilimgeljl £5le //L O pp e

Description of i unpmger water ___ (¢ é#\— Cobente 39

RECOVERED SAMPLE

Blank Filter container number /)’6‘1 ’ﬂM E L7en m Sealed —

Acetone blank container number _é&/ _ W W 'Liquid level marked?

Sampks stored and locked

Filter container number W - /‘7233» #‘2/ ? Sealed PRl
Filter container number ' , Sealed

~ Filter container number Sealed

" Filter container number Sealed

Description of particulate on filter_ {/gvy /e Z«;,«r & oy T80/ '
Front-half acetone rinse container numéer f’ey "’f 2 "/?4»7" "F///?’ Liquid level marked? —
Back-half water rinse container number & ‘ Liquid level marked?
Back-half acetone rinse container number A//#' Liquid level marked?
Water blank container number /l//? : Liquid level marked?

—~‘{.

Remarks;

Date of laboratory custody —S:/} O/? ~

Laboratory personnel taking custody

". Remarks:

A-13
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 PARTICULATE
SAMPLE RECOVERY AND INTEGRITY DATA FORM

[4

ram_W.S. ey Sample Date S /f%"\——
Sample Location _SCi 3%, AL RunNumber Torel
Sample Recovery Person __A47/) /25 Recovery Date __S /Y 7/ G
Filter Number(s) __ 2 S / 4
MOISTURE
o
Impingers a2y Silica Gel
Final volume (wt) 3¢ ml ml Finalwt _ 2/ o g
Initial volume (wt) o0 mi ml Ihitalwt_320 g
Net volume (wt) A3Y mi ml  Net wt (3¢ g
Total moisture _ @3 Yk / 3
Colorof silicagel __ A lpe V2 0, g lee
Description of impinger water Clt Colnless
RECOVERED SAMPLE
Blank Filter container number /€4, — /Ao — P2 FE 252 Sealed A
Filter container number __Frece ' /23 — Dg7 — S2ca At 367 Sealed —
Filter container number 4 ! Sealed
Filter container number Sealed
Filter container number _— - Sealed
Description of paniculate on filter__#2v2 /7n2 72:\/-4/_91-7’5-»9 —wilf G plack il ol
Front-half acetone rinse container number &&;{ X3 -1~ FrA Liquid level marked? L
Back-half water rinse container number /(,//9- 4 Liquid level marked?
Back-half acetone rinse container number ok Liquid level marked?
Water blank container number r Liquid level marked?
Acetone blank container number /72y —Sbanle. — e 7o tr— Liquid level marked? ___«—m

Samples stored and locked

Remarks:

Date of laboratory custody b///w’{/? 7~

Laboratory personnel taking custody

Remarké:

A-16
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GAS ANALYSIS DATA FORM

Plant;_[4/ //7% = " Sample Location;_ 2= /350
Date:__S /3 /7 Operator,___i1,' //'S
Sample Type: SINGLE POINT GRAB or {{TEGRATED >
Analytical Method:_ /£ 3o Orsat Leak Check;
["Run Number Sample Location/Train 1D % CO2 %02 %N2
1, _ Reading 1 Reading 2 Net(i) | 100-Readng2 |
| onk Lo | 3bo | 60
ok, dlo |285.7 |47
oW vZR3 - 25,6 A
0 & ’
Qe (4z7)
O o5 1255 | S0
1% 20.% 1357 | 47
ﬂVD 20(25 950 g- 51 /
o (Goo D
e
Three (88 D78 | 5.8
Thep (08 276 | s ¥
| Thiee ﬁo 39% 7159 |
Y5567 15572
| o> T
!
|
AVERAGES

%N2 = 100 - (%CO2 + % 02 + %CO) Integrated Bag Limits

MWd = 0.440(%C02) + 0.320(%02) + 0.280(%N2 + %CO) CO2 > 4% - 0.3% by vol
<=4% - 0.2% by vol

02 >= 15% - 0.2% by vol

(1) Net %02 = Reading 1 - Reading 2 < 15% - 0.3% by voi

A-17
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+ e
7/ By

- ROY F. WESTON, INC.
WESTEN] wesTox, v

el Lionville Laboratory

CLIENT: W.S. FREY S8AMPLE (8) RECEIVED: 05-20-92
RFW #: 9205L356 :

W.0. #: 6845-01-02

ANORGANIC NARRATIVE

The following is a summary of the quality control results and a

description of any problems encountered during the analysis of
this batch of samples:

1. The analytical methods applied by the laboratory in the
analysis of air samples contained in this batch were
derived from the Federal Register, 40 CRF, Part 60,
Revised July 1, 1988,
Determinat; L 1OX Yrgan ompounds L ANDIEeNt A ’
EPA - 600/4-84-041, May 1987 and NIOSH Manual of
Analytical Methods, 2nd & 3rd Editions.

w O6 FE. Do
Jack R. Tuschall, Ph.D. Date
Laboratory Manager

Lionville Analytical Laboratory

kls/i05-356 B-1



ROY F. WESTON, INC.
GLOBSARY OF TERMS - INORGANIC REPORTS

DATA OUALIFIERS

U - Indicates that the parameter was not detected at or
above the reported limit. The associated numerical
value is the sample detection limit.

