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1.0 INTRODUCTION

1.1 Background: An air-emissions diagnostic test program was
conducted at the wet scrubber inlet and outlet of the strandboard
manufacturing plant at Louisiana Pacific Corporation in
Dungannon, Virginia. The test program was performed on February
16, 1995 by ETS, Incorporated (ETS) of Roanoke, Virginia. ETS
personnel participating in the test program were Tony Underwood,
Troy Pryor, Carl Powell, and Matt Bauman. Program coordination
was provided by Susan Somers and Mickey Mullins of Louisiana

Pacific.

1.2 Objective: The objective of the diagnostic test program was
to evaluate the particuléte, calcium, iron, manganese,
phosphorus, potassium, sodium, and sulfur emissions from the wet

scrubber inlet and outlet.

1.3 Test Program: One test of approximately 60 minutes was
conducted at the inlet and outlet to the wet scrubber. Testing
was conducted in accordance with the U.S. Environmental

Protection Agency (EPA) reference test methods published in the

Code of Federal Regulations, Title 40, Part 60 (40 CFR 60),

Appendix A. Appendix A of this report contains a complete test

log detailing the date and time of each test run.




2.0 SUMMARY OF RESULTS
Table 1 gives the results of the diagnostic testing for
emissions of particulate and metals. Detailed data and results

for the scrubber inlet and outlet are found in Appendices B and

C.

3.0 DISCUSSION OF RESULTS

Due to the lack of sufficient access to the samﬁling porté,
all sampling performed at both the inlet and outlet was conducted
at a single point in the duct. A traverse was performed both
before and after sampling at each location in order to provide
data on the stack velocity and temperature. The data from this
traverse was used during particulate and metals testing so that

sampling could be performed isokinetically.

High moisture and particulate concentrations were also
encountered during the testing. Filters at both the inlet and
outlet were changed every 20 to 25 minutes, until the supply of
filters were exhausted. As a result, the test duration was
reduced to approximately 60 minutes from 120 minutes as
originally scheduled. Also, slightly higher concentrations of
calcium, iron, sodium, sulfur, and total particulate were
measured at the scrubber outlet. This may have been caused by
the presence of the compounds in the scrubber water, inherent
inaccuracies in the test methods, or the fact that the inlet and

outlet tests were conducted concurrently and not simultaneously.
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TABLE 1

SUMMARY OF PARTICULATE AND METALS EMISSIONS

LOUISIANA PACIFIC

SCRUBBER OUTLET AND INLET

RUN 1.D. OUT-M5/202-R1
DATE 02/116/95
TIME STARTED 18:00
TIME ENDED 21:10
SAMPLING PARAMETERS

Metered Volume - dcf
Corrected Volume - dscf
Total Test Time - min

% [sokinetics

GAS PARAMETERS

Gas Temperature-°F
Oxygen - %

Carbon Dioxide - %
Moisture - %

GAS FLOWRATE

Velocity - ft/sec _

Actual Volume - acfm

Standard Volume - dscfm

SUSPENDED PARTICULATE EMISSICNS

Conc. - gr/dscf
Mass Rate - Ib/hr

CONDENSIBLE PARTICULATE EMISSIONS

Conc. - gr/dscf
Mass Rate - ib/hr

TOTAL PARTICULATE EMISSIONS

Conc. - gr/dscf
Mass Rate - Ib/hr

METALS EMISSIONS - {Ib/hr)

Calcium
Iron
Manganese
Phasphorus
Potassium
Sodium
Sulfur

37.507
35.807
55
96.3

134
17.5
24
232

86.51
65229
42270

0.169
61.39

0.045
16.23

0.214
77.62

3.06
0.36
0.07
0.13
270
3.28
0.62

IN-M5/202-R1
02/16/95
18:00

21:10

46.671
44,072
606
1071

200
17.7

158.7

90.12
67948
43377

0.200
74.432

0.002
0.892

0.203
75.324

1.82
0.17
0.08
0.13
3.38
2.66
0.54

NOTE: All metal components were blank corrected in accordance with draft EPA Method 29




However, a higher concentration of condensible particulate,
specifically inorganic condensible particulate, was found at the
gscrubber outlet. This supports the conclusion that dissolved
solids within the scrubber water may have contributed to higher

pollutant readings at the scrubber outlet.

4.0. SAMPLING AND ANALYTICAL PROCEDURES

All sampling and analytical procedures followed those
recommended by the EPA iﬁ 40 CFR 60, Appendix A, or other methods
generally accepted by the EPA and the Virginia Department of
Environmental Quality (VDEQ). These procedures were modified to
incorporate EPA Method 5, EPA Method 202, and draft EPA Method 29
into a single sampling train. The following specific methods
were used:

EPA Method 1 for determination of sampling and traverse
points;

+ EPA Method 2 for flue gas velocity and volumetric flow
rate;

+  EPA Method 3 for sampling for flue gas composition and
molecular weight;

+ EPA Method 3A for flue gas composition and molecular
weight;

EPA Method 4 for flue gas moisture content;

- Modified EPA Method 5 for determination of total
particulate emissions;

- Modified EPA approved "Methodology for the
Determination of Metals Emissions in Exhaust Gases from
Hazardous Waste Incineration and Similar Combustion
Processes" (EPA Document 530-SW-91-010) for manganese
and phosphorous emissions; (Draft EPA Method 29);
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+ Modified EPA Method 202 for determination of suspended
and condensible particulate emissions.

Appendices E and F contain all of the field sampling data.
Laboratory data for the analyses are contained in Appendices G

and H.

4.1 Sampling Procedures

4.1.1 Traverse Point Determination - EPA Method 1: A total of

24 traverse points (12 for each of two ports) were utilized at
the wet scrubber inlet and outlet for all gas flow rate
measurements. The scrubber inlet and outlet ducts each had a
diameter of 48 inches. Figure 1 shows the location of the

traverse points for the wet scrubber inlet and outlet.

4.1.2 Volumgtric Measurements - EPA Method 2: EPA Method 2 was
used to determine the velocity and volumetric flow rates of the
stack gases. Stainless steel Type-S pitot tubes were used to
measure the gas velocity heads. The pitot tubes were calibrated
against a NBS traceable pitot tube in accordance with Method 2.
Calibrated Type-K thermocouples were used to determine gas
temperatures. Velocity and temperature measurements were made at
each point in the traverse as shown in Figure 1. These
measurements were performed before and after the pollutant

sampling described below.
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1 2.1 1.02
2 6.7 3.22
3 11.8 5.67
4 17.7 8.51
5 25.0 12.00
8 35.6 17.07
7 64 .4 3093
a 75.0 36.00
g9 82.3 39.49
10 88.2 42.33
" 93.3 44.78
12 97.9 45,93
INSIDE STACK DIAMETER 43.0 in 4.0 ft

Figure 1 - Traverse Points for the Wet Scrubber Inlet and Outlet
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4.1.3 Molecular Weight Determination - EPA Method 3: Gas

compositional measurements (0, and CO,) for determining the
average molecular weight of the stack gasés were done in
accordance with EPA Reference Method 3. Multi-point, integrated
Sampling was used to obtain a constant rate sample of flue gas
concurrent with the pollutant testing. Sampling was of the samé
duration (except purges following port changes) as the pollutant

runs.

A stainless steel probe was affixed to the pollutant
sampling probe for this purpose. A peristaltic pump, delivering
500 to 750 mL/min of flue gas, was used to fill a Tedlar bag.
Moisture was removed from the sample gas by means of an éir—
cooled condenser located prior to the pump. Figure 2 shows a

schematic of the Method 3 sampling train.

