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SRC TEST BURN PROGRAM
WHEELABRATOR-FRYE INC.
SUMMARY

The International Coal Refining Company (ICRC) is under contract
from the Department of Energy (DOE) to study the technical feasibility
and marketing potential of solvent-refined coal (SRC) fuels for oil-
fired.boi1er'appjicafions. The technical aspects of the boiler fuel
system conversion, combustion performance, and emission control system
performance were studied through—an SRC comhustion test program, con-
ducted at the Pittsburgh Energy Technology Center (PETC). Testing was
condhcted on the 700-hp watertube industrial boi]er, designed for oil
firing. Base-line data was collected by firing No. 6 fuel oil. Feasi-
bility data were obtained by firing three types of SRC fuels:
Pulverized SRC Solids, SRC Residual 0il, and SRC-Water Slurry.

The scope of work performed by the Air Pollution Control (APC)
Division of Wheelabrator-Frye Inc. (WFI) and WFI Sciences was as fol-
lows: (1) provide mobile electrostatic precipitator (ESP); (2) operate
and maintain the ESP; (3) provide a report on evaluation of ESP per-
formance; (4) provide a reverse air pilot filter (PF); (5) operate and
maintain the PF; (6) provide a report on evaluation of the PF per-
formance; (7) provide equipment and personnel’ for assessment of
partiéh]éte mass emissions ‘at- the ESP inlet and outlet and boiler
outlet; (8) provide a report on particulate mass emissions data; (9)
provide .equipment and personnel for.détermination of particulate mass
emissions from the existing pulse-jet baghouse (PJ) and (10) provide a
report on the PJ mass emissions.

Results from the ESP evaluation report indicate that the fly ash
from combustion of all three SRC fuels is easily removable by a conven-
tional dry ESP. A relatively small collecting area is needed to collect
the fly ash, but rapper reentrainment may necessitate a larger box. The
pilot ESP was not set up to minimize rapping reentrainment, which was
evident during the test program. "Full-size units can be designed to
minimize rapping reentrainment by varying the number of ESP fields, by
minimizing plate height, and by using a lTow rapping intensity.
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Results from the fabric filter feasibility evaluation report indi-
cate that the particulate emissions from SRC fuels combustion were
successfully controlled to less than 0.01 1b/106 Btu, well within the
particulate emission 1limit of the Federal Environmental Protection
Agency (EPA) New Source Performance Standard (NSPS) of 0.03 1b/106 Btu
for electric utility steam-generating units. The amount of controlled
particulate emissions from the SRC fuels combustion was equal to or less.
- than the controlled particulate emissions from the No. 6 fuel o0il com-
bustion. Thus, the SRC Test Burn Program clearly established that the
conventional fabric filters make a feasible control device for emissions
from SRC-fuel-fired boilers.

Results from the boiler emission report show that the uncontrolled
particulate emissions averaged 0.92 16/10% Btu for SKC Solids, 0.20
1b/106 Btu for SRC Residual 0i1, and 0.91 1b/106 Btu for SRC-Water
Slurry.

A detailed review of the findings of ESP and Fabric Filter studies
is provided in the reports submitted by Wheelabrator-Frye Inc. and WFI
Sciences for the SRC Test Burn Program.
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I. EXECUTIVE SUMMARY —_

The Solvent-Refined Coal (SRC) test burn program was conducted at
the Pittsburgh Energy Technology Center (PETC) located in Bruceton, Pa.
One of the objectives of the study was to.determine the feasibility of
burning SRC fuels in boilers set up for fuel oil firing and to char-
acterize emissions. Testing was conducted on the 700-hp oil-fired
boiler used for research projects. No. 6~fue1 0i1 was used for base-
1ine data comparison, and the following SRC fuels were tested: SRC Fuel
(puiverized SRC), SRC Residual 0il, and SRC-Water Slurry.

Uncontrolled particulate emission rates averaged 0.9243 1b/106 Btu
for SRC Fuel, 0.1970 1b/106 Btu for SRC Residual 0il, and 0.9085 1b/106
Btu for SRC-Water Slurry. On a 1b/106 Btu basis, emissions from SRC
Residual 0i1 averaged 79 and 78%, respectively, lower than the SRC Fuel
and SRC-Water Slurry. The Tower SRC Residual 0i1 emissions were due, in
part, to the lower ash content of the o0il and more efficient combustion.
The SRC Fuel had the highest emission rate, but only 2% higher than the
SRC-Water Slurry.

Each fuel type was tested under variable boiler operating para-
meters to determine its effect on boiler emissions. The program suc-
cessfully demonstrated that the SRC fuels could be burned in fuel oil
boilers modified to handie SRC fuels.

This report details the particulate emission program and resuits
from testing conducted at the boiler outlet located before the mobile
precipitator take-off duct. The sampling method was EPA Method 17,

which uses an in-stack filter.



IT. SUMMARY OF RESULTS

Table 1 summarizes particulate emissions data from the boiler
outlet sampling location. The data represent the arithmetic mean
average of all ~the tests conducted during each fuel burn. The par-
ticulate ;oncenfrétions'and emission rates are presented in both metric
and English units. ~ The concentrations and emission rates of partic-
ulates were based on filterable pantfcu]ate matter and exclude any
condensable particulate fractions. Southern Research Institute (SoRI)
and WFI jointly decided to exclude particulate condensibles, in order to
reduce the turnaround time between tests.

A1l of the results for each fuel burn are presented in detail in
Section V, Results. No tests were pérformed for the base-line o0il
testing. )

Table 1
Boiler Emission Summary

, PARTICULATE EM1SS10N DATA
TEST NO. OF ‘ FUEL - - CONCENTRATION EMISSION RATE
DATES TESTS TYPE s, b c d e 4 8 h 6
. ag/M Gr/ACF ag/° | Gr/pscP | wg/MR | Lb/MR | ng/3 18/)0%
10/29/82 19 Pulvurize 518 0.2263 | 1,063 | 0.4645 11.4 25.2 | 397.4 0.924)
through o SRC
11/19/82 : ) ' _ )
12/8/82 n sac 133 0.0607 09 | 0.1175 2.3 s.2- | se? 0.1970
through Residual
12/117/82 )
1/5/83 ' 13 SRC | s81 0.2538 - 1,218 0.5322 11.3 24.8 390.6 0.9085
through Water .
1/14/83 ’ Slurry
s Willigrams per cubic meter
b @raino par acteal cuble feet
¢ milligrams per standard cubic meter
d grains par dry standard cubic feet
e kilograms per hour -
f pounde per heur .
g osanograms per joule of heat input
b pounds per million BTU of hest 1iaput




III. INTRODUCTION

From Oétober 29; 1982 through January 14, 1983, particulate emis-
sion testing was conducted by WFI Sciences' field crew on the 700-hp
boiler at the Pittsburgh Energy Technology Center (PETC) in Bruceton,
Pa. The testing was conducted as part of International Coal Refining
Company's (ICRC) SRC-I combustion research project. The main objective
of the program was to acquire SRC-I combustion characteristics in the
700-hp oil-designed boiler for a data base line to use for optimization
and utilization 6f the SRC fuels on utility-sized hailers.

During the SRC Fuel, SRC Residual 0il, and SRC Water-Slurry fuel
burns, particulate emission testing was conducted at the boiler outlet
located before the mobile electrostatic precipitator (ESP) takeoff. All
of the boiler operating parameters were designated and monitored by
Southern Company Services, Inc. This report details the particulate
loading data for the boiler outlet and the sampling methodology used.