* - Indicates that the original sample result is
greater than 4x the spike amount added. The USEPA-
CLP has determined that spike results on samples
where this occurs may be unreliable and therefore,
the control limits are not applicable.

ABBREVIATIONS

Method or preparation blank.

MB -

MS - Matrix Spike.

MSD - Matrix Spike Duplicate.

REP - Sample Replicate.

LC - Indicates a method LCS or Blank Spike.

NC - Not calculable, result below the detection limit.

A suffix of -R or -S following these codes indicates a
replicate or spike analysis respectively.

L A ETAL ODS
As : EPA 206.2 SE : EPA 270.2
Pb : EPA 239.2 ICP Scan H EPA 200.7
Hg : EPA 245.1 All oOthers : EPA 200.7
Tl : EPA 279.2 EP Leachates (except Hg) 200.7

The analytical methods applied by the laboratory for the
determination of drinking water are found in 5.2.1.

NOTES

The laboratory prepares a matrix spike at one- per 20
frequency for TCLP samples. The Federal Register
recommends that all matrix spikes be prepared at greater
than 50% of the indigenous analyte concentration.

Holding times for soil samples have not been promulgated
by the USEPA. :

For solid samples, all results are reported on a dry
weight basis.

The range for mercury solid laboratory control standards
is 66.9% to 133.8%.

B-2
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CLIENT: W.S. FREY
 WORK ORDER: 6845-01-02-0000

SAMPLE
snannus
. =001
-002
-003
i-004
=005
| =006
=007
{-008

SITE ID

ROY F. WESTON INC.

ANALYTE

INORGANIC DATA SUMMARY REPORT

FREY-R1-PART-FHA
FREY-R1-PRT-FLT 274
FREY-R2-PART-FHA
FREY-R2-PRT-FLT 214
FREY-R3-PART-FHA
FREY-R3-PRT-FLT 251

FREY-BLANK-FLT 252

Particulate

Particulate

Particulate

Particulate

Particulate

Particulate

Particulate

Particulate

B-3

06/03/92

WESTON BATCH #:

RESULT
sunanznnn
29.5
82.1
22.0
8l.1
33.8
135
0.20

0.30

9205L356

REPORTING

UNITS LIMIT

MG

MG

0.10

0.10

0.10

-~

0.10

0.10

0.10

0.10

0.10



[N

Roy F. Weston, Inc. - Lionville Laboratory

INORGANIC ANALYTICAL DATA PACKAGE FOR

W.S. FREY
DATE RECEIVED: 05/20/92 RFW LOT # :9205L356
CLIENT ID /ANALYSIS RFW § MTX PREP # COLLECTION EXTR/PREP ANALYSIS
FREY-R1-PART-FHA
PARTICULATE-RESIDUE 001 AI 92LPTO19 05/19/92 05/20/92 06/01/92
FREY-R1-PRT-FLT 274
PARTICULATE-FILTER 002 AI 92LPTO19 05/19/92 05/20/92 06/01/92
FREY-R2-PART-FHA
PARTICULATE-RESIDUE 003 AI 92LPTO19 05/19/92 05/20/92 06/01/92
FREY-R2-PRT-FLT 214
PARTICULATE-FILTER 004 AI 92LPTO19 05/19/92 05/20/92 05/01(92
FREY-R3-PART-FHA
PARTICULATE-RESIDUE  00S AI 92LPTO19 05/19/92 05/20/92 06/01/92
FREY-R3-PRT-FLT 251 T
PARTICULATE-FILTER 006 AI 92LPTO19 05/19/92 05/20/92 06/01/92
FREY-BLANK~-ACETONE
PARTICULATE-RESIDUE 007 AI 92LPTO19 05/18/92 05/20/92 06/01/92
FREY-BLANK-FLT 252
PARTICULATE-FILTER 008 AI 92LPTO19 05/18/92 05/20/92 06/01/92