4.1.4 Flue Gas Moisture Content - EPA Method 4: The flue gas
moisture was measured in conjunction with each of the particulate
tests according to the sampling and analytical procedures
outlined in EPA Method 4. The flue gas moisture for each test
was determined by gravimetric analyses of the water collected in
the impinger condensers of the particulate sampling train. All
impingers were contained in an ice bath throughout the testing in
order to assure complete condensation of the mcoisture in the flue

gas stream. Any moisture which was not condensed in the
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impingers. was captured in the silica gel contained in the final

impinger.

4.1.5 Particulate and Multiple Metals Sampling: Sampling for

total particulate, calcium, iron, manganeée, phosphorus,
potassium, sodium, and sulfur was performed in accordance with
EPA Method 5 of 40 CFR 60 in conjunction with EPA Method 202 of
40 CFR 51 and with Draft EPA Method 29. This methodology is

commonly referred to as the Multi-Metals procedure.

4.1.5.1 Sampling Train Description: Figure 3 shows the major

components of the Method 5/202 and multiple metals sampling
train. A heated stainless steel probe with a teflon liner was
used to withdraw the gas sample. The probe was equipped with an
appropriately sized glass nozzle connected to the liner for

isokinetic gas withdrawal.

From the nozzle and probe, sample gas was pulled through a
heated glass filter holder which held a Pallflex ultra—pure 2500
QUAT-UP quartz filter supported on a teflon frit maintained at
248°F + 25°F to prevent water condensation. Sample gas was
subsequently passed through an impinger train consisting of five
glass impingers immersed in an ice bath. The first, second, and
third impingers each contained 100 milliliters of deionized

distilled water. The fourth impinger was initially empty, and
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the fifth initially contained approximately 200 grams of silica

gel.

4.1.5.2 Sampling Train Operation: Sampling was done in

accqrdancé with EPA Method 5 procedures and specifications,
including leak checking and isokinetic sampling rate. However,
stack traversing during sampling was not performed due to
difficulties in accessing the sampling ports. Sampling was
conducted at a single point within the duct. O©One test run of
approximately 60 minutes was performed at both the inlet and

outlet.

4.1.5.3 Sample Recovery and Clean-Up: Recovery of the front-
half of the sampling train (probe plus filter and associated
glassware) was performed in accordance with EPA Method 5
procedures. The probe and front-half glassware were rinsed with
acetone three times each and brushed between rinses with a Teflon
fiber brush. Following the acetone rinse, the probe and front-
half glassware were rinsed with 0.1 Normal nitric acid. Exposed

filters were placed back into their original tared containers.

The back~half of the sampling train (impingers plus
connecting glassware) were recovered in accordance with EPA
Method 202 procedures. The pH of the first impinger was measured
immediately after the test. If the pH was less than 4.5, then

the entire impinger train was purged for one hour using purified

11




air in accordance with Method 202 procedures. If the pH of the

first impinger exceeded 4.5, then the purge was omitted.

After purging (if applicable), the contents of the first
four impingers were measured and transferred to glass jars. The
first four impingers and all back-half glassware were rinsed

twice with water. All water rinses were collected with the

impinger contents. The back-half glassware was then rinsed twice

with methylene chloride. These rinses were collected into a

separate glass Jjar.

The silica gel from the fifth impinger was transferred back
to its original Nalgene container. The amount of moisture
collected in the sampling train was quantified in order to
determine the stack gas moisture content in accordance with EPA

Method 4.

4.1.5.4 Field Blanks: Acetone, 0.1 Normal nitric acid, water,

and methylene chloride field blanks were collected during the
test program. Each blank was taken from the same reagent stock

used for testing.

4.2 Analytical Procedures

4.2.1 Oxygen and Carbon Dioxide - EPA Method 3A: Oxygen and

carbon dioxide concentrations of the Method 3 gas samples were

measured instrumentally using continuous gas analyzers. A

12
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Teledyne Model 320A Chemical Cell Portable O, Analyzer and a
HORIBA Model PIR-2000 NDIR CO, Analyzer were used for the
analyses. Each instrument conformed to the design specifications
of EPA Method 3A. Prior to each series of analyses, each
analyzer was zeroed ﬁsing zero nitrogen, and spanned using a
certified calibration gas with a concentration of 80 to 90
percent of the instrument span. Following calibration a mid
range gas, 50 to 60 percent of the instrument span, was
introduced to each monitor. The mid range response error never

exceeded two percent of the instrument span.

4.2.2 Moisture Content Analysis- EPA Method 4: Moisture

contents were determined gravimetrically in accordance with
Method 4 by measuring either the volume or mass gains of each
impinger in the pollutant sampling trains. Data for these
measurements are included in the respective analytical appendices

for each pollutant.

4.2.3 Particulate Analyses - EPA Method 5 and 202: Particulate

matter was determined in .accordance with EPA Method 5 and 202
procedures. Appendix G contains the laboratory data for the /

analysis. ) ’/

The filter was desiccated and analyzed gravimetrically

constant weight. The front~half acetone rinse was evapors:

analyzéd gravimetrically to a constant weight. The frcgf

7
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particulate catch equals the sum of the front half acetone rinse

and the filter, in accordance with Method 5.

The determination of the total condensible particulate
matter in the back-half of the sampling train was determined in
accordance with Method 202 procedures. The total sulfate
concentration of the impinger contents and agueous rinsés was
determined by analyzing an aliquot of the impinger water and
rinses sample using ion chromatography. The impinger contents
and aqueous rinses were then combined with the hethylene chloride
rinses and extracted twice with methylene chloride using a
separatory funnel. The samp}e was divided into organic
(methylene chloride) and inorganic (agqueous) fractions. Thé
organic fraction was evaporated at room temperature and pressure,
and the resulting residue gravimetrically analyzed to a constant

weight.

The inorganic fraction was evaporated to dryness at 105°C.
If the pH of the original impinger solutions was less than 4.5,
then the resulting residue was redissolved in 100 milliliters of
distilled water and the pH was increased using concentrated
ammonium hydroxide. The resulting solution was evaporated to
dryness at 105°C once more, and the residue was determined
gravimetrically. If the pH of the original solution was greater

than 4.5, then the addition of ammonium hydroxide was omitted.

14
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The back-half condensible particulate catch equals the
organic residue plus the inorganic residue plus the combined
water removed by the acid-base reaction based on the impinger
analysis for sulfate. The total particulate catch equals the
front-half probe rinse and filter plus the back-half

condensibles.

4.2.4 Multi-Metals Analyses - EPA Multi-Metals: The filter of

the EPA Method 5/202 sampling train were analyzed for calcium,
iron, manganese, phosphorus, potassium, sodium, and sulfur.
Analyses of the filte;s were conducted after completion of the
Method 5 gravimetric analyses. SW-846 Methods (atomic
absorption) were used to determine the metals concentrations.
Appendix H contains the 1aboratory report for the metals

analyses.

The digested filters of the sampling train were prepared for
analysis in accordance with the procedures given in the EPA
method. All digestions were performed using a 600-watt microwave
digester and Teflon pressure relief vessels. After preparation,
the samples were analyzed with a Perkin Elmer Plasma 2000
inductively coupled plasma (ICP) atomic absorption spectrometer
for calcium, iron, manganese, phosphorous, potassium, sodium, and

sulfur.

15




Duplicate analyses were performed on all metals samples. In
addition, field blanks were analyzed. Spikes were added to the

samples to determine the metals recovery efficiencies.

5.0 DATA ANALYSIS
All equations and calculations used to determine the
pollutant emissions in this test program are documented in

Appendix D.