IV. PROCEDURES AND METHODOLOGY

Boiler Outlet
At the boiler outlet, sampling was conducted in two ports, located

90° apart in the 24 -in. idnner diameter (i.d.) circular duct (see
. Figures 1 and 2). The sampling train (see ngure 3) consisted of a
stainless steel nozzlei an in-stack alundum thimble; a heated stainless
stée] probe; an out-of-stack, heated, 47-mm fiberglass filter; a sample
line; a condenser; and a silica gel holder. A meter box containing a
pump, ca]ibbated.dry:gas meter, orifice, and inclined manometer followed
the sampling train. '

Samp1jng Procedure ,

‘ A1l sampling trains were set up and run according to EPA Reference
Method 17. Prior to testing, the train was assembled using tared filter
media and then leak-checked at 15-in.‘Hg vacuum. After the train was
found to be leak-free, ice was placed around the condenser to keep the
sample gases below 68°F during the tests. The probe was then placed and
the pressure differential (AP) recorded. The orifice differential (4H),
required to maintain an isokinetjc rate of 100 & 10%, was then cal-
culated using isckinetic samp]iﬁg equations. This was done at each
sample point. At the conc]usibh of the test, the sampling train was
leak-checked at the highest vacuum attained during the test run.

Sample Recovery

At the end of the test run, the sampling train was removed from the
stack, leak-checked, and moved toAthe cleanup area. The sample frac-
tions were recovered as follows:

EO__l_ The alundum thimble was remaoved from its holder, capped,
and placed in its identified container and labeled. )

- No. 2. The 47-mm fiberglass backup filter was removed from its
holder and placed along with any 1oose filter fibers into its 1dent1f1ed

container and labeled.



Figure 1

Boiler Qutlet Sample Location
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Figure 2
Boiler Outlet Sample Location
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No. 3. The nozzle and probe sample was recovered by rﬁhsing with
acetone from a wash bottle and brushing. The nozzle and probe were
rinsed until no particles were visible in the rinse. The sample was
stored in a polyethylene sample bottle and labeled. '

No. 4. An acetone blank was taken. A

No. 5. The condensate in the condenser was measured to the nearest
milliliter and discarded.

No. 6. The silica gel was weighed to the nearest 0.5 g and dis-

carded.

Sample Analysis o
No. 1. The alundum thimble was dried in an oven at 105°C far 2 tn

3:hr, cooled in-a desiccator, and weighed to a constant weight.

No. 2. The 47-mm fiberglass backup filter was dried in an oven at
105°C for 2 to 3 hr, cooled in a desitcator, and weighed to a constant
weight.

No. 3. The acetone nozzle rinse was measured, transferred:-to a
tared 250-mL beaker, evaporated to dryness, desiccated for 24 hr, and
weighed to a constant weight.

No. 4 (Acetone Blank). The acetone blank was treated in the same

manner as the. nozzle rinse.. A correction was then made in the rinse

sample tu account for any acetoné contamination.



V. RESULTS

Table 2 summarizes the boiler outlet sampling data, including
sample times, gas sample volumes, and isokinetic sampling rates. These
data are integrated by the fuel burn type. Table 3 presents the flue
gas parameters including % QOZ, % 02, % moisture, and gas flow rates.
Table 4 presents the particulate emission data, including particulate
concentrations and emission rates. All tables present parameters in
both metric and English units, where applicable. Table 5 summarizes the
loss on ignition (L.0.I.) data for the particulate samples taken, and
Table 6 1lists fuel and flue gas analyses for each of the SRC fuels.

Results are discussed in Scction VI.
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Bbiler.dutlétzsampling Data: §RC-Euel Firing Series

Table 2 -

: WFI BOILER SAMPLE TIME GAS SAMPLE ISOKINETICc

DATE TEST . | - TEST 24 Hr. Clock Total Test VOLUME SAMPLING

NO. "NO. Start Finish'] Time-Min. 33. b RQTE
: M DSCF

10-29-82 | BO-1 :1029-1* 11:21 13:13 120 1.638 57.857 79.3
10-29-82 | Bo-2 | 1029-2* 18:43 - 20:12 120 1.496 52.810 68,2
11-1-82 BO-3 1101-1* 13:50 15:56 120 2.122 74.926 106.3
11-1-82 BO-4 1101f2k 17:31 20:06 120 2.2€4 79.954 103.9
11-3-82 BO-5 11103-1* 15.58 17:31 84 1.560 55.087 99.7
11-4-82 BO-6 1104:1* 11:51 13:55 120 2.248 79.387 95.5
11-15-82 | BO-7 111571* 8:58 11:01 120 2.264 79.937 101.7
11-15-82 | BO-8 IllSr2* 18:00 19.54 107 2.037 71.942° 95.3
11-16-82 | B0o-9 | 1116-1" 9:03 11:07 120 2.38) 84.036 105.2
11-16-82 | BO-10 1116—2* 16:38 17:03 25 0.525 18.530 94.9
11-16-82 | BO-11 lll6—3*: 18:43 19:26 43 0.919 32.463 96.5

11-17-82 | BO-12 1117-1* 8:50 10:54 120 2.513 88.818 103.6'_
11-17-82 | BO-13 1117—2* 14:44 16:51 120 2.513 88.724 100.5
11-18-82 | BO-14 1118—1* 14:22 16:25 120 2.409 85.059 98.6
11-18-82 | BO-15 1118—2* 17:02 19:07 120 2.572 90.806 97.1
11-19-82 _30-16 1119;1* 8:37 10:34 120 2.35¢ | 83.208 99.4
11-19-82 | BO-17 1119—1* 11:53 12:01 8 0.13¢ 4.909 86.1
11-19-82 | Bo-18 lll9-2* 12:41 14:47 120 2.314 | 81.727 98.3
11-19-82 | BO-19 lll9-3* 15:46 17:52 120 2.461 86.913 96.8

* gteady state
a cubic meters
b dry standard
¢ 7% isokinetic

test

at standard conditions (20°C ard 760 mm Hg)
cubic feet at standard conditions (68°F and 29.92" Hg}

= velocity of gases entering nozzle =

velocity of approaching stack gases Vs

Vo 4 100
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Table 2 (Continued)
Boiler Outlet Sampling Data:

SRC Residual 0il Firing Series

WFIL BOILER SAMPLE TIME GAS SAMPLE ISOKINETIC

DATE TEST TEST 24 Hr. Clock Total Test 3 VOLUME SAMPLING
NO. NO. Start Finish Time-Min. M DSCF R@?E
12-8-82 BE0-20 1208-f* 10:22 12:31 120 1.985 70.103 104.5
12-8-82 E0-21 1208-;* 14:58 17:04 120 1.888 66.663 103.2
£12-9-82 BO-22 1209-f* 9:00 11:07 120 2.231 78.768 102.4
12-9-82 B0-23 1209-;* 13:23 15:30 120 2.199 77.668 102.8
12-10-82 | 380-24 1210—: 11:49 13:56 120 2.001 70.670 104.4
12-10-82 | BO-25 1210—; 14:27 17:19 120 2,051 72.440 107.1

12-13-82 | BO-26 1213;f 11:06 13:14 121 1.980 | 69.903 105.2
12-13-82 | B0-27 1213-; 14:13 16:23 120 J 1.943 68.596 102.8
12-14-82 | B0-28 1214-; 9:00 11:09 120 1.922 67.879 103.7
12-14-82 | B0-29 1214—; 12:00 14:07 120 1.971 1 69.588 105.2
12-14-82 | BO-30 1214-; 15:30 17:40 120 1.944 68.656 103.4
12-15-82 | BO-31 lZlS-f 8:58 11:04 120 1.972 69.653 105.3
12-15-82 | BO-32 A1215-; 11:34 13:41 120 1.951 68.879 102,.6
12-15-82 | BO0-33 1215—; 14:15 16:22 120 1;964 69.365 103.7
12-15-82 | BO-34 1215—;* 17:10 18:14 60 0.910 32.126 106.7
12-16-82 | BO-35 1216—; 8:34 10:40 120 1.954 68.998 103.3
12-16-82 | BO-36 1216—; 11:15 13:20 120 1.923 67.892 102.6
12-16-82 | BO-37 1216—§* 16 :00 18:05 120 2.150 75.928 101.0
12-17-82 { BO-38 1217-; 9:21 11:28 120 1.934 68.304 102.8
12-17-82 1} BO-39 1217—; 11:52 13:57 120 1.919 67.776 101.1
12-17-82 | BO-40 1217-; 14:3) 16:38 120 1.923 67.902 103.4