B-4
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SAMPLE CALCULATIONS FOR
PARTICULATE TEST (EPA METHOD 5)

Client: W.S. FREY Plant: CLEARBROOK. VA
Test Number; Run 1 Test Date: 05-19-92
Test Location: SCRUBBER STACK Test Period: 0854-1024

1. Volume of dry gas sampled at standard conditions (68 deg F, 29.92 in. Hg), dscf.

Vm(std)

Vm(std)

Vm(std)

Vm

delt H

Tm

17.64

13.6

08-Jul-92

delt H
1764 x Y x Vm x ( Pb + --=emee- )
13.6
(Tm + 460)
1.088
17.64 x 0.9915 x 35.428 x ( 30.35 + ---ceee-- )
13.6
=35.375
73.02 + 460

Volume of gas sample measured by the dry gas meter,
corrected to standard conditions, dscf.

Volume of gas sample measured by the dry gas meter
at meter conditions, dcf.

Barometric Pressure, in Hg.

Average pressure drop across the orifice meter, in H0.
Average dry gas meter temperature , degF.

Dry gas meter calibration factor.

Factor that includes ratio of standard temperature
(528 deg R) to standard pressure (29.92 in. Hg), deg R/in. Hg.

Specific gravity of mercury.

o\shared\airteam\smpcalc\new\part.wk3



2. Volume of water vapor in the gas sample corrected to standard conditions, scf.

Vw(std) -~ = (0.04707 x Vwc) + (0.04715 x Wwsg)

Vw(std) = (0.04707x224.0)+(0.04715x 14.0)=11.204

Where:

Vw(std) = Volume of water vapor in the gas sample corrected to
standard conditions, scf.

Vwe = Volume of liquid condensed in impingers, ml.

Wwsg = Weight of water vapor collected in silica gel, g.

0.04707 = Factor which includes the density of water

(0.002201 1b/ml), the molecular weight of water

(18.0 Ib/Ib-mole), the ideal gas constant

21.85 (in. Hg) (ftA3)/1b-mole)(deg R); absolute
temperature at standard conditions (528 deg R), absolute
pressure at standard conditions (29.92 in. Hg), ftA3/ml.

0.04715 = Factor which includes the molecular weight of water
(18.0 Itylb-mole), the ideal gas constant
21.85 (in. Hg) (ftr3)/1b-mole)(deg R); absolute
temperature at standard conditions (528 deg R), absolute
pressure at standard conditions (29.92 in. Hg), and
453.6 g/b, ftr3/g.
3. Moisture content
Vwi(std)
Bws =
Vw(std) + Vm(std)
11204
Bws = =0.241
11.204 + 35.375
Where:
Bws = Proportion of water vapor, by volume, in the gas
stream, dimensionless.
c-2
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4. Mole fraction of dry gas.

Md

Md

Where:

Md

1-Bws

1-0.241=0.759

Mole fraction of dry gas, dimensionless.

5. Dry molecular weight of gas stream, Ib/Ib-mole.

08-Jul-92

MWwd

Mwd

MWd
% CO,
%0,
%N,
% CO
0440
0320

0.280

(0440x % CO,) +(0.320x % O, ) + (0.280 x (% N, + % CO))
(0.440x 20.90 ) + (0.320x 4.80 ) + (0.280 x ( 74.30 + 0.00 ))
31.54

Dry molecular weight , Ib/Ib-mole.

Pexcent carbon dioxide by volume, dry basis.
Percent oxygen by volume, dry basis.

Percent nitrogen by volume, dry basis.

Percent carbon monoxide by volume, dry basis.
Molecular weight of carbon dioxide, divided by 100.
Molecular weight of oxygen, divided by 100.

Molecular weight of nitrogen or carbon monoxide,
divided by 100.

c-3
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6. Actual molecular weight of gas stream (wet basis), Ib/Ib-mole.

MWs = (MWdxMd)+(18x(1-Md))

MWs = (31.54x0.759)+18(1-0.759))=28.28
Where:

MWs = Molecular weight of wet gas, 1b/lb-mole.
18 = Molecular weight of water, Ib/Ib-mole.

7. Average velocity of gas stream at actual conditions, ft/sec.

Ts (avg)
Vs = 85.49 x Cp x ((delt p)A1/2)avg x ( -=--=-mmeeeemann YA12
Ps x MWs
608
Vs = 8549 x0.84 x 1.520619 X ( -=m-mm-seeveemenean- A1/2 = 91.99
30.28 x 28.28
Where:
Vs =  Average gas stream velocity, ft/sec.
(Ib/1b-mole)(in. Hg*1/2
8549 = Pitot tube constant, ft/sec x
(deg R)(in H20)
Cp =  Pitot tube coefficient, dimensionless.
Ts = Absolute gas stream temperature, deg R = Ts, deg F + 460.
P(static)
Ps = Absolute gas stack pressure, in. Hg. = Pb + ——--coemeee
13.6
deltp = Velocity head of stack, in. H,0.