6.0 FIELD EQUIPMENT CALIBRATIONS

All field equipment was calibrated in accordance with the
requirements of the applicable EPA Methods and those recommended
within the "Quality Assurance Handbook for Air Pollution
Measurement Systems: Volume III" (EPA-600/4-77-027b, August,
1977) . Equipment calibration documentation is found in |

Appendix I.
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APPENDIX A
TEST LOG
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APPENDIX B
DATA AND RESULTS FOR EPA METHOD 5/202 AND MULTIPLE METALS TESTING

-~ SCRUBBER INLET -




r-----_—-_------------

NET

{mh
123.0
28.0
4.0
4.0
0.0
0.0
0.0
159.0
18.7

29.08
27.33
28.32
1.391

518

RUN NUMBER IN-M5/202-R1
Date 02/16/95
Start Time 18:00
End Time 21:10 METHOD 4 DATA
Stack Diam. 48 inches INIT. FINAL
Nozzle i.D. 0.190 inches {mh) {mb
Meter Box Gamma 0.9995 IMP.1 100.0 223.0
Meter Box dH@ 1.6203 IMP.2 100.0 128.0
Barometric 29.13 inHg IMP.3 100.0 104.0
Cp 0.84 IMP .4 0.0 4.0
Test Duration 60.6 minutes IMP.5
IMP.6
IMP.7
METHOD 14 RESULTS TOTAL 300.0 4590
Metered Volume 46.671 dcf S.G. 200.0 215.7
Volume @ Std.Cond. 44.072 dscf
% Water 15.73 % METHOD 3 DATA
% lsokinetics 107.1 % %02 17.7 Md
Velocity 90.12 fi/sec %CO2 2.30 Ms
Actual Flow 67946 acfm %C0O 0.0 Ps
Std. Flow 51472 scfm %N2 80.0 Fo
Dry Std. Flow 43377 dscfm Q2+C02 20.0 %EA
STACK METER METER TEMPERATURE
TEMP STATIC DP DH VOLUME INLET OUTLET
POINT (Degf) {inWC)  (inWC) {in.WC) {dcf) {DegF) {DegP)
1 208 -11.00 1.6 1.70 429 670 85 83
2 208 -11.00 1.2 1.25 476.341 83 83
3 204 1.7 1.75 83 82
4 206 1.6 1.70 86 83
5 206 1.7 1.75 88 85
6 206 1.9 2.00 87 83
7 193 21 2.20 83 85
8 191 2.1 2.20 91 85
9 192 2.0 2.10 92 86
10 190 18 1.70 92 86
1 194 2.1 2.20 91 86
12 20 1.8 1.90 92 80
13 1.8
14 1.4
15 1.3
16 1.3
17 1.6
18 1.4
19 2.2
20 24
21 2.7
22 2.5
23 2.5
24 23
AVG. 200 -11.00 1.87 1.87 46.671 86




LOUISIANA PACIFIC
SCRUBBER INLET
EPA METHOD 5/202 ANALYTICAL DATA AND RESULTS

SAMPLING DATA:

Run Number: IN-M5/202-R1

Lorr. Sample Volume: 44.072 dscf
Corr. Flowrate 43377 dscfm
02 Content: 17.7 %
CO2 Content: 23 %
SUMMARY::

SUSPENDED PM
Probe Wash © 0.24920 0.24920
Filter 0.32260 0.32260
CONDENSIBLE FM
Organic CPM 0.00950 0.00857
Inorganic CPM 0.00789 -0.00171
TOTAL CPM 0.01739 0.00686
TOTAL PM 0.58919 0.57866
ANALYTICAL DATA:

ME 5 > :(grams) :{grams grams

Acetone Probe Wash 66.85120 67.10040 0.24920 85.0
Acetone Blank Residue 67.48430 67.48430 0.00000 125.0
Applicable Acetone Blank 0.00000

Max. Aliowable Blank 0.00067

Filter 1.15800 1.48060 0.32260

METHOD: 202.COMPQONENT. {grams): rams) grams
Volume of Cont.#4 430.0
QOrganic CPM (Uncorr.) 66.81500 66.82450 0.00950 280.0
MeCI2 Blank 64.94630 - 64.94780 0.00100 300.0
Inorganic CPM (Uncorr.) 67.05080 67.05860 0.00789 430.0
H20 Biank 66.88810 66.89480 0.00670 300.6
PARTICULATE EMISSIONS:

Actual Grain Loading (gr/dscf) 0.2002 0.0024 0.2026
Corrected to 7% 02 (gr/dscf) 0.8696 0.0104 0.8800
Corrected to 12% CO2 (gr/dscf) 1.0445 0.0125 1.0570
Mass Rate (Ib/hr) 74.43 0.89 75.32
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APPENDIX C
DATA AND RESULTS FOR EPA METHOD 5/202 AND MULTIPLE METALS TESTING

= SCRUEBBER OQUTLET -




NET

(mh)
116.0
100.0
-50.0
52.0
0.0
0.0
0.0
218.0
12.0

29.08
26.51
28.41
1.417

480

RUN NUMBER OUT-M5/202-R1
Date 02/16/95
Start Time 18:00
End Time 21:10 METHOD 4 DATA
Stack Diam. 48 inches INIT. FINAL
Nozzle 1.D. 0.192 inches (mh (mb
Meter Box Gamma 0.9907 IMP.1 100.0 216.0
Meter Box dH@ - 1.7925 IMP.2 100.0 200.0
Barometric 29.13 in.Hg IMP.3 100.0 50.0
Cp 0.84 IMP .4 0.0 52.0
Test Duration 55 minutes IMP.5
IMP.6
IMP.7
METHOD 14 RESULTS TOTAL 300.0 518.0
Metered Volume 37.507 dcf S.G. 200.0 212.0
Volume @ Std.Cond. 35.807 dscf
% Water 23.22 % METHOD 3 DATA
% lIsokinetics 96.3 % %02 17.5 Md
Velocity 86.51 ft/sec %Co2 2.40 Ms
Actual Flow 65229 acfm %CO 0.0 Ps
Std. Flow 55051 scfm %N2 80.1 Fo
Dry Std. Flow 42270 dscfm Q2+C0O2 19.9 %EA
STACK METER METER TEMPERATURE
TEMP STATIC DP DH VOLUME INLET OUTLET
POINT (DegF) (in.WC) {in.WC) (in.WC) (dcf) (DegF) (DegF)
1 137 -10.00 1.10 1.450 785.138 77 75
2 134 -9.70 1.30 1.700 822.645 76 75
3 137 1.50 1.950 77 75
4 138 1.90 2.300 78 75
5 136 1.90 2.300 79 75
6 135 2.00 2.450 £3 75
7 135 2.40 3.100 82 I
8 127 2.00 2.450 74 73
9 128 2.00 2.450 17 72
10 128 1.90 2.300 78 73
11 128 1.50 1.950 79 73
12 128 1.30 1.700 79 73
13 133 2.90
14 133 2.60
15 135 2.40
16 137 240
17 138 2.20
18 138 210
19 136 1.50
20 136 1.80
21 135 1.80
22 135 1.80
23 135 1.50
24 135 1.40
AVG. 134 -9.85 1.87 2.18 37.507 76




LOUISIANA PACIFIC

SCRUBBER OUTLET

EPA METHOD 5/202 ANALYTICAL DATA AND RESULTS
SAMPLING DATA:

Run Number: OUT-M5/202-R1

Corr. Sample Volume: 35.807 dscf
Corr, Flowrate 42270 dscfm
Q2 Content; 175 %
CO2 Content: 24 %
SUMMARY:

SUSPENDED PM
Probe Wash 0.05020 0.05020
Filter 0.34300 0.34300
CONDENSIBLE PM
Crganic CPM 0.03830 0.03740
Inorganic CPM' 0.07637 0.06654
TOTAL CPM 0.11467 0.10394
TOTAL PM 0.50787 0.49714
ANALYTICAL DATA:

Acetone Probe Wash 67.18960 67.23980 _ 0.05020 120.0
Acetone Blank Residue 67.48430 67.48430 0.00000 125.0
Applicable Acetone siank 0.00000
Max. Allowable Blank . 0.00094
Filter 1.17200 1.51500 0.34300

‘METHOD:202:COMPONENT rams) grams gram

Volume of Cont #4

Organic CPM (Uncorr.) 65.04900 65.08730 0.03830 270.0
MeCI2 Blank 64.94680 64.94780 0.60100 300.0
Inorganic CPM (Uncorr.) 65.07040 65.14590 0.07637 440.0
H20 Blank 66.88810 66.89480 0.00670 300.0
PARTICULATE EMISSIONS:

FILTERABLE

Actual Grain Loading (gr/dscf) 0.1694
Corrected to 7% 02 (gr/dscf) 0.6927
Corrected to 12% CO2 (gr/dscf) 0.8472
Mass Rate (lb/hr), 61.39 16.23 77.62

| -
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APPENDIX D -~ CALCULATIONS
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10.