* gteady state test
** parametric test



Table 2 (Continued)
Boiler Outlet Sampling Data: ‘SRC-Water Slurry Firing Series

21

WFI | BOILER SAMPLE TIME GAS SAMPLE | ISOKINETIC
DATE | TEST | TEST 26 Wr. Clock Total Test 5 VOLUME SAMPLING -
NO. NO. Start Finish Time-Min, M DSCF | : R%TE
1-5-83 B0-41 | 0105-1""  10:24 12:34 120 2.108 | 74.438 98.0
1-6-83 Bo-42 | 0106-1""|  8:39 | 10:49 120 2.117 | 74.763 © 100.2
1-7-83 0-43 | 0107-1™" - 9:01 10:31 | 84 1.393 | 49.194 | 99.2 -
|1-7-83 BO-44 | 0107-1""|  11:16 12:45 | 84 © 1.360 | 48.028 T 91.6
11-7-83 B0-45 | 0107-2"*|  15:3:1 16:46 | 60 - 0.966 | 3.121 | 101.5
1-10-83 BO-46 | 0110-1"" 8350 10:59 120 2.086 73.676 . 95.5.
1-10-83 | BO-47 |o110-2""| - 12:53 15:27 123 2.144 | 75.69 : 9.4
f1-11-83 | B0-48 | 0111-1" . 8:48 10:54 120 C2.a21 | 9 112,0
1-11-83 | B0-49 |0111-2" 11:31 13:38 120 2.015 | 71.146 103.5
1-12-83 | B0-50 | 0112-1" 8:57 11:02 120 1.956 |  69.059 99.8
1-12-83 | B0-51 |0112-2" 12:10 | 14:15 120 1.970 | 69.570 102.6
1-13-83 | Bo-52 |o0113-1" 8:07 10:13 120 1.994 | 70.410 100.4
1-13-83 | ' B0-53 Jo113-2" | 10:s | 1251 b 120 1.953 | 68.962 © 98.9
1=14-83 | BO-5% | 0114-1 8:22 10:28 | 120 1.889 | 66.695 '103.8
1-14-83 | BO-55 |0114-2" | 11:13 | 13:20 | 120 1.926 | 68.029  96.8

* gteady state test
** parametric test
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Boiler Outlet Flue Gas Data:

table 3

SRC Fuel Testing Series
T
DATE WF1 ' BOILER{  PERCENT PERCENT CAS STATIC STACK GAS GAS FLOW RATES
TEST |TEST | By Volume Excess |MOISTURE DENSITY PRESSURE TEMP. VELOCITY
NO. NO. CO2 0z Atr BY VOLUME| a 3 b 3 €, d 0® of R h 1 3 k 1
KgM Lb/FT | Glom ’__u C F_|cm/SEC FPM ACMM ACFM  DSCMM DSCFM
10-29-82 |80-1 |1029-1} 14.6 4.4 | 25.9 5.6 .628 |.0392 |-23.6 | -9.3 280{ 537} 1,895{ 3,731 332} 11,721} 158 | 5,591
0-29-82 |B0-2 |1029-2| 13.6 16.0 | 39.4 6.4 .613 |.0383 |-18.8 | -7.4 291| 556 2,062( 4,060{ 361 12,755] 168 |{ 5,931
1-1-B2 po-3 | 1101-1 12,8 |5.0 ] 29.9 6.2 .639 |.0399 ]-19.3 | -7.6 265] 510 1,759| 3,462 308] 10,870f 150 | 5,298
11-1-82 (Bo-4 | 1103-2] 12,3 15.9 ]| 37.¢ 6.7 .628 |.0392 |-20.8 | -B.2 273 523| 1,994| 3,925] 349} 12,325 167 | 5,888
11-3-82 se—s 1103-1} 12.6 {5.6] 35.0 6.2 .612 }.0382 ]-17.8 i -7.0 2871 549] 2,096} 4,127} 2367} 12,958| 171 | 6,047
11-4-82 Bo-6 | 1104-1} 13.2 {5.4 | 33.5 5.3 .644 1.0602 ]-19.5 | -2.7 262] 503] 2,099| 4,132] 2367| 12,974} 181 | 6,387
1-15-82 {Bo-7 | 1115-1} 12.2 [6.4 | 42.4 6.0 .647 ].0404 }+21.1 | -8.3 262} 503] 1,967] 3,873} 344| 12,167] 171 | 6,024
1-15-82 |so-8 | I115-2} 11.2 |7.0147.9 5.5 .645 [.0403 {-20.5 | -8.1 263] 506) 2,109] 4,152] 369} 13,043] 184 | 6,488
1-16-82 |Bo-9 | 1116-Y 12,0 ]16.8 | 46.4 5.6 .647 |.0404 |[-20.8 | -8.2 261 502| 1,992{ 3,922! 349} 12,320{ 173 ] 6,119
1-16-82 }B0-1G | 1116-2] 12.0 |6.8 | 46.4 3.1 .647 |.0404 [-19.0 | ~7.5 265] S10] 2,311] 4,549] 405{ 14,291 203} 7,175
1-16-82 | Bo-1% § 1116-% 11,0 |7.8}57.2 5.7 .634 1.0396 |-18.5 [ -7.3 269] 517] 2,382 4,689 417} 14,732| 204 { 7,194
1-17-82 | B0-12 | 1117-Y 131.8 }8.0] 60.7 5.8 .641 |.0400 |[-20.0 | -7.9 266] S11) 2,162} 4,256] 379 13,371] 186 | 6,567
1-17-82 [B0-13 | 1117-2 11,8 [6.8} 46.3 6.4 .647 ].0404 |-20.5 | -8.1 258! 497{ 2,209 4,3B| 387} 13,658| 191 | 6,762
1-18-82 | Bo-14% { 1118-) 0.8 8.0 59.5 6.5 .647 |.0404 }-15.2 ) -6.0 260] s00] 2,155 4,243| 377} 13,331] 187 | 6,608
1-18-82 | B0o-15 | 1118-3 11.8 {7.0 | 48.5 5.5 .634 }.0396 |-12.7 | -5.0 276) 529 2,37? 4,680] 416 14,702] 203 | 7,167
1-19-82 | Bo-16 | 1119-4 13,0 |6.6 ] 45.1 6.4 .658 {.0411 {-20.8 { -8.2 253] 488] 2,074 4,077 363} 12,807] 182} 6,413
1-19-82 | Bo-17 | 1119-% 13.0 [6.6 | 45.1 7.1 .636 |.0397 [-20.5 | -B.1 270{ 518) 2,204 4,331} 385} 13,608] 185] 6,551
1-19-82 | Bo-18 | 1119-1 11.4 {7.0] 48.1 6.8 .650 |.0406 [-19.5 | -7.7 254 490{ 2,073 4,079 363{ 12,815| 180! 6,369
1-19-82 | B0-19 ] 1119-3 11.4 [ 7.0 48.1 6.1 .628 |.0392 |-19.8 | -7.8 .275| 528| 2,267 4,462 389{ 13,746] 195| 6,882
a kilograms per cubic meter g8 centimeters per second
b pounds per cubic feet h feet per minute
¢ grams per square centimeter i actual cubic meters per minute
d 1inches of water jJ actual cubic feet per minute
e degrees centrigrade k dry ssandard cubic meters per minute
f degrees fahrenheit at 68 F and 29.92" Hg

=3

dry standard cubio feet per minute

at 68°F and 29.92" Hg
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Boiler Outlet Flue Ga