C-4
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8. Average gas stream volumetric flowrate at actual conditions, wacf/hr.

Qs(act)
Qs(act)
Where:

Qs(act)

As

3,600 x Vs x As

3,600 x 91.99 x 6.25 = 2069731

Volumetric flowrate of wet stack gas at actual
conditions, wacf/hr.

Cross-sectional area of stack, fir2.

9. Average gas stream dry volumetric flowrate at standard conditions, dscf/hr.

Qs(std)

Qs(swd)

Where:

Qs(std)

Ps
17.64 x Md x ----- x Qs(act)
Ts

30.28
17.64 x 0.759 x --------— x 2069731
608

1381677

Volumetric flowrate of dry stack gas at standard
conditions, dscf/hr.

10. Isokinetic variation calculated from intermediate values, percent.

08-Jul-92

Where:

17.327

17.327 x Ts x Vm(std)

Vs x O xPs x Md x (Dn)*2

17.327 x 608 x 35.375

=95.82
91.99 x 60 x 30.28 x 0.759 x (0.175)A2

Wt of isokinetic sampling.
Total sampling time, minutes.
Diameter of nozzle, inches.

Factor which includes standard temperature (528 deg R),
standard pressure (29.92 in. Hg), the formula for
calculating area of circle DA2/4, conversion of square
feet to square inches (144), conversion of seconds

to minutes (60), and conversion to percent (100),

(in. Hg)(inA2)(min)

(deg R)(ft*2)(sec)

c-5 o\shared\airteam\smpcalc\new\part.wk3



11. Particulate Concentration, gr/dscf.

C1

Cc1

Where:
Cl

Mt

15.432

Mt
15.432 X ~emmmmememmene
Vm(std)
0.11110
LT Ky S —
35.375
0.0485

Particulate concentration, 1b/dscf.

Total weight of particulate caught by train

minus the particulate caught by the blank train, gms.

Conversion factor from gms to gr.

12, Particulate mass emission rate, Ibs/hr.

08-Jul-92

PMRt

PMRt

PMRt

0.008571

"

0.008571 x C1 x Qs(std)
0.008571 x 0.04847 x 23028
9.57

Particulate mass emission rate, lbs/hr,

Conversion factor relating grains to pounds (7,000)

and minutes to hours.

o\shared\airteam\smpcalc\new\part.wk3



SAMPLE CALCULATIONS FOR

BIAS CORRECTION AND MASS EMISSION RATE OF

CARBON MONOXIDE
Client: W.S. FREY COMPANY Plant: Cc R BROOK, VA
Test Run No.: RUN 1 Test Date: 05-19-92
Test Location: LIME KILN SCRUBBER STACK Test Period: 08451024

1. Bias corrected value of carbon monoxide.

C(com)

C(com)

C(corr)
Where:
AVG

ZERO

BIAS

SPAN GAS

C(corr)

AVG-ZERO

= x SPAN GAS
BIAS-ZERO
81.70—4.70

= x 504.0
506.00—4.70

= 85.266

= Average CO concentration for the test run
as reported by the analyzer.

= The average of pre and post test zero bias check of
the complete system with “zero" air.

= The average of pre and post test bias check of the
complete system with the calibration span gas.

= The calibration gas closest to the gas stream concentration,
which was used for a BIAS check.

= Bias corrected value of carbon monoxide.

c-7




08-Jul-o2

2. Carbon monoxide mass emission rate, Ibs/hr.

PMR(CO)

PMR(CO)

PMR(CO)
Where:
PMR(CO)
Qs(std)
28,01

385.35x1076

C(corr) x Qs(std) x 28.01 x 60 min/hr

385.35 x 1076

85 x 23000.00 x 28.01 x 60 min/hr

8.55

385.35x 106

Carbon monoxide mass emission rate, lbs/hr.
Avg. volumetric gas stream flow rate at std. conditions, dscf/min.
Molecular weight of CO.