EPA METHODS 2-4 CALCULATIONS

Metered Gas Sample Volume at Standard Conditions

AH
P+

528 B 13.6

Vatsrar = VaX¥X 35795 * | 7T, ¥ 460
. m

Gas Volume of Water Vapor Collected in Impinger Liquid
| Vic(stay = (Vf - Vi) x0.04707

Gas Volume of Water Vapor Collected in Silica Gel

szg(std) = (Wf - Wi) x0.04715

Moisture Volume Fraction in Flue Gas

Vwc(std) + szg(std)

Bws -
Vwc(scd) + szg(std) + Vm(std)

Moisture Volume Percentage in Flue Gas
%H,0 = B, x100

Absolute Pressure of Flue Gas
=

static

P_=P
2% T13.6
Nitrogen Content of Flue Gas
$N, - 100 - (3CO, + %0, + $CO)

Dry Molecular Weight of Flue Gas
My - 0.44x%C0, + 0.32x%0, + 0.28x (3N, + $CO)

Wet Molecular Weight of Flue Gas
M, = Myx {1 - B,) + 18xB,,

Fuel Factor Based on Flue Gas Composition

20.% - 30
o2 "2
° $CO,




11.

12.

13.

14.

15.

16.

17.

EPA_METHODS 2-4 CALCULATIONS - continued

Excess Air of Flue Gas

$0,~0.5%CO

0o
0.2648N,- (%0,-0.58C0)

% EA-

Average Gas Velocity, ft/sec

(T,+460) 2/

v,~85.49xC x (AP) /2,
(P xM,) /2

Area of Round Duct or Stack

nt xD?

s - m (Iound dUCtS)

Area of Rectangular Duct

L x W

- rectangul
s Taa ( gular ducts)

Actual Veolumetric Flow Rate of Flue Gas
Q, = VgXA_X60

Flow Rate of Flue Gas at Standard Temperature and Pressure

P_x528

Qs = CaX\ 71 460) x29.92

Dry Flow Rate of Flue Gas at Std. Temperature and Pressure
Qgq = Q% (1 - B
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NOMENCLATURE FOR EPA METHODS 2-4

Stack area, ft2

Moisture volume fraction

Pitot tube coefficient (=0.84)

Stack diameter, inches

Average meter orifice pressure, in.W.C.
Pitot tube differential pressure, in.W.C.
Combustion factor

Meter calibration factor, gamma

Length of rectangular stack or duct, inches
Dry molecular weight, 1lb/lb-mole

Wet molecular weight, lb/lb-mole
Barometric pressure, in.Hg

Absolute stack pressure, in.Hg

Average static pressure, in.wW.C.

Actual gas flow rate, acfm

Standard gas flow rate, scfm

Dry standard gas flow rate, dscfm
Average meter temperature, °F

Average stack temperature, °F

Final impinger volume, ml

Initial impinger volume, ml
Uncorrected hmetered gas veolume, dcf

-Corrected gas volume, dscf

Average gas velocity, ft/sec

Gas volume of water caught in impingers, scf
Gas volume of water caught in silica gel, scf
Width of rectangular stack or duct, inches
Final silica gel mass, grams

Initial silica gel mass, grams

Dry volumetric concentration of 0,, %dv

Dry volumetric concentration of CO,, %dv

Dry volumetric concentration of CO, %dv

Dry volumetric concentration of N,, %dv
Percent excess air




EPA METHOD 5 GRAVIMETRIC CALCULATIONS

1. PM Collected in Probe Wash - MpH

M

ow (pr)final - (W

pw) tare

2. Applicable Acetone Blank Correction - Bapw

v,
Bapw = [(Wab) gina1 ~ (Wap) t:are] X —Vi

3. Maximum Allowable Acetone Blank - B, rox

B

amax

= 0.7845 x 0.00001 x v,

4. Actual Probe Wash Blank Correction - B

="
Bpw = MINIMUM [B

apw?!

B

a.max]

5. PM Collected on Filter - M,

M, - (Wf) final = (Wf) tare

6. Total PM Collected for Method 5 Calculations - M

NOMENCLATURE

amax

T
2

J:!EUJ

_—< g R
c® "

-ab) final

(Wab) tare

(W) 44
(We) tore

(pr) final

(Wpu) tare

nmu-nuun o I

My - M, + M, - B,

Maximum allowable acetone blank correction, based
on weight of acetone in probe wash, grams
Acetone blank correction based on residue of
blank, grams

Acetone blank correction actually used, grams
Total mass of particulate in train corrected for
acetone blank, grams

Mass gain of filter, grams

Probe wash residue, grams

Liquid volume of acetone blank, ml

Liquid volume of probe wash, ml

Final weight of beaker containing acetone blank
residue, grams

Tare weight of beaker containing acetone blank
residue, grams '

Final weight of filter, grams

Tare weight of filter, grams

Final weight of beaker containing probe wash
residue, grams

Tare weight of beaker containing probe wash
residue, grams

B N NN N NN AN BN G N B B S NN B B BN A A e



PARTICULATE EMISSIONS CALCULATIONS

1. Particulate Concentration - C,

_Z) 7000

Vst 453.593
2. Particulate Concentration Corrected to 7% 0, = C_€7%0,
20.9 - 7.0
Csders = C}dx'?ﬁfjg—:—gai;
I Particulate Concentration Corrected to 12% CO, - C_,812%CO,
12

Codaize ~ Csdx"gz."o_z
4, Particulate Mass Rate - M,

Z (M)

- — 1 x Qsd e L

Valstd 453,593

6. Isokinetic Variation - %ISO
&% TS0 = 0.09450x (T.9 + 460) XVp(stad

P xv xA,xtimex (1 - B,)
NOMENCLATURE
A = Nozzle area, ft?
Ceq = Particulate concentration, grains/dsct
D, = Nozzle diameter, inches
M, = Summation of PM collected in sample train, grams
M, = Mass rate of particulate emissions, lb/hr
P, = Absolute stack pressure, in.Hg
Q4 = Dry standard gas flow rate, dscfm
S . . .
time = Net sampling time, minutes
T, = Average stack temperature, °F
Vingstdy = Corrected gas volume, dscf
v, = Average gas velocity, ft/sec
%0, = Dry volumetric concentration of 0,, %dv
%CO, = Dry volumetric concentration of CO,, %dv
$Iso = Percent isokinetics




METHOD 202 CALCULATIONS

Calculated correction factor
mc - K CSO‘-Z Vic
where,

0.0205 when correcting for NH,, and H,0
0.1840 when correcting for NH,, only

o

Weight of total corrected inorganic CPM (mg)
v,

—m
1

m; = m —_ | -mnh. - M-
1 I c CI
(IGC_I@)

Corrected concentration of CPM (mg/dscm, mg/dscf)

c
o Viisea)

CPM emission rate (kg/hr, 1lb/hr)
ERepp = K Copp ©

where K = 6.0E-5 (kg min)/(mg hr) for metric units
= 1.32E-4 (lb min)/(mg hr) for English units

Calculation of sulfate ion concentration using NH;
titration

c 48.03 V. N
I T —. )
50, 100

1

-

-

q
[




METHOD 202 CALCULATIONS (Continued)