Table 3 (Continued)

s Data: SRC-Water Slurry Fir{ng Series

‘ WL | BOILER| PERCENT CAS STATIC STACK GAS GAS FLOW RATES
DATE | TEST| TEST [y Volume Excess| PERCENT |  CENSITY PRESSURE TR | vEmoCITY
- ve. | W 0, 0, M pIOLSTURE Kg/M3  Lb/FB|G/em?2  IN. WG [9C ®F |cm/SEC FPM| ACMM ACPM  DSCMM DSCPM
B-5-83  [Bo-41| o135-1{ 14.4 3.4 [18.6 [ - 10.7 | .558 | o411 { -17.2 | -6.8 |248 {e78| 1944 [3826 | 341 | 12,003 165 | 5,835
-6-83  [B0-42| ome-1f w.of.r|23.4 | 113 }lser | .os06 | -22.6 | -8.9 |247 {e2e| 1946 [3831 | 361 | 12,060] 162 5,7m
-7-83  |B0-43| 017-1] 14.0(3.6 119.8 | 11.3 | .657 | .0410 | -22.6 | -8.9 |235 |ess| 1823 [3ses | 320 | 11,2064] 154 | 5,440
-7-83  [B0-44| 0197-1]13.8.0 22,6 | 10.7 | .639 | .0399 [ -22.6 | -8.9 |250 |ame| 1848 [1638 | - 324 { 11,452] 153 5,397
~7-83  [80-45| 0107-2) 14.83.0 |16.0 | 10.7 | .639 | .0399 | -24.4 | -9.6 |250 |aes| 1776 J3a92 | an1 | 10,90a] 146 | 5,163
-10-83 . |B0-46 | or10-1{ 14.0f5.0 [30.5 | 10.7 | .e45 | .0603 | -13.7 | -5.4 |249 |48o| 2009 |39sa | 352 | 12,489 168 | 5,919
-10-83 |B0-47] o0110-2 | 13.2}.0{22.6 | 10.5 | .31 | .0094 | -13.7 | -5.4 [259 [a99( 2076 Jsos? | 364 | 12,867 170 | 6,009
-11-83 {B0-48| OLl1-1]13.0(%.0 [22.3 | 10.1 | .63t | .0394 | -23.3 | -9.2 f2s2 |48s| 1767 |78 | 310 | 10,950] 1as| 5,13
-11-83 [B0-49| o111-2{ 14.0h.0 22,7 | 12.2 | .633 | .0395 | -23.6 | -9.3 249 |4sn] 1847 {3636 | 326 | 11,466] 149 . 5,279
-12-83 |Bo-so| o1:2-1[13.8k.0 |22.6 | 10.5 |.e8s | .0427 | - 6.8 -2.7 [228 |wa3} 1697 {330 | 208 { 10,516] 150 | 5,314
-12-83 (B0-51) 0112-2)14.8[3.6 J20.1 | 11.8 | .e53 | .o408 | - 6.3 | -2.5 |251 |aBa] 1762 j3469 | 309 | 10,921 147 ] 5,204
1-13-83  |so-s52| e113-1{14.0 k.0 |22.7 9.8 | .e44 | .0a02 | -26.1 | -9.5 |253 |am3| 1822 |3s87 | 320 | m1,201] 152 | 5,385
3-13-83 |80-53} on13-2|w3.sk.3 j24.7 | 11.8° | .e4s | .0405 | -23.8 | -9.4 [243 faz0] 1816 [3575 | 319 | 11,255] 51| s,3s0-
-14-83. [p0-s4| o104-1}m3.4 k.2 }23.9 | 16 | .e65 | L0415 | - 6.8 ] -2.7 |233)as1) 1630 |3208 | 286 | 10,009] 140 | 4,935
-16-83 |80-55| o1t4-2 [ 3.6 .8 f21.0 | 14 |.es3 | .os08 | - 6.1 | -2.4 263 |4z0] 1815 fas3a | 3a9 | 11,253 153 | 5,307
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Table 3 (Continued)
Boiler Outlet Flue Gas Data:

SRC Residual 0il Firing Series

wFl | BoILER L PERCENT CAS STATIC STACK CAS GAS FLOW RATES
DATE | TEST | TEST Py Volume Excess| PERCENT DENSITY PRESSURE TEMP VELOCITY

No. | NO. €0, 0 Atr | WOISTURE| xofu® Lp/rr’|Gleca® TN, W °c °F #m/sac FPM |AQDM ACPM  DSCMM  DSCPM
12-8-82 | B0-20 J1208-1 | 15.4}3.2) 17.5 9.5 | .689| .0430 | -25.6 | -10.1)23s [455 |1,635{3,219 |287 | 10,130] 146 | 5,149
12-8-82 | 80-21 J1208-1 | 15.4}2.6] 13.6 9.8 | .666| .0616 | -26.1| -10.3|250 |483 [1,627] 3,203 {285 | 10,080 140 | 4,957
12-9-82 | 80-22 {1209-1 | 13.0{4.8] 28.4 9.3 | .668| .0417 |-26.6 | - 9.7)260 |465 |1,907) 3,755 |335 | 11,820| 167 | 5,902
12-9-82 | 80-23 |1209-2 | 13.65.4] 33.8 8.6 | .674| 0421 |-26.6 | - 9.7 (239 [463 |1,855| 3,652 |325 | 11,493 164 | 5,801
12-10-82 | B0-26 J1210-1 | 14.8]3.2| 17.3 10.1 | .655] 0409 |-25.9 | -10.2 244 {471 {1,733] 3,410 [304 | 10,736 | 147 | 5,198
12-10-82 | B9-25 [1210-2 | 15.0]3.0) 16.1 9.7 | .657] o410 |-25.9 1 -10.2 |235.{ass |1,695]3,336 [297 [ 10,500{ 147 | 5,192
12-13-82 | B0-26 1213-1 | 15.0{3.2] 7.4 1.0 | .6711] o419 |-18.3 | - 7.2)239 |462 | 1,648 3,245 | 289 | 10,213] 143 | 5,059
12-13-82 | Bo-27 {1213-2 | 14.8(3.4] 18.7 10.1 | .623| .0389 [-18.3| - 7.2 |241 466 |1,679] 3,306 |295 | 10,406 | 145 | 5,121
12-14-82 | B0-28 |1214-1 | 14.7{3.8] 21.4 10.3 | .657| 0410 |-26.4 | -10.4 {243 {470 | 1,676 3,300 |294 | 10,385 ] 142 | 5,028
12-14-82 | 89-29 i216-2 | 14.6)3.4} 18.6 9.6 | .653| .os08 |-25.9 | -10.2 {247 [a76 |1,691] 3,328 [297 | 10,678 | 184 | 5,076
12-14-82 | B0-30 1214-2 | 14.44.1] 23.5 10.1 | .6s57] .o410 | -25.6 | -10.1)243 |470 | 1,694 3,335 {297 | 10,497 144 | 5,094
12-15-82 | p0-31 1215-1 | 14.0(4.0] 22.7 10.1 | .e60| .0412 {-25.9{ -10.2 239 {463 | 1,676| 3,300 | 294 | 10,385 | 148 | 5,076
12-15-82 | 80-32 1215-2 | 14.4[3.6] 19.9 9.8 | .669| .0418 |-25.6 [ -10.1 {233 |452 |1,676] 3,299 |294 | 10,382] 146 | 5,153
12-15-82 | 50-33 1215-2 | 14.83.2) 17.3 10.3 | .653| .o408 | -25.6 | -1c.1|24s 474 [ 1,721 3,388 {302 | 10,662 145 | 5,13
12-15-82 | B0-34 [1215-3 | 14.4{3.4 18.6 12.1 | .658] .os10 |-38.1 | -1= |231 Jass | 1,554] 3,060 {273 ] 9,631 131 | 4.620
12-16-82 | 80-35 [1216-1 | 12.0{6.4 | 42.3 9.8 | .645| .0403 | -24.6-] - c.7)244 472 [ 1,715] 3,377 | 301 | 10,628 145 | 5,128
12-16-82 | B0-36 |1216-2 | 14.2]4.2] 24.2 9.9 |.645] .0603 |-24.6 | - #.71248 |479 | 1,716{3,378 |301 | 10,630] 144 | 5,088
12-16-82 | B0-37 J1216-2 | 14.0]4.0| 22.7 9.3 | .es7| .oar0 | -21.3 | - 8.4 {242 {468 {1,904] 3,748 | 336 | 11,796 | 163 | 5,767
12-17-82 { B0-38 J1217-1 | 15.8]3.0] 16.3 9.7 | .700] 0437 |- 1.5 | - 9.6]227 Jaa1r |1,595| 3,140 [280 | 9,882 148 | 5,099
12-17-82 | 80-39 1217-1 | 14.2]4.0| 22.7 9.9 | .692| .0432 |- 1.8 | - 2.7)229 Ja4s | 1,620| 3,190 | 284 | 10,039 146 | 5,146
12-17-82 | Bo-40 f217-2 [ 15.4]2.8! 14.9 10.2 | .698( .0436 |- 2.0 | - 0.8(227 |440 [1,585 3,120 |278 | 9.818] 143 | 5,039