Conversion factor from ppm to Ibs.

c-8
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CEM CALIBRATION DATA SHEET

W
RUNNO. ONE SITE: un&s% ¢ DATE: S[19[9L OPERATOR: L.t
STARTTME:  O3SG INTERNAL SYSTEM BIAS

sToPTME: [O00 CALIBRATION PRE-TEST  POST-TEST

TIME

ANAL. % ANAL. % ANAL. % % AVG

KNOWN RESP. DIFF. RESP. DIFF. RESP. DIFF. DRIFT RESP.
Bi -4\7 : 20op 4 o :




CEM CALIBRATION DATA SHEET

RUNNO. Twp sire: W3 F%EL, 7y DATE: S’// 9(‘}1— OPERATOR: SI
STARTTIME: || 5b INTERNAL SYSTEM B
STOP TIME: CALIBRATION PRE-TEST  POST-TEST
Tive [[0%0
ANAL. % ANAL. % ANAL. % % AVG

KNOWN RESP. DIFF

RESP. DIFF. RESP. DIFF. DRIFT RESP.

-47 -3
€00

00 '4\'{
1y
5oy
3 79

Kl o

0.0

range

range

D-2



CEM CALIBRATION DATA SHEET

RUNNO. Tiret SITE: Lo TREL) stacic DATE: &fiefs OPERATOR: S
START TIME: INTERNAL - SYSTEM BIAS
STOP TIME: CALIBRATION PRE-TEST POST-TEST
TIME - [é20 ]
ANAL. % ANAL. % % AVG

KNOWN RESP. DIFF. RESP DIFF RESP. DIFF. DRIFT RESP.
~To |

491
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STACK TEMPERATURE SENSOR CALIBRATION DATA FORM

sanant

s AR A Ve T

DATE 5/'/2 / /f 2 POTENTIOMETER NUMBER 22/¢ & )
AMBIENT Tmmmlwe 2° BAROMETRIC PRESSURE 227 2Y
', CALIBRATION i REFERENCE: THERMOCOUPLE SIMULATOR
‘ (ACCURACY2 1°F)
REFERENCE TEMPERATURE READING FROM TEMPERATURE
TEMPERATURE THERMOCOUPLE CHANNEL INPUT AVERAGE TEMPERATURE|  DIFFERENCE ©
NUMBER READING
%c ©¢ 1 2 3 4 5 (%)
° o
0 2 |33 |S3 33 |33 |33 53 /=20
w e |l2z |23 |23 \z |22 | 2 /o= Jie
l - 5 - > o )
w o |93/ |93/ |93 \3 \ 50| 930|177 %
1000 1832 /&S /525.’ /325/ /52,(' /52_3’ /gz S 76\ 'BOZ
COMMENTS

© AVERAGE TEMPERATURE READING = MEAN OF THE TEMPERATURE READINGS FO

COUPLE CHANNELS

© THE CHANNEL READINGS MUST AGREE WITHIN S° FOR3 %

ACCEPTABLE TEMPERATURE DIFF ERNCES1.5 =

R THE THERMO-

(REF TEMFOF + 460) - (TEST TeMPSF + 460)
(REF TEMPCF + 4560)

>xm

POTCALAT
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-

NOZZLE CALIBRATION DATA FORM

Date s//{/ﬁl

Nozzle Identification

Nozzle Diameter, Inches'

Calibmadbyzé(/z M

’

IRAY

’

D,

)75

Where:

D,

136
174

' D, 3, = Three different nozzle diameters, inches; each diameter must be measured to nearest 0.001 in.

2 oD = Maximur difference between any two diameters, inches. 4D must be <0.004 in.

3 D,, = Nozde diameter = average of D,, D,, nd D,.

pozzle.frm
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PITOT TUBE IDENTIFICATION NUMBER: P- L‘

TYPE S PITOT TUBE INSPECTION DATA FORM

PITOT TUBE ASSEMBLY LEVEL? / (YES) (NO)

PITOT TUBE OPENINGS DAMAGED? (YES-EXPLAIN BELOW) / (NO)
o= — 2 a107) = — L __° (e10°)

Bi=— D °(e59 B,=—H ° (<59

U o=___| ° Az_q4 L emny
z=AsinY= ___.006 om (in); <0.32 om (<1/8 In.),

w= Av sine= Ol | cm (in.); <0.32 cm (<1/8 in.),

R—1? L om (in:.) R —17 i cminy

Dt __& cm (ln.:)

COMMENTS

CALIBRATION REQUIRED? (YES) ar

- - ‘r
INSPECTOR CL%M/ JO Ban,()e/}‘j DATE _Yy-22-9%2

cairteam\forms\pitot_s.drw



APPENDIX E
PROCESS OPERATIONS DATA

WSF012C.RPT



TABLE E-1

LIME KILN PROCESS DATA!
W.S. FREY COMPANY - CLEAR BROOK, VIRGINIA

5 One Two Three
| Date 5-19-92 5-19-92 5-19-92
| Time 0854-1024 1154-1329 | 1455-1624

Coal Feed Rate, tons/hr 4.3 44 42

| Lime Discharge Rate, tons/hr 9.0 9.4 9.2

| Limestone Feed Rate, tons/hr 18.0 18.9 18.4

| Kiln Feed End Temperature, °F 1315.1 1299.9 1332.3
| Kiln Firing End Temperature, °F

| Kiln Speed, revolutions/hr

' Provided by W.S. Frey Company. These are average values for the stated time
period.