NOMENCLATURE

Copy = concentration of CPM in flue gas (mg/dscm, mg/ dscf)

Cops — concentration of SO,"2 in sample (mg/ml)

m, = mass of NH,, added to sample to form (NH,),SO, (mg)

m., = correction factor for chloride

m, = weight of CPM in MeCl, and H,0 blanks (mg)

m; - = weight of inorganic CPM (mg)

m, = weight of organic CPM (mg)

m = weight of dried inorganic fraction (mg)

N = normality of NH,OH (mg/ml)

Q = volumetric flow rate (dscmm, dscfm)

' = volume of sample taken for IC analysis (ml)

Vie = volume of impinger contents sample (ml)

Vincstd) = volume of gas sampled, corrected to standard
conditions (dscm, dscf)

v, = volume of NH,OH titrant




METALS CAL.CUTATIONS

Total sample weight - W. (micrograms)”

W; = mfront_mbfrom:

Gas Concentration - Cm, (micrograms/dscm)

o o W:x35.3145
My Vmstd

Concentration corrected to 7% 0,, C,,

13.9
C, ==
H 7% 20.9-%0,
Concentration corrected to 12% CO,, C

12
%CO,

12

The mass flow rate of substance (i), G,

Wix0Q. %60
VoergX10%%453,593

ms

G.-

1

i12

1

(1b/hr),

e e



NOMENCLATURE FOR METALS CALCULATIONS

Infront

mbfront
sd

Vmstd

Wi

%0,

%CO2

60

10°¢

35.3145

453.593

|V | O T 1 T VA [ I [ |

total sample weight collected in front half
of sample train (micrograms)

front half blank correction (microgranms)
stack gas flow rate (dscfm)

the volume of gas sampled at STP (dscf)
total sample weight of (i) (micrograms)
oxygen content in stack gas, dry %

carbon dioxide content in stack gas, dry %
min/hr

micrograms per gram

cubic feet per cubic meter

grams/1lb

"BLANK CORRECTION RULES

FOR ALL METAILS EXCEPT MERCURY:

If the measured blank value for the front half (mfhb) is in
the range of 0.0 to A ug (A = 1.4 x Filter Area), then mfhb may be
used to correct the front half sample (mfh). If mfhb exceeds A ug,
then the greater of the following may be used: (1) A ug, or (2)
the lesser of (a) mfbh, or (b) 5 percent of mfh.




i
i

APPENDIX E
RAW FIELD DATA FOR EPA METHOD 5/202 AND MULTIPLE METALS TESTING

- SCRUBBER INLET -
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APPENDIX F
RAW FIELD DATA FOR EPA METHOD 5/202 AND MULTIPLE METALS TESTING

- SCRUBBER OUTLET -
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APPENDIX G

GRAVIMETRICS LABORATORY DATA
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ETS,

Inc.
GRAVIMETRIC LABORATORY DATA

Final Beaker Weights

|our -202-R1

I
I
l
I
I
I

©.1399¢C |o2/20/95

Job Number: 95-403

Report Prepared on: 02/23/95 Page 1

[ T T ; T 1

|  Beaker # | Constant | Final Weight Data j Constant |

I Filter # | Tare | Date Time Weight {(g)  Analyst | Final |

| Sample # |weight (g) | | weight (g) |

| Run 1.D. | | I |

| Total vol.,ml| Beaker | i |

| Aliquot Vol. | Filter | I I

| ==emmmmmemeoee |---------- RO Rt R !

|09/23/94-040 | 67.07550 |02/18/95 13:00 68.55860 TGW | e8.55610

|see Comments | 29,3926 |o2/19/95 13:00 68.55590 TGW | i

|95-403-00100 | 0.3915 |o2/20/95 o08:82 68.55610 TGW | |

|INL  -202-R1 | ° |

I | ©-33Y40 | I |

| | | I |

| =om e omooe --moo-- | oo e |---mmmm e |

|09/23/94-041 | 66.85120 |02/19/95 13:01 67.09990 TGW | 67.10040

| |  0.00000 |02/20/95 08:33 67.10040 TGW | |

|95-403-00101 | | | |

|INL -202-R1 | | | |

| 85.00000 | [ | |

| 85.00000 [ | | I

| omemeomnoee | -<-eeeeoe- | <o o m e oo |--emmmommeoeee |

|12/27/94-028 | 67.05080 |02/22/95 14:16 67.05820 TGW { 67.05860

| | o.oc0c00 |02/23/95 08:15 67.05860 BT :

]95-403-00102 | | |

|INL -202-R1 | | !

|430.00000 | i i

|430.00000 | | |

|-----mmmmeo e |- mooeee- eSS R [--mm e

|12/27/94-027 | 66.81500 |02/21/95 13:31 66.82480 TGW | 66.82450

| | o0.o00000 |02/22/95 08:41 66.82450 TGW |

|95-403-00105 | | |

| INL -202-RLP | | |

1280.00000 | | |

|280.00000 | | |
et |---mme - RO G | -mmmeee e

{09/23/94-038 67.25920 |02/18/95 12:57 68.77680 TGW 68.77420

|See Comments 0,141{ |02/19/95 12:58 68.77450 TGW

|95-403-00108 08:30 68.77420 TGW




ETS,

Inc.

GRAVIMETRIC LABORATORY DATA

Final Beaker Weights

I
l

|BLA

I
I

95-403-00117
-202-R1
125.00000
125.00000

I
I
I
.48430 |02/19/95
|
|
I
I
I

Job Number: 5$5-403
Report Prepared on: 02/23/95 Page 2
I | 1 ] 1
| Beaker # | Constant | Final Weight Data | Constant |
| Filter # | Tare | Date Time Weight (g) Analyst | Final |
| sample # |Weight (g) | ' | wWeight (g) |
| Run I.D. | | } |
| Total vol.,ml| Beaker | f |
| Aligquot Vol. | Filter | | |
------------------------ e Lt
109/23/94-039 { 67.18960 {02/19/95 12:59 67.23960 TGW | 67.23980 |
| | ©0.00000 |02/20/95 08:81 67.23980 TGW | |
|95-403-00109 | | | |
jour -202-R1 | | | |
120.00000 | | ] |
[120.00000 | | | J
| --memomnoe e |--o-mmeee- P e e L e LR PSR, [-memmmm e |
|12/27/94-026 | 65.07040 |02/22/95 14:15 65.14540 TGW | 65.14590
| ' | o.00000 }J02/23/95 08:15 65.14590 TGW ! i
|95-403-00110~ | | - | |
|ouT -202-R1 | | | |
[440.00000 ! | | |
440.00000 | | | |
-------------- R B B attd
}12/27/94-025 | 65.04%00 |02/21/95 123:30 €5.08B770 TGW | 65.08730 ]
| | o©0.00000 |02/21/95 08:40 65.08730 TGW | |
fo5-ann.22 23 | ! 1 e vd
[oUT -202-R1 | | | |
270.00000 i | | |
270.00000 - | | | |
-------------- R P B
09/23/94-042 | 64.85000 |02/18/55 13:02 65.22990 " TGW | 65.23020
[Q01/18/95-0037| ©0.38320 |02/19/95 13:03 65.23020 TGW |
95-403-00116 | ] |
|BLA -202-R1 |- |

I I

| |
______________ S T
09/23/94-043 | 67 13:03 67.48470 TGW | 67.48430

| o.o0000 |02/20/95 08:34 67.48430 TGW |

I I

I |

I |

I I

| I

----------I
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ETS, Inc.