L
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Table 4 . o
Boiler Outlet Particulate Emission Data: SRC Fuel Testing .'Se-ri'e"s N

sPemoe

milligrams per cubic meter
graina per actual cublc feet

nilligramas per standard cubic meter

graing per dry standard cubic feet
at 68 F and 29.92" Hg

-0

pound

per hour

DATE 'WFI BOILER|  TOTAL : » : . o
TEST TEST COLLECTED PARTICULATE CONCENTRATION o PARTICULATE EMISSION RATES
NO. NO. MASS b c d . e -8 - he 1 .
¢ ' mg.«’ Gr /ACF -gM] Gr DSCF i‘Kg‘/'H‘R' _g‘.b,ﬂk " ogll - Lb/lo" BTU
10-29-82° | so-2  |1029-1 | 3.0683 891 | 0.38% | 1,869 | 08167 | 12.8 | 9.2 ] e13.6 | 1.6270
10-29:82 - |'80-2 - [1029-2 | 1.6300 s06 | o.2210 | 1,087 | 0.a753 | 110 | 26.2 : 3955 | o.9197
11-1-82 | Bo-3" |no1-1 | 2.55n s86 | o.2562 | 1,202 | 05255 10.8 | 23.9 | 407.0 | o0.9466 . |
i1-1-82 © " [78o-4 - [noi-2 | 2.4380 513" ) 0.2263 | 1,07 | 0:4696 | - 10.7 | 23.7 | 3681 0.9025
ii-3-82 [ so-s 11031 | 1.89ce se6 | 0.2473 | 1,212 | o0.5297 | azis|-20.5 | a29.2-1 0.9981
11-4-82" Bo-6 |1104-1 | 2.3485 513 | 0.2243 f 1,002 [ 0.as56 | 1.3 ]726.9 | 364.3 | 0.8473
11-15-82 - | Bo-7  [1115-1 | 2.40%3 525 | 0.2296 | 1,060 | 04634 | 10.9°| 26.0 | 396.1] 0.9213
11-15-82° * | po-8  [1115-2 | 1.5165 369 | o.ters | ze3 | 03266 | sz | 1810 | 2895 | 0.6733
11-16-82 ° | B-9  |1116-1 | 1.7852 w2 | 0625 | g | 0.32m 1.8 17.2 | 28256 .| o.ce89 |
11-16-82 | Bo-i0 |1116-2 | o0.4689 ° 8 |'0.1957 | 892 | - 0.3897° | 10.9 | 24.0°| 3426 .| .0,7967 .
11-16-82 | Bo-11" [1116-3 | 0.6719 3s6 -| 01557 | v 729 | o387 |- ss | 19.7 | 3o1.6.| o0.70i8
; hr-12-82 |01z Jiur-1 | 2.1958 428 | 0.1871 870 | o0.0008 | . 9.7 | 21.6 | 36s.8 | 0.8507
hr-s2’ {eo-1y -2 | 207683 see | 0.2379 | 1,099 | o.8os | 12.6 | 20.97 | G22.4 | ‘0.9824 -
fri-18-82- | Bo-14 [1118-1 | 1.984s 407 | 0.1781 822 | 0.1593 [ 9.2 | 20.6 | 345.3 | o0.80%0 -
1-18-82 B0-15 |1118-2 | 2.2705 429 | 0.1877 881 | o0.:851-) 10.7 | 237 | 343.4 | 0.7986
11-19-82 Bo-16 [1019-1 | 2.0918 st | 0.1939 886 | 0.1872 9.7 | ‘2.3 .| 335.6 | 0.7806
1-19-82 . |so-1r Jims-t | 03333 {aast | o.so29 | 2,390 | r.aeer | 263 | se.8 | s0s.2 | 21069
11-19-82 B0-18 |1119-2 | 1.8536 198 | 0.1738 800 | 0.%9a 8.7 | 19.1 | 3m.9 | o.725
11-19-82 B0-19 [1119-3 | 1.9355 393 | 0.7 186 | 0.3:29 9.2 | 20.3 | 2305.8 | 0.7113.
grams k{lograms per hour

nanograms per joube
pounds per mtllion BTU's of
heat {nput
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Boiler Outlet Particulate Emission Data: SRC Residual 0il Firing Series .

Table 4 (Continued)

WFL

BOILER -

DATE TEST Test | coLbecrep PARTICULATE CONCENTRATION PARTICULATE EMISSION RATES
No. No. MASS ) 3 6
c ng/M C/ACF  mg/M Ge/DSCF | Xg/HR  Lb/HR  ogld  Lb/10® BT
12-8-82 | B0-20 | 1208-1 | 0.7887 202 0.0881 | 396 01733 | 3.5 | 7.7 | 1210 | o.2815
12-8-82 | B0-21 | 1208-2 | 0.7080 184 0.0804 | 37 0.1636 | 3.2 7.0 | 110.5 | o0.2570
12-9-82 | B0-22 | 1209-1 | 0.6397 143 0.0625 | 286 0.1251 | - 2.9 6.3 | 96.1 | o0.2235
12-9-82 | Bo-23 | 1209-2 | 0.4306 99 0.0431| 195 0.085 | 1.9 8.2 | e8.1 | 0.1584
12-10-82 | bo-26 | 1210-1 | o0.4194 101 0.0642 | 209 0.0914 | 1.9 4.1 | 63.8 | 0.1484
12-10-82 | B0-25 | 1210-2 | 0.5417 130 0.0569 | 263 o.1152 | 2.3 s.1 | 79.5 | o.1850
12-13-82 | B0-26 | 1213-1 | 0.3682 92 0.0402 | 185 0.0811 | 1.6 3.5 | s6.7 | o.1318
12-13-82 | B0-27 | 1213-2 | 0.3521 89 0.0389| 181 | _o0.070 | 1.6 3.5 | ss.8° | 0.1299
12-14-82 | B0-28 | 1214-1 | 0.6138 154 0.0674 | 319 0.1393 | 2.7 6.0 | 100.7 | o0.2342
12-14-82 | B0-29. | 1214-2 | o0.5860 144 0.0629 | 297 0.1297 | 2.5 5.6 | 916 | 0.2131
12-14-82 | B0-30 | 1214-2 | 0.5389 134 0.0587| 2717 0.1200 | 2.4 s.3 | 89.0 | o.2069
12-15-82 | B0-31 | 1215-1 | o0.5099 126 0.0551| 258 0.n27 | 2.2 4.9 | 825 [ o.1918
12-15-82 | B0-32 | 1215-2 | .0.3995 101 0.0443| 204 0.6893 | 1.8 3.9 | 63.8 | 0.1484
12-15-82 | B0-33 | 1215-2 | o.4850 | 119 0.0519| 246 0.1077 | 2.1 «.7 ) 75.2 | 0.1750
12-15-82 | B0-34 | 1215-3 | o0.3926 207 0.0903| 431 0.1882 | 3.4 7.5 | 132.9 | 0.3092
12-16-82 | B0-35 | 1216-1 | 0.5420 133 0.0583| 277 0.1210 | 2.4 s.3 | 103.1 | 6.2398
12-16-82 | B0-36 | 1216-2 | o.s5715 142 0.0620] 296 0.1296 | 2.5 5.6 | 96.0 | 0.2233
12-16-82 | B0-37 | 1216-2 | 0.3061 69 0.0304] 142 0.0621 [ 1.4 3.1 | 45.6 | 0.1056
12-17-82 | B0-38 | 1217-1 | 0.4983 133 0.0580] 257 0.1123 | 2.2 s.9 77.6 | o0.1805
12-17-82 | B0-39 | 1217-1 | 0.5060 135 0.0589| 263 o.mso | 2.3 | ‘s | ser | o0.1956
12-17-82 | Bo-40 | 1217-2 | 0.5505 147 0.0641| 286 0.1249 | 2.4 5.4 85.3 | 0.1984
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Boiler Qutlet Particulate Emission Data:

Table 4 (Continued)

SRC-Water Slurry Firing Series

WF1 | BOILER | TOTAL :
[DATE TEST | TEST |COLLECTED. PARTICULATE CONCENTRATION PARTICULATE EMISSION RATES

M. | we. MASS :

S G ag/i Cr/ACY  mg/¥ cr/pscF Kg/mk | Lb/uR  sg3  Lwio® pru

1-5-83; | Bo-43 | oros-1 | z.5523 s65 | o.2s58 | 1208 | 0.5280 ] 12.0 | 26.4 | 375.3 | o0.8727
1-6-83 | ‘Bo-«2 | owwe-1 | 2,406 | 538 | 0.2356 | 133 | 04953 ] 11.0 | 264 | 36.7 | o0.8527
1-7-83 p0-43 | 0107-1 |.1.6767 s78 |~ o0.2528 | 1201 0.5248 | 11.1 |-24.5 | 377.4 | 0.8776
1-7-83 Bo-44 - | 0107-1" | 2.0396 05 ') '0.3082 | 1496 | " 0.6539 | '13.7 | "30.3 | 4811 | 1.1188
1-7-83 B0-45 | 0107-2 | 1.2232 | 393 0.2593 | 1263 { o0.5521{ 11,1 | 26.5 | 383.6 | o.8921
1-10-83 | Bo-46 | o110-1. | 3.0508 694 0.3032 | 1459 { 0.6377 | 14.7 | 32.4 | 498.8 | 1.1601
1-10-83 | B0-4? |.-0110-2 | 2.6353 573 0.2503 { 1227 | 0.5362 [ 12.6 | 22.7 | 39.6 | o0.9177
1-11-83 | Bo-48 | o1n1-1 | 2.4096 31 0.2323 | 1133 | 0.495% | 9.9 | 21.8 | 364.6 | o0.8479
1-11-83 | 8049 | o111-2 | 2.8080 ¢4l 0.2802 { 1391 0.6079 | 12.5 | -27.5 | &47.4 | 1.0404
1-12-83 | Bo-s0 | oi12-1 | 2.3868 615 0.2690 { 1218 | 0.5323 [ 11.0 | 24.3 | 391.7 | o0.9109
j1-12-83 | Bo-s1 | oi12-2 | 2.0913 =05 0.2206 | 1059 | 0.4629 | 9.4 | 20.7 | 332.8 | o0.7700
1-13-83 | B0-52 | o113-1 | 1.9381 463 0.2022 | 970 | 0.4239 | 8.9 | 19.6 | 312.0 | 0.725
1-13-83 | BO-53 | 01132 | 2.0331 49 0.2158 | 1039 | 0.45%0 | 9.5 | 20.9 | 30.2 | o0.7912
1-14-8) | B0-Sé | o114-1 | 2.3217 £99 0.2619 | 1227 0.5361 | 10.3 | 22.7 | 399.2 | o0.9285
f-14-83 | o-ss | onns-2 | 2.3970 595 0.2602 | 1241 0.5626 | 11.4 | 25.1 | 394.7 | 0.9179




Table 5
Boiler Outlet Loss on Ignition Data

61

SRC SOLIDS TESTING SERIES SRC RESIDUAL OIL FIRING SERILES SRC SLURRY FIRING SERIES
DATE TEST # L.0.1.  DATE TEST # L.0.I. | DATE TEST ¢ L.0.1.
10-29-82 BO-1 95.4 12-8-82 - BO-20 88.5 | 1-5-83 BO-41 75.5
10-29-82  BO-2 90.5 12-8-82 BO-21 " 90.1 | 1-6-83 BO-42 71.6
11-1-82 - BO-3 93.9 12-9-82 B0-22 825 | 1-7-83 B0-43 70.0
11-1-82 BO-4 93.3 12-9-82 ~ B0-23 74.0 | 1-7-83 BO-44 71.2
11-3-82  BO-5 78.6 12-10-82 BO-24 82.9 | 1-7-83 BO-45 64.9
11-4-82  BO-6 - 90.1 12-10-82 BO-25 81.4 | 1-10-83 BO-46 69.5
11-15-82  BO-7 . 92.8 12-13-82 BO-26 79.6 | 1-10-83 BO-47 68.7
11-15-82  BO-8  89.8 ' 12-13-82 B0-27 77.7 | 1-11-83 - B0-48 63.2
11-16-82  BO-9 92.6 .~ 12-14-82  B0-28 87.5 | 1-11-83 BO-49 65.4
11-16-82  BO-10 ° 92.2 12-14-82 B0-29 87.4 | 1-12-83 BO-50 69.1
11-16-82  BO-11 92.5 12-14-82 B0-30 86.5 | 1-12-83 BO-51 64.8
11-17-82  BO-12 90.5 12-15-82 BO-31 86.1 | 1-13-83 BO-52 70.0
11-17-82  BO-13 9.1 . 12-15-82 BO-32 88.3 | 1-13-83 BO-53 - 1.4
11-18-82  BO-14 77.5 12-15-82 B0-33 86.1 | 1-14-83 BO-54 4.2
11-18-82  BO-15 - 87.2 12-15-82 BO- 34 91.1 | 1-14-83 BO-55 81.1
11-19-82°  BO-16 88.2 12-16-82 BO-35 87.5
11-19-82  BO-17 93.7 12-16-82 _ BO-36 | 88.7
11-19-82  B0-18 84.7 12-16-82 BO-37 87.5
11-19-82  BO-19 - . 838 12-17-82 BO-38 . 88.2
. 12-17-82 BO-39 . 79.2
12-17-82 BO-40 70.0