E-1

WSF012C.TAB
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B Scott Specialty Gases, Inc.

¢ P4 A+ PROTOCOL RECERTIFICATION AMALYSIS

Shipped from:

Scott Soecialty Gases
Route 611
Plunsteadviile, PA 13949
Purchase order :

Shipped to:

ROY F WESTON

1280 KINC RD

WEST CHESTER 4 19380
ATTN: LARRY SI

5918 XEYSTONE BLDG
Project No 38505
;-
Certified per E,P.A, Protoco: § i Procedure 3£1 Section & 3.0.4
Certified accuracy +/- ! I WIST Traceable
Cyiinder numoer AAL 9338 {ylinder pressure Date of assay: $/9/92
500 psig,
{ Component Certified concentration Expiration date: 1279793
} CARBON MONOXIDE 803 pom
NITROGEN Raiance
Standard Anaiyzer
l Tupe CRM 1681b Make : HORIBA
Concentration 968 pom Mode: + CFA-3104A
Cylinder # £LMO00330 Seriai numper v 474091
‘ Anatyrical principie : NDIR
Date of caiibration : 5/7/92
(e
?
Raw data units: VOLTS : : Concentration
{ : + of Customer :
: t. Cylinder :
First analysis $/18/90 : H H
11=0,0000  R1:0,00000007120,00000000: 1803  pom :
R2:0,000000022:0,0000  T2:0,00000000: 803 omm :
23:0,0000  73:0,0000000R3=0,00000000: : 803 oom :
Second amaiysis: 5/9/92 H H 2
11=0,0000 R1=0,86850 T1:0.72740 : 1805  oom H
K2:0,87230 12:0,0000 T12:0,73040 : t 804 opm :
73:0,0000 13:0,72980 £3:0,87370 1802 apm :

Pl
/ rAs
il M il it

Agoroved bvﬁQ A

Mark 5, Sirinides/Ted Neeme

F-1

PLUMSTEADVILLE. PENNSYLVANIA /

SOUTH PLAINFIELD, NEW JERSEY / FREMO

TROY. MICHIGAN / HOUSTON, TEXAS / DURHAM, NORTH CAROLINA

NT. CALIFORNIA / WAKEFIELD, MASSACHUSETTS / LONGMONT. COLORADO

BATON ROUGE, LOUISIANA



Scott Specialty Gases, Inc.

%, Py A, PROTOCOL RECERTIFICATION ANALYSIS

Shipped from:

Scott Speciaity Cases
Route 411
Plumsteadviiie, PA 13949
Purchase order :

Shipoed to:

R0Y 7 WESTOM

1280 KING RD

WEST CHESTER PA 19380
ATTN: LARRY SI

. . . 3

3918 KEYSTONE BLDG
Froject No 38505
Certified per E.P.A, Protocol § 1 Procedure #Ei Section # 3,044
Certified accuracy +/- 1 X KIST Traceable
Cylinder number AAL 14003  Cylinder pressure Date of assay: 474792
200 psig,
' Component Certified concentration Expiration date: 12/9/93
i CARBON MOMOXIDE 504 opm
NITROGEN Balance
Standard Anaiyzer
Q Tyse ZRM 1481h Make + HORTBA
' Concentration 948 pom Model 1 CFA-3108
Cylinder # C1ME29330 Seriai number T 474094
Anaiytical principie : NDIR
Date of caiibration : 5/7/92
Raw gata units: VOLTS : + Concentration
3 :+ of Customer :
: t Cyiinder H
First amalysis 9/18/%0 : : H
1120,0000  R1=0,0000000T1=0,00000000: t 505  opm :
R2:0,0000000220,0000  T2:0,00000000: 1505 opm :
l 2320,0000  T3=0,0000000R3:0,00000000¢ 1 505 opm :
Second amalysis: 879792 H : H
1120,0000 R1=0.86510 T1:0,46230 306 am :
R2:0,87080 72:0,0000 12:0.46200 502 oom H
23:0,0000 13=0,46180 =3:0,86770 1303 opm H
D S
Anaiysr%@;@_ﬂ Approvea by_c._.a'u N———

WAy Gesmminegs

PLUMSTEADVILLE. PENNSYLVANIA

SOUTH PLAINFIELD. NEW JERSEY ' FREM

F-2
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/ TROY. MICHIGAN / HOUSTON, TEXAS / DURHAM, NORTH CAROLINA

ONT. CALIFORNIA /| WAKEFIELD. MASSACHUSETT S / LONGMONT, COLORADO

BATON ROUGE, LOUISIANA



B Scott Specialty Gases, Inc.