GRAVIMETRIC LABORATORY DATA

Final Beaker Weights

}95-403-00121
|BLA -202-R1
|300.00000

Job Number: 95-403
Report Prepared on: 02/23/95 Page 3
I T T T =
| Beaker # | constant | Final Weight Data | Constant
| Filter # | Tare | Date Time Weight (g)  Analyst | Final
| Sample # |Weight (g} | | wWeight (g) |
| Run I.D. I I I I
| Total vol.,ml| Beaker | |
| Aliquot Vvol. | Filter | | |
| =ame e [--o-om - = m e | --oemeseenaaes |
|12/27/94-030 | 66.88810 |02/22/95 14:17 66.89440 TGW | 66.89480 |
| | ©0.00000 |02/23/95 08:15 66.89480 TGW | |
|95-403-00128 | [ | |
|BLA -202-R1 | | |
|200. 00000 | | |
|300.00000 | | |
|-=-mmmomeeenen | == mmmm e | | -mmmmmmmoeees |
12/27/94-029 | 64.94680 |02/21/95 13:32 64.94820 TGW 64.94780
| | ©.00000 |02/22/95 08:42 64.94780 TGW

I

|

I

I

|300.00000
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METALS LABORATORY DATA




ETS Analytical Services, Inc.

— A subsidiary of ETS International, Inc.

ETS, Inc.

1401 Municipal Road N.W.
Roancke, VA 24012
ATTN: Dr. Ted Handel

Re: Laberatory Analysis

ETSAS Client No. 6593
P. O. Box 5387

REPORT DATE/NUMBER: February 23, 1995 / 323

ANATYSIS FOR: Calcium, Iron, Potassium, Manganese, Scdium, Sulfur, Silicon
Phosphorous

METHOD OF ANALYSIS: SW-846 Method 6010A

E ; 5 g A Proudly serving industry and government since 1973. A USEPA Contract Laboratory

?

I SAMPLE ANALYSIS DATA

CLIENT ID: IN-M5/202-R1 LAB ID: 174948

MATRIX: FILTER/AQ COLLECTED BY: CLIENT
COLLECTION DATE: /I DATE RECEIVED: 02/20/95
OTHER ID: 55-403-T TIME COLLECTED:

DESCRIPTION: 1A & 1B

METALS/ELEMENTS RESULTS:

Calcium 15500 ug,
E>Analysis Date: 02/21/95 by: KO Run ID: Q221385ETS
ksMethod: ICP, SW-846 Method 6010A; Det Limit= 60.0 ug, Total
LsCcomments: Initial Volume for Fraction 1A and 1B = 150 mls

Total

Iron 1390 ug, Total
L>Analysis Date: 02/21/95 by: KO Run ID: 022195ETS
LsMethod: ICP, SW-846 Method 6010A; Det Limit= 6.00 ug, Total
LsComments: Initial Volume for Fracticn 1A and 1B = 150 mls

Manganese - 658 ug, Total

LsAnalysis Date: 02/21/95 by: KO Run ID: 022195ETS
tsMethod: ICP, SW-846 Method 6010A; Det Limit= 0.30 ug, Total
Lscomments: Initial Volume for Fraction 1A and 1B = 150 mls

REPORT CONTINUED ON NEXT PAGE

1401 Municipal Road, NW - Roanoke, Virginia 24012-1309 - 800-767-4016
703-265-0004 (Voice) - 703-563-4866 (Fax) - etsas (@ roanoke.inf.net (E-Mail)

@ Printed on recycled paper f;‘é} Printed on recyclable paper
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ETS, Inc.
Report of 02/23/95
Page No. 2

SAMPLE ANALYSIS DATA

-1
rAgfl.IEN‘I' ID: IN-M5/202-R1 = LAB ID: 174948 (continued)
Phosphorus - 980 ug, Total
t>Analysis Date: 02/21/95 by: KO Run ID: 02219%5ETS
LsMethod: ICP, SW-846 Method 6010A; Det Limit= 300 ug, Total
L.Comments: Initial Volume for Fraction 1A and 1B = 150 mls
Potassium 26000 ug, Total
L.analysis Date: 02/22/95 by: KO Run ID: 022195ETS
LsMethod: ICP, SW-846 Method 6010A; Det Limit= 600 ug, Total
LsComments: Initial Veolume for Fraction 1A and 1B = 150 mls
8ilicon 367000 ug, Total
LsAnalysis Date: 02/21/95 by: KO Run ID: 022195ETS
LsMethod: ICP, SW-846 Method. 6010A; Det Limit= 30.0 ug, Total
LsComments: Initial Veolume for Fraction 1A and 1B = 150 mls
Sodium 21500 ug, Total
L-Analysis Date: 02/21/95 by: KO Run ID: Q22195ETS
LsMethod: ICP, SW-846 Method 6010A; Det Limit= 150 ug, Total
LsComments: Initial Volume for Fraction 1A and 1B = 150 mis
Sulfur 4150 ug, Total
EsAnalysis Date: 02/21/95 by: KO Run ID: 022195ETS
LxMethod: ICP, SW-B46 Method 6010A; Det Limit= 300 ug, Total
L.Comments: Initial Volume for Fraction 1A and 1B = 150 mils
CLIENT ID: QUT-M5/202-R1 LAB ID: 174949
MATRIX: FILTER/AQ COLLECTED BY: CLIENT
COLLECTION DATE: /7 DATE RECEIVED: 02/20/95
OTHER ID: 95-403-T TIME COLLECTED:
DESCRIPTION: 1A & 1B
Calcium 20600 ug, Total
Lspnalysis Date: 02/21/95 by: KO Run ID: 02219S5ETS

L>Method: ICP, SW-846 Method 6010A; Det Limit= 60.0 ug, Total
L>Comments: Initial Volume for Fraction 1A and 1B = 120 mls

Iron 2460 ug, Total
L>Analysis Date: 02/21/95 by: KO Run ID: 022195ETS
LsMethod: ICP, SW-846 Method 6010R; Det Limit= 6.00 ug, Total
L>Comments: Initial Volume for Fracticn 1A and 1B = 120 mls

Manganesse - 460 ug, Total
EsAnalysis Date: 02/21/95 by: KO Run ID: 022195ETS
L>Method: ICP, SW-846 Method 6010A; Det Limit= 0.30 ug, Total
L>Comments: Initial Volume for Fraction 1A and 1B = 120 mls

REPORT CONTINUED ON NEXT PAGE

e
@ Printed on recycled paper &= Printed on recyclable paper
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ETS, Inec.
Report of 02/23/95
Page No. 3

E1SE

SAMPLE ANALYSIS DATA .

CLIENT ID: OUT-M5/202-R1 ® LAB ID: 174949 {(continued)

Phosphorus

L-Analysis Date: 02/21/9S

857 ug, Total
Run ID: 022195ETS

LxMethod: ICP, SW-846 Method 6010A; Det Limit= 300 ug, Total
LxComments: Initial Volume for Fraction 1A and 1B = 120 mls

17301 ug, Total

Potassium

L>Analysis Date: 02/22/95

Run ID: 022195ETS

LtuMethod: ICP, SW-846 Method 6010A; Det Limit= 600 ug, Total
L.comments: Initial Volume for Fraction 1A and 1B = 120 mls

Silicon

105000 ug, Total

k>analysis Date: 02/21/95

Run ID: 022195ETS

L-Method: ICP, SW-846 Method 6010A; Det Limit= 30.0 ug, Total
LusComments: Initial Volume for Fraction 1A and 1B = 120 mls

Sodium

L>analysis Date: 02/21/95

22100 ug, Total
Run ID: 0221895ETS

L:Method: ICP, SW-846 Method 6010A; Det Limit= 150 ug, Total
L>Comments: Initial Volume for Fraction 1A and 1B = 120 mls

Sulfur

LsAnalysis Date: 02/21/95

3940 ug. Total
Run ID: 02218S5ETS

L.Method: ICP, SW-846 Method 6010A; Det Limit= 300 ug, Total
LsComments: Initial Volume for Fraction 1A and 1B = 120 mls