A percent wt. lost L.0.I. @ 750°C



Table 6

Analyses of Fuel and Flue Gas Data

. 6 UL O1L F sac .SRC RESIDUAL OTL $RC SLIRXY
SMRALYTICAL TYPE OF Stesdy Steady Steady | Steady
BRSULTS TESTS [rarametric Scate Farsmstric State Parametric State Parametr State
ONITS Min Max | Min Max { Min Max [Min Max JMin Max | Min Max || Min Max| Min Max
| ARALYSIS
Hmn-.n Analysis
fiydregen z 11.18 -  [0.46 - 6,18 = | 5.70 - 7.97 - 7.81 - 7.77 - 7.58 -
| 12,02 14.42 6.25 6.34 8.14 8.11 7.85 .n
Carbes 2 181.69 - 0.20 - 86.20 ~ 84.52 - [BS.18 -  (85.66 - £6.26 - |57.65 -
 83.61 85.71 86.41 86.52 87.00 87.02 $7.37 58.09
Sicregen z 0.21 - 0.16 - 1.93 - 1.74 - 1.23 - 1.19 - 1.16 - 1.16 -
0.26 0.27 1.97 2.08 1.35 1.36 1.29 1.28
Sulfur 0.63 - 0.50 - 0.82 - 0.88 - 0.40 - 0.42 - 0.69 - } 0.65 -
0.68 0.71 0.93 1.03 0.49 0.57 0.71 0.70
Oxyzee T 4.22 - 0.35 - 6,17 - 6.02 - 3.1 - 3.02 - [p2.38 - {31.91 -
5.36 8.36 4.36 6.11 5.30 4.73 33.47 32.57
Aeh 0.07 - 0.07 - 0.36 - 0.03 - 0.04 - 0.02 - 0.38 - | 0.27 -
0.14 0.19 0.42 0.52 0.08 0.11 0.53 0.49
rhiat-tt z 5.8 - 3.0 - 0.37 - 0.42 - 0.18 - 0.23 -
! 7.8 6.7 0.38 0.66 1.32 1.32
ll-.z:-; Yalue BTU/Lb 17404 17421 15781 15686 06678 16601 10384 10512
17556 -18168 -15789 -15852 -16817 -16808 -10627] =10632
specific creviey € 75°% 0.9467
(soxu. Particle Size b 4 96 90 - 87 - 88 -
Cons 1at(~-200 Mesh) 100 9 1 )8
8C-1 Coucentration ] 4 5.3 - 66.5 ~
< 66.4 6.7
MR A St A
FLDR GAS AMALYSIS
o, p 0.6 - 2.3 - 3.1 - 2.7 - 0.4 - 2.4 - 2.1 - 3.0 -
S.1 2.5 S.4 6.5 4.4 2.7 4.0 3.1
co, 2 11.8 - 13.3 - 12.8 - 1.7 - 13.8 - 14.6 - [hé.0 - J16.7 -
15.4 13.8 14.7 15.1 16.7 14.9 16.0 15.2
co ppm 22 - 20 - 70 - 30 - 25 - 29 - 51 - 60 -
190 48 370 b} 123 49 280 8?7
so, Ppm 445 - 378 ~ 566 - 499 - 315 - 345 - 714 - 621 -
560 533 667 674 409 9N 797 152
Lo/ MBTU 0.90 - 0.69 - 1.26 - 1.17 - 0.59 - 0.65 - 1.38 - | 1.20 -
‘ 0.97 1.00 ©1.29 1.36 0.71 0.73 1.47 1.47
w_ pu 202 - 167 - 402 - 447 ~ 468 - 427 - 321 - 334 -
241 239 494 950 533 542 440 0
Lb/MBT0 § 0.25 - 0.22 - 0.56 - 0.63 - 0.57 - i
0.34 0.32 0.80] 1.34 0.76 ] 0.56 - 0.41 - ]0.47 -
0.74 0.65 0.56
e PPe 0.2 - 0.2 - 1- 1- 0.2 ~ 0.3 ~ 1 1
2.0 1.0 2 2 0.8 0.8 2
Opacity X 1~ 1- 15 - 11 - 6 - 3 - 10 - 1 -
3 “t0 8 44 17 10 14 12
PARTICULATE EMISSIONS
Mass Bmission Rate Lb/Hr 0.60 - 0.50 - 28.5 - | 17.5 - 2.4 - 2,46 - 23.36 - [19.31 -
1.15 .1 35.5 3.1 6.5 5.21 31.75| 25.74
Emission Rate Heat Lb/MBTUR 0.02 - 1.07 -
Input Basis 0.04 | 0.02 - 126 0.66 - 0.09 - |0.09 - 0.86 - | 0.74 -
0.04 1.25 0.24 0.20 1.15 1.00
Carbon Concemt (LOIX) 2 24.9 - 26.6 - 60.9 - 41.3 -  {so0.8 - 8.4 - 67.4 — 63.8 -
H 72.8 47.1 93.3 95.1 88.7 8.5 71.2 74.9
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VI. DISCUSSION OF RESULTS

The current New Source Performance Standard (NSPS) for particulate
emissions from electric utility steam-generating units modified or con-
structed after September 18, 1978 with a minimum heat input of 250
million Btu/hr is 0.03 1b/106 Btu. Based on boiler emissions measured
during the test program, the SRC Fuel averaged 0.9243 1b/106 Btu for
uncontrolled particulate emissions. In order to meet the NSPS, a par-
ticulate emission control system with a collection efficiency of 96.7%
would be required. Particulate emissions from firing the SRC Residual
0i1 averaged 0.1970 1b/106 Btu, which would require a control system
with a collection efficiency of 84.8%. Finé]]y, the SRC-Water Slurry
emissivns averaged 0.9085 1b/106 Btu, which would require a control
system with an efficiency of 96.7%. ‘

For each fuel, the boiler operational parameters were monitored and
maintained at similar predetermined conditions to eliminate any bias in
emissions due to boiler operation. Among the three SRC fuels tested,
the SRC Residual 011 produced the lowest particulate emissions, partly
because of its lower ash content and superior combustion properties. On
a 1b/106 Btu basis, particulate emissions from SRC Residual 0il averaged
79 and 78% lower than the SRC Fuel and SRC-Water Slurry, respectively.
The SRC Fuel produced the highest particulate emissions of the three SRC
fuels, but the amouﬁt averaged only 2% higher than the SRC Water-Slurry
emissions.

During the SRC Fuel burn, emission rates from several tests were
considered outliers, when compared with the average series emission
rates. Tests B0O-8 and B0-9 were 27 and 28% lower, respectively, com-
pared to the series average of (.9243 1b/106 Btu. Test B0-17 was 128%
higher than average; however, there were boiler problems during this
" test and it was aborted after 8 min into the run. Because there were no
apparent problems with the test procedures or analysis, these emission
variations were probably due to variations in boiler conditions.

During the SRC Residual 0il series, Tests B0O-20 and B0-34 had
emission rates that were 43 and 57% higher, respectively, than the



series average of (.1970 1b/106 Btu. A]éo, emission rates from tests
B0-26 and B0-27 were 33 and 34%, respectively, lower than the series
avé}age. Apparently, these tests were also outliers due to variation in
boiler conditions. '

The loss on ignition (L.0.I.) data averaged 93.9, 94.3, and 70.0
for the SRC Fuel, SRC Residual 0i7, and SRC-Water Slurry, respectively’
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VII. NOMENCLATURE AND CALCULATIONS
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. pep—

Symbol
(a)

(o]
A,3,C, 8¢
(144

ACF

ACPM

i)
(¢)

2

EPA
BQN

FH

CBS
Gr/ACF

Gr/SDCF

o

H,0
\HIO

Unitcs

rercent:

In. "2"

peld

red

Pt’lli-
rel

rel

1w,

ereme

In,
nl
red3

I3
Pe3
Lb/Fe3
In.
In.
Ft.
In.
Fed
Fe3

Grains
Pe
Fed

Percent

Percent

Isokinetic sampling rete

Description

rolusan identificetion for traverse poiat
distance on circulsr stack or duct

Column. {dentificatian for &P
Port identification

Actual cubic feet: volume of gas ssrpled
at dry test seter tesperature, pressure,
and mofisture

Actual volume of gas sampled at stack
conditions

Gas volumetric flow rate at stack con-
ditions .

Actusl noztle opeaing sres
Avres of duct or stack

Column identification

for (a) expressed
in inch units

Column {dentification for kg

Column jdentification

for prode merking
distence, decimal and

nearest 1/4 inch

Liquid moisture volume condensed in con-
denser/impinger and desiccant together

Moisture volume in gas phase, metered
through dry test meter at STP

Condenser
C expressed as gas-phase moisture st STP
Total gas-phese moisture volume at STP
Nensity of wet stack pas

Actusl motile diameter

Calculated nottle disveter

Diamcter of stack or duct

Diameter of stack or duct

Final dry test meter gas volume readinp

Initial dry test metar pgas volume
resding

Federal Pnvironmental Protection Apency
Equation

Filter holder

Greenburg-Saith

grains

Mass of particulate matter in Eer
stac

one cubic foot of sampled gas at
conditions

MHass of plrtlcullte'llt!ef in
one cubic foot of sampled pas
dard dry conditions

grajns per
at stan-

Wessure of wall thickness and probe

holder length together

Orifice differential indicating she
sanpling train flow rate .