2+ 7+ Ay PROTOCCL RECERTIFICATION AWALYSIS

Shipped from: Shipped to:

Scott Speciaity Gases ROY F WESTON

Route 411 1280 XING RD
Plumsteadviiie, PA 13949 WEST CHESTER 24 19380
Purchase order : ATTN: LARRY 51

5918 ZEYSTONE BLDG

Project No 38505

Certified per E,P.A, Frotocol & ! Procedure #61 Section & 3.0.4
Certified accuracy +/- 1 I NIST Traceable

Cytinder number AAL 934 Cyiinder pressure Date of assay: §/8/92
700 psig

Component vertified concentration Expiration date: 12/8/93

CARBON MONDXIDE 251 oo

NITROGEN Balance

Standard fAnaiyzer

Type CRM 2436 Make + HORIBA

Concentration 243.4 oom Modei 1 CFA-3104

Lyiinder & ALMO13375 Seriai number v 474091

Analytical principie : NDIR
Date of calibration : 5/6/92

Naw data units: VOLTS H t Concentration

: : of Customer :

: t Cyiinder :
First amaiysis 9/19/%¢ : : :
1120,0000  R1=0,0000000T1=0,00000000: 1252 pom :
K2:0,000000022:0,0000  12:0.00000000; 1232 pom H
23:0,0000  13:=0,0000000R3:0,00000000: 1252 pom :
Second analysis: 5/8/92 : : :
Z1=0,0000 R1:0,41240 T1:0.43320 1252 opm :
R2:0.61400 72:0.0000 12:0,43110 2249 opm :
23:0.0000  73:0,43300 R3:0.41530 250 opm :

i o ——
/ A
smaiyst [ W Approves by\_,ﬁ_fh}

Mark §. Sirinides/Ted Nesme
F-3
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BATON ROUGE, LOUISIANA



Scott Specialty Gases, Inc.

g0 Py A PROTOCOL RECERTIFICATION ANALYSIS

Shipped from: : Shipped to:

3cott Specialty Gases ROY F WESTON

Route 611 1280 KING RD
Plumsteadviile, PA 18949 WEST CHESTER PA 19380
Parchase order : ATTN: LARRY 51

5918 KEYSTONE BLDE

Froject wo 38505

Certified per E.P.A, Protocoi # ! Procedure %G1 Section & 3,0.4
tertified accuracy +/- 1 X NIST Traceabie

Cyiinder number ALMO01953  Cylinder pressure Date of assay: 8/4/92
200 psiq.

Component Certified concentration Expiration date: 1274792

SULFUR DIOXIDE 77 oD%

AIR Balance

Standard Anaiyzer

Tyoe CRM 1442 Make t HORIBA

Concentration 1004 pom Mode: r CMA-321A

Cylinder # ALM007870 Seriai number ? 564-371-02

Analytical principie : NDIR
Date of calibration : 5/13/92

Xaw data units: VOLIS : t Concentration

H + of Customer H

H t Cylinder :
First analysis $/21/99 : : :
11=0.0000  R1=0,0000000T1=0,00000000: t773 oom :
R220,000000022:0,0000  T2=0,00000000: 773 pom :
13:0,0000  13:0,000000083=0,00000000: 773 oom :
Second anmaiysis: 5/4/92 H : H
10,0000  R1=1,0037 T1=0.74740 1778 omm :
R2=1,0005  72:0,0000 T12:0.77110 1784 opm :
23=0,0000  T3:0,77270 R3:1,004% t 782 amm :

ﬁﬂii%(M Apoproved by ’ﬁgdﬁ
a Mark §. Sirinides/Ted Neeme
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PLUMSTEADVILLE, PENNSYLVANIA / TROY, MICHIGAN / HOUSTON, TEXAS / DURHAM, NORTH CAROLINA
SOUTH PLAINFIELD, NEW JERSEY / FREMONT, CALIFORNIA | WAKEFIELD, MASSACRUSETT S / LONGMONT, COLORADO
BATON ROUGE, LOUISIANA



Scott Specialty Gases, Inc.