CLIENT ID: BLANK
MATRIX: FILTER/AQ
COLLECTION DATE: /[ /
OTHER ID: 95-403-T
DESCRIPTION: 1A & 1B

LAB ID: 174950
COLLECTED BY: CLIENT
DATE RECEIVED: 02/20/95
TIME COLLECTED:

Calcium

L>Analysis Date: 02/21/95

83.1 ug, Total
Run ID: 022195ETS

LsMethod: ICP, SW-846 Method 6010A; Det Limit= 60.0 ug, Total
LxComments: Initial Volume for Fraction 1A and 1B = 150 mls

Iron

L>pnalysis Date: 02/21/95

138 ug, Total
Run ID: 022195ETS

LsMethod: ICP, SW-846 Method 6010A; Det Limit= 6.00 ug, Total
LsCcomments: Initial Volume for Fraction 1A and 1B = 150 mls

Manganese

L>Analysis Date: 02/21/95

1.89 ug, Total
Run ID: 022195ETS

LaMethod: ICP, SW-846 Method 6010A; Det Limit= 0.30 ug, Total
Locomments: Initial Volume for Fraction 1A and 1B = 150 mls

REPORT CONTINUED ON NEXT PAGE

@ Printed on recycled paper

& Printed on recyclable paper’
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ETS, Inc.
Report of 02/23/85
Page No. 4

[ SAMPLE ANALYSIS DATA

—
CLIENT ID: BLANK ® LAB ID: 174950 (continued)
Phosphorus < 300 ug, Total
L>Analysis Date: 02/21/95 by: KO Run ID: 022195ETS
LsMethod: ICP, SW-846 Method 6010A; Det Limit= 300 ug, Total
LsComments: Initial Volume for Fraction 1A and 1B = 150 mls
Potassium < 300 ug, Total
E>Analysis Date: 02/22/95 by: KO Run ID: 02219B5ETS
LksMethod: ICP, SW-846 Method 6010A; Det Limit= 600 ug, Total
kxComments: Initial Volume for Fraction 1A and 1B = 150 mls
Silicon 162000 ug, Total
E>Analysis Date: 02/21/95 by: KO Run ID: 022195ETS
LsMethod: ICP, SW-846 Method 6010A; Det Limit= 30.0 ug, Total
LxComments: Initial Volume for Fraction 1A and 1B = 150 mls
Sodium 9610 ug, Total

L>analysis Date: 02/21/95 - by: KO Run ID: 02219S5ETS
LsMethod: ICP, SW-846 Method 6010A; Det Limit= 150 ug, Total
LaComments: Initial Volume for Fraction 1A and 1B = 150 mls

3ulfur < 300 ug, Total
tsAnalysis Date: 02/21/95 by: KO Run ID: 022195ETS
L>Method: ICP, SW-846 Method 6010A; Det Limit= 300 ug, Total
LsComments: Initial Volume for Fraction 1A and 1B = 150 mls

Quality Assurance performed on the above data is presented on the following page(s).

If we may be of further assistance, please contact us at any time.

Sincégrely,

ETS 'ALYTICAfﬂ:;iyl INC.
a7 .

Susanne H. Deegan, Project ager

@ Printed on recycled paper f:..:: Printed on recyclable paper
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APPENDIX I

FIELD EQUIPMENT CALIBRATIONS
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METER CONBGLE ZALIB

[#1)

Aetzr dox Nou.. ... .

THERMOCGURLE nLhgs? i
Retarence

Tezperature

]

4

129

R

W9

48l

]

acd

732

8l

209

Trar

=1 o U B e DO

el “ I = ¥
—

Calibration Perforzed By vvvvuus

Post Test Calibration-Contract 4\~

Pra-Test Calibration-Contract #-

Cauerits:

£5.5 L

RATICN =ORH

AeFeagitz TALIERATOR
Date vovvviaieninias .
ineragcouple  Difference
Teaperature )

3 9,329

X 2,439
3 35T
R %152
Il 1.530
323 DAY E
+33 2.293
a9 R
333 2386
20 3975
433 4,974
& 124

W3 GRAREY

RR7: CRL-K
id~dec-34

AVERAGE DIFF

|
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0

Mefar Bod N viviesenns 3

THEFMGECUPLE :UMBER g
Aefarence

Tesperaturs

1 2

2 32

3 199

] c2d

3 309

8 422

7 w2

8 399

3 79

12 309

il 999

E.T.3. INE
METEX COMEOLE CALITRATICN FOAM
REFERENET CRLIBRATOR
Date vuvuvens Ciarreeraeas
Theraocoupiz  Diffarence
Texperaturs %
3 8.949
3 Q.7
37 233
133 2432
i 9.722
333 lls
R0 2223
829 -1, ¥4
7R 9. 492
£23 3,282
321 -2,374

Calibration Parfarzed By .......

Post Test Calibration-Contract #\~

Pre-Test Calibration-Contract 3-

Coasents:

Wo R, GRAKAA

A il

STl CAL-H
t6-Dap=3%

AVERREE DIFF




dater 3oy [ T
THERMOCGUPLE suMBER

3 Oy

Referenca
Tengeraturs
9
kb
1
pvin )
R
42

[
w2

52
781
£gd
E

R TR R TR LT I SR

—
— e

Caligration Perfyraed ) AP

Past Tast Calibratisn-ﬁantract -

Pre-Tast Calibratiun-Cantract #-

Coawents:

E.T.5 :
METER CinsoLg CALIBRATION Firy

.

AEFEREICE CALIBRATGR

Data ........

L LR A

Therascoupl s Diffarercs

Teaperatyra
3
29
%8
195
3
429
S8
T
781
daa
320

. R GRAHAM

ety .

e e

X
3.0
8,234
9,357
2. 152
3 v
8,232
8,32
2, 208
9,309
2. 009
9. 289

2195

RATL AL

io-Dac-3a

AYERRGE DIFF

|

|
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ms am =
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]
METER
2521 B Mou.iiiiiena, 3
THERMOCOURLE nUMBER Y
flafarencs
Tamperaturs
i 9
e 22
3 190
4 £
3 200
5 49
7 =83
g s4l
3 709
10 329
11 990

Caligration Pertorzed 3y .......

Fost Test Calitration-Contract .~

Pre-Test Caltoration-Contract §-

Coaaents!

=T a ~
.5 NG

LOnZCLE CALIZARTICN FORM
AEFERENCE CALISRATOR
112
Taeragcoupia  Oifference
Tzaparature *
3 2.989
3 Q487
3§ 2,357
R 0. 208
it -3.132
2 Q.00
493 2,13
283 -9, 294
IeH R
ot -3.973
321 -2,274
2,237

W, GRRARA

FHi L CAL-4

th-Tec-94

AVERRGE DIFF




HETE
H2Tar 30X NOiveversrens 3
TEEAMCCCURLS WUMBER 3

Rarapence
Taaparature
g
32
189
c39
290
539
]
8ol
)

21
29

bl

-—E;-.pu,--nmt.ﬂ-u-uln)--

—

Calioration Perforaed=3y o.oouae

Fost Tasi Calimration-Caniract 3\~

-t
'

Fre-vast Calisesfion-Contract 3=

Cozaents;

£.7.5. IdC.

? CONSGLz CRLIZRATICH FoRM
REFTRENCS CALIZRATCR
0232 cevineinecinnnnes ves

Thersocoupla  Diffarence
Teaperafyre *

) 20
=9 3 ad7
] 237

] i
oAl -, 132
i AYE]
+43 A, 1dh
Bl -3, 034
31 -3.966
91 -8, 173
it -3.474

3. 047

Wi, BRRHGN

Av

£RREZ DIFF
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ReTzrence
Teaperature

%
il

606
Tl
209
el

:E_;-.ﬁﬂ-‘l-s-l [* ol SN S S

Calibratian Farfaraed By ....uus

Past Test Calibratien-Coniract #\-

Pre-Test Calibraticn—Contract 3-

Cosments:

E. 7.3, INC.

7]

L]

AEFziEilz CALIERATCAR
at

B sacanns ittraana

METER CONSOLE CALIZRATICN 7R

Tharaocoupiz  Diffarance

Teaperaiure
3

23

189

e

P

531

3

. Rd

T3

&l
32

W. R, Grahai

*
3,200
2.2
3,200
-2.303
~0.283
146
R
-3, 133
3.7
-2.979
. 147

- 113

AT CAL-H

29-dec-34

RVERAGE DIFF




a
E.7.3. LiL.
HETER COMGCLE JRLIBRATICM R
Hetar Box Mouuivnuienns 3 AcrIaeCE CALIBAGTER AH7L CAL-H
THZANGLGURLE :IUMBER T oDate covavvieenenesiannns 23-020-%4
Ratarence  Thersecouple Difrsrencs
Tesperatura Teaperature %

1 ] 3 2. 309

2 33 2 Q. 223

3 199 o] 317

4 220 £dt -8 152

3 3% 3l 132

3 dal 331 & 0%

7 3 b R

3 238 8t -3 353

3 781 [ -3. %6

12 200 adl -2.379

i 11 301 G2 -3.373
L
-1, 3! AVERRGE DIFF

Caligration Perforsed By ..ovov. - WoA. Grazhaa - A

Post Test Calibration-Contract $\- —M——

Pre-Test Calibration-Contract 3-

Cozments:

i e e e e e e m e ————————
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E.T.5. iNE.

METER CONSOLE CALIBRATION FORM

Mater Box Houvvsiaannse 11

THERMCCOUPLE NUMBER i
Referance

Tesperature

8

3

1%

2400

269

400

=39

bd9

709

geo

9a]

[ S - P %

— e OB~ O
=

—

3
i
s
bl
ad
w
-
-
(2]
1
)
o
5
-3
o
"
[x
o
i
co
A
.
f

Post Test Calibration-Contract #\-

Pre-Test Calibration-Contract %~

Cozments:

REFERENCE CALLARATOR HHTL CAL-K
171 3 17-Sep-34
Thersocouple  Difference
Teaperature %
2 2.0
R 3.000
191 -2.17
2 - 2,240
0 9.
508 3. %00
209 2.909
208 2,220
700 2. 203
ge1 -2,279
el 9. 200

- #Bick. Beribead

-0.923  AVERRGS DIFF

J

MR N N N R BN AN BN B =y



b
E.T.5. INC.
¥ETER CCNSOLE CALIBRATICN FORM
detar 3ox Mouseiassenns 1f AZFERENCE ZAILIAATOR FHTL CRL-H
TRERMGCCUPLE NUMBER 2 Date vivrecriininonisania {7-3e0-34
Aeference  Thersocouple  Difference
Tesperature Tesperature %
{ 9 ? 2,708
2 T3 75 3,909
3 1@ 133 3,209
3 208 209 3.200
1 208 259 a2
] 493 49 9,200
7 ) §3% 2134
a g8 529 2. 808
3 749 939 3. 288
18 229 803 d. 508
1 561 Lt 2.973

3,336  AVERAGE DIFF
Calibration Perforsed By .......  Mick Berkhead

Post Tast Calibration-Contract 3\-

Pre-Test Calibration-Contract #- —

Comaents:

. .‘
HE Bl I I B R BN BN D e e ;
- " : '




E.T.5. INC.

METZR CONSOLZ CALIBRATICN ~ORM

Matar 3o Hoveviveanans i1

TRERMOCELFLE MUMBER 3
RaTarance

Teaperature

2

73

49

02

e

409

20

ped

T

200

01

e g3 (O ) O LR el O e

—

Calibration Ferforsed By usuen,

Post Test Calibration—Contract #\-

Pre-Tast Calibration-Contract #-

Coaments:

SEFZAENCE CAILBRATOR TH71 CAL-#
Jat2 sirurconrrnrancnanes 17-3ep-34
Theraocouple Difference

Temperature %

? 3.290
T3 2. 009
i%n 2,380
9 3, 30
KA 9. 200
L4 8,220
479 2,194
639 2,360
839 LT
g 238
E1i 3,973

9.%24 AVERABE DIFF
Mick Berkhead

-
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E.T.5. It

METER CCNSGLZ CALIBRATICN FORM

Meter Box Nowivervesras 1
THRERMOCOURPLE MJMBER

Refarence

Texparature

3

32

139

£oe

200

494

S

(L)

709

603

991

Lo o~ O LA ) Y e

— e
—

Calibration Perforaed 3y ....v0e

Post Test Calibration—Cantract #\-

Pre-Test Calibration-Contract #-

Commenis:

REFERBNCE CAILSRATCR

Bat? saevenaes

Theragcouple
Tesperaturs
9
R
199
2
zJa
439
N
3@
700
803
981

Hick Berihead

%

Difference

3.208
8.%qa
3.0C3
3.0
2,042
. 7o
2,00
2.220
9.329
8. 200
Q. 200

.20

EH71 CRL-

17-Sep-%4

AVERAGE DIFF
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E.T.5. INC.

¥ETER CONSOLE CALIBRATICN

Metar 30X Mouvevarnanes 11

THERMOCOUPLE WUMBER ]
Refarenca
Teaperature

[-~]

[0 I o SN g v g

e S =~ R B b
£
2

- G
(o)
[~
L=~

Calibration Perforsed By ..vvus.

Dost Test Calibration-Contract #\-

Pre-Test Caiibration-Contract 4=

Comments:

REFERENCEZ CRILERATOR
DATe Jiverasvennsoranones
Theraocoupl2 Bifierenca

Tesperature
3

el
i

100
209
3%
420
W0
602
769
40
301

Hick Berkhaad

b

"
rund

2,309
9300
%

2,060
9.000
)
P
3,320
&.309
200
. 720

.000

HHit CRL-A

{7-Sep-34

AVERARGE DIFF

J

r
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R
E.T.5. INC.

HETER CCNSOLE CALIBAATION FURM
detar Box Moou,eieainns 11 REFERENCZ CARIL3RATCR
THERMOCCURLE NUMBER B Datz ciiriviiiiiicicinaes

Rafarence  Tharaccouple  Difference

Tesperatyre Tesperature *
! 9 ] 9,008
2 32 3 . 029
3 129 128 2.300
3 200 229 . 200
3 208 209 9. 729
) 400 439 9. 00
7 =od 29 J.70
8 600 620 9. d0@
P 799 760 2,209
12 609 L] 2.000
11 a1 91 9,000
2.000

Caligration Perforaed By ....... Hick Jerkhead

Past Test Calibration—Contract #\-

Fre-Tzst Calitration-Contract 4~ —mMm—

Comments:

RETL CAL-X
17-3ep=94

AYERRGE DIFT




E.T.3. INC

METZR CONEOLE CRLIZRATION FORM

ol
Aeter 304 Ndvvvesannnes il
THESHMCTCUPLE NUMBER 7
Refarence
Teaperature
i [}
g 32
3 198
4 coa
z o
Y 430
7 ooe
3 L
3 70
12 200
11 50t

Calibraiion Perforsed 3y .vveess

Fost Tast Caitibpration-Cantrach ¥\~

Fre=Test Calibration-Contract 3-

Coanments:

ZEFERENCE CAIL3IRATOR #H71 CAL-H
DAbE sevsnriensnonsansves 17-320-%
Thersocoupis  Differanca

Teaperature %

9 2.200

K4 .22
133 2.900
220 9,000
200 2. 009
ST 3. 3898
o2 9,068
CE 9.2
T 3.900
&3 9. 202
9@ 8.020

0.228  AVERAGE DIFF
Aick Berkhead

‘