Es Pv A+ PROTOCOL RECERTIFICATION ANALYSIS

Shipped from:

Scott Soeciaity Gases
Route 611
Plumsteadviile, PA 18949
Purchase order :

Shipped to:

R0Y F WESTOM

1280 KING RD

WEST CHESTER PA 19380
ATIN: LARRY SI

5918 KEYSTONE BLDE
Project No 38505
Certified per E.P.A, Protocoi ¥ { Procedure #G3 Section & 3.0.4
Certified accuracy +/- 1 1 NIST Traceanie
Cylinder number AL21470 Cytinder pressure Date of assay: 6/4/92
1300 psig,
Component Certified concentration Expiration date: 12/4/9z
SULFUR DIOXIDE 391 20
AIR Balance
Standard Anaiyzer
Type CRM 1661 Make + HORIBA
Concentration 434 ppm Modei t CMA-3213
Cylinder # ALMOO5731 Serial number 1 564-371-02
Analyticai orincipie : WDIR
Date of caiibration 1 5/13/92
Raw data units: VOLIS : : Concentration
: t of Customer
: 1 Sylinder
First analysis 10/29/91 H

2120,0000  R1=0,0000000T1=0, 000000002
R2:0,000000022:0,0000  12:0,00000000:
23:0,0000  13:0,0000000R3=0, 00000000

Second amaiysis: 0/4/92

e 50 ep ws e

Z1=0,0000 1:0,41400 T:i:0,35130
R2:0,41580 72:0.0000 12:0,35500 H
23=0,0000 13:0,35660 R3:=0,41700 t

*r we e

393
393
393

388
390
ki4]

opme
20m
2pm

aom
obm
aom

RO O¢ S0 W6 wr 09 wr 0s s se we "0 s se ws

Prasn) <
Rnaiyst( /k«;& g_A_Er:L

7’

PLUMSTEADVILLE. PENNSYLVANIA ; TROY. MICHIGA
SOUTH PLAINFIELD, NEW JERSEY FREMONT. CALIFORNIA

F-5
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Scott Specialty Gases, Inc.

£+ Pv Ay PROTOCOL RECERTIFICATION ANALYSIS

Shipped from: Shipped to:

Scott Speciaity fases ROY F WESTON

Route 411 1280 KING RD
Plumsteadville, PA 18949 WEST CHESTER PA 19380
Purchase order : ATIN: LARRY SI

5918 KEYSTONE BLDG

Progect No 38505

Lertified per E.P.A, Protocoi § 1 Procedure #61 Section # 3.0.,4
Certified accuracy +/- 1 I NIST Traceable
Cylinder number 415352 Cylinder pressure Date of assay: 8/4/92
1500 psig,

Component Certified concentration Expiration date: 1274792

SULFUR DIOXIDE 202 ol

AIR Baiance

Standard Amlyzer

Type CRM 1461 Make t HORIBA

Concentration 454 pom Made} : CMA-321A

Cylinder § ALMD05781 Serial number t 564-371-0z

Analytica) principie : HDIR
Date of caiibration : 5/13/92
Raw data units: VOLTS H i Concentration
H : of Customer :
: t Cylinder H

First amaiysis 10/29/91 : : H
1120,0000  R1=0,000000071=0,00000000: 201 ppm :
R2:0,00000002220, 0000 1220,00000000: 1201 ppm :
2320,0000 1320,0000000R3=0, 000000002 1200 ppm :
Second amalysis: 8/4/92 H H H
2120,0000  R1=0,047500 T1:0,033800 : 1202 ppm 3
R2=0,047500 72:0,0000 12=0.038800 : 202 ppm :
13:0.0000  13=0,038800 R3=0.047500 H 1202 oom H

Anaiyst p Approved by gJ I'\\

: Mark S. Sirinides/Ted Neeme
F-6
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APPENDIX H
WESTON PROJECT PARTICIPANTS



L]

OENIMERGCONRA TANTS

PROJECT PARTICIPANTS

The following WESTON employees participated in this project:

Richard Ruch
Project Director

Uttam Trivedi, P.E.
Project Manager

Kam Lo (Larry) Si
Associate Project Engineer

Jack Mills
Project Scientist

Andre Williams
Technician

Jack Tuschall, Ph.D.
Laboratory Manager

WSF012C.RPT

ECONENVIRONOMICS Division

ECONENVIRONOMICS Division

ECONENVIRONOMICS Division

ECONENVIRONOMICS Division

ECONENVIRONOMICS Division

WESTON Analytics