Velocity correction factor
Water or mofisture

Mo{sture conteat of stack gas (Mhy
volume)

NOMENCLATURE

Symbol
13
1ep

moisture

P

pressure

dry

sy
vet

FL.ETL¥

<8
°rr
sneF
SNCPY

erTe

l?.‘

Percent
LM1Lb Mole
LB/Lb Mole
Lh/Ld Mole
Lh/Lh Male

Fed

Minutes
°F
°F
°F

Ft/Min

Ft/Min
Fe/Min

Pt/Sec

Grams

fce bath

lTapinger

Constant

wo{oc!ty correction for molecular weight
Flow correction ’

Isokinetic sampling
Pressure correction

correction excluding

Isokinetic sampling
pressure correction

correction iscluding
Isokinstic meter t-p.rqturi carraceinn
l:ollqctic moisture correction

Velocity correction for moisture

Pitot tube comstant

Velocity correction for static pressure
Tsokinetic orifice constent

1sokinetic steck tempsrature correctioa
Moisture in dry test aeter gas (by volume)
meter conditions

‘folecular weight at

Molecu)ar weipght at stack conditions

‘inlecular weight dry stack gas

Valecular weight wet stack ges

Nusher of points to be traversed

Directions: north, south, eest. and

wiést, respectively
Velocity of stack gas
Amhient, harometric pressvure

Static pressure of steck gss (Pg)lay be

In. lig; check pertinent equatio
€tack peas sampling rste

Sample box

Gas volume at ¢8°r 29.93 in. Hg
SCF gas volume without any soisture

Cas volumetric flow rate st standard
conditions

Standard conditions: 68°r end 29.92

lnf Ng

Actusl sampling time

Ambient, dry bulb tempersture _
Nry test meter inlet gas temperature
Stack gas dry bulb temperature

Actual stack gas velocity st stack
temperature, pressure, and woisture

Vycr 8 determined from partial tra-
verse of the duct

Stack gas velocity corrected to &4°r
to 29.92 In. Mg

Velocity from tadbles, uncorrected

Meight of particulate collected in

sampling train

DM calibration factor



/&-’-} WEFI Sciences

SCF .

SDCF

Cp

act

vstd

ACFM
SDCFM

Lb/Hr
Gr/SDCF
Gr/ACF

1b/10°Lb
Dry Gas

Lb/103Lb“'
Wet Gas

Lb/Hr

CALCULATIGN PORMULAS

1 .6 SCf 550

SCF(100-2M)
100

0.0471 C

SCF(ZM)
100

CP + M

100 CT
SDCF + CT

P_+ P _/13.6
. = - RS - L AAa- A
0.0458 Mw.et %60 + ¢,

1097.8 k_ VAP

_ 55.04 Gr/SDCF’

YD

(SDCF + CT)6000
(t) (V,_4) (60AD)

vV __(A)

act 8

Pp + P./13.6

460 + tg * ACPM

0.1764 (100 - ZHZO)

ACFM x Density x 60. . . . . . . (GAS _FLOW RATE)

15.43 WP
SDCF

0.1764 (100 - 2H,0) 3&13&/”—'{' +Gr/SDCF

460 + tg

55.04 Gr/SDCF .
MW

dry

-

o]

MW 100

wvet

3

8.57 x 10 ° x Gr/SDCF x SDCFM. (EMISSION RATE)

Standard Conditions are 68°F and 29.92" Hg Barometric Pressure
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ApD1TIONAL NOMENCLATURE AND FORMULAS

Symbol Units - Deéctiption
ZIL Percent " In-Leakage to a ‘Pa:{icular Unit
ZEA Percent Excess Air
E= _ Lb/lOGBTU Pounds of Particulate Emissions Per Million BTU
, Heat Input
F SDCF/lOaBTU F-factor for Fossil Fuels:

Coal-Anthracite - 101.4
Coal-Bituminous, Lignite - 98.2
0il-Crude, Fuel - 92.2

Gas-Natural, Propane, Butane - 87.4

- 100 202
0.264 (100-202-2C02)-20

ZEA =

2 (Exhaust Gas Concentrations) (Assumes CO Negligible)

ZIL(OZ) - Zozout - ZOzin
20.9 - ZOzout

- (100)

ZIn
Z0ut

zIL(CO2 & HZO) =

t

t- .
XIL(temperature) ?335—2-—$9- 100 (Well Insulated Units Only)
a - out .

ZIL(SDCFM) = (SDCFMoue

SDCF"M:m

-1) 100

« G1/SDCF
Lb/SDCF 7060
2,090
G679 < %o

E = Lb/SDCF (F)
) 2

100 - %H,0
100 ,

iWet = ZDry

Standard Conditions are 68°F and 29.92" Hg Barometric Pressure
CLASSIFICATION OF COLLECTED SAMPLES

Composite Particulate Matter

. Filterables (water insoluble)
Water Soluble
Organic Solvent Extractables

Condensables ’

' Fllterables (Water Jnsoluble)
Water Qoluble
Organlc Solvent Ektractables
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APPENDIX A

TEST METHODS, EQUIPMENT, AND CALIBRATIONS
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- Particulate Sampling

Figure A-1 is a schematic of the test equfpment used to determine
particulate emissions. Samples were extracted from the duct isokin-
etically by drawing the flue gas through a tapered, stainless steel
nozzle and then through the collecting components. The .nozzle was
mounted adjacent to a pitot tube and thermocouple to allow simultaneous
velocity measurement and sampling. '

Before each test commenced, the complete sampling train was leak-
tested by plugging the sampling nozzle,  turning on the pump, and
adjusting the pump bypass valve to a system vacuum.of 15-im. Hg. The
amount of inleakage was determined using the dry test meter. A maximum
inleakage rate of 0.02 cfm is aéceptab1e[ ' '

To start the test, the initial dry gas meter reading was recorded
and the nozzle was placed at the first test point. The velocity pres-
sure and temperature were then recorded, and an isokinetic flow rate was
determined. The pump was then turned on and the flows adjusted using
the orifice meter on the discharge side of the pump. Sampling was
continued at this point for a specified time period; then the probe was
moved to the next test point, where the same procedure was implemented.
This was continued until all points of this port had been sampled. The
sampling pump was then shut down, the probe was moved to the next port,
and the test continued. Sampling was concluded when all points had heen
sampled, : |

The test train was dismantled and each collection component

cleaned. Table A-1 summarizes the'samp1e treatment and analysis.

Gas Analysis

During each test, an integrated gas.sample was collected over a
period of 10 to 15 min in a plastic sample bag. Each bag was then
‘analyzed in duplicate for COZ’ 02, and CO using an Orsat Analyzer, and
the nitrogen content was then determined by difference.

V Since the Orsat analysis gave results on a dry gas basis, the Orsat
data and gas moisture data from the partiéu]ate tests were combined to
give the Qet gas composition, used to calculate the stack gas molecular

weight on a wet gas basis.
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Alundum Thimble

Heatéd Stainless'Steel
j/ Sampling Line Probe Liner

To

Meter y/ 1l
Box "

S-Type Pitot Tube

Stainless Steel

Sampling Nozzle .
Heated

Teflon
- Tubing

Condenser

Thermocouple Heated 47 mm Glass-Fiber Filter 'L'

uted) Buidwes 3a[3InQ 43| L0g

T-v a4nbrq



PILYIR SANTLT
& (D Class Fiver

3.
4.

&

Table A-1

- 47 = dianeter cirvecnlar

- 4 inch Jdismeter circular
Sheet - 6 inch Jiameter circulnr
Sheet « 8 inch x 10 inch rectangular
Class Fiher Tube - 1 inch diaseter x 6 inch long
Class Fiber Thimble - 1 inch disseter x 4 inch loag
Aluadum Thimble - 1 imch diameter x ¢ iach-long

Sheet
Glass Fiher Sheet
Glass Fiher

Cless Fiber

3, PREPIELD PROCEM/RE

1.
3.
vs.

Test filter s dried et 7O°F and 103°C for twe hours.
Test filter is desiccated at "0°F for two hours.
Test filter is tare weighed vith an anslyticsl
balance.

PIELD PROCEDIME

111,
w 1.
v

.

7.

Test filter i3 placed im a suitadle contaimer after
being used in a test.

Test filter is weighed (as is) for preliminary
woight.

Test filter is weighed (desiccated at TO0°F) for
prelininsry particulate weight.

Test filter is wveighed (after drying and desiccat-
ing) for preliminary perticulate weight,

IV. POSTFIELD PROCEDURE
A. Composite Particulate Matter

[V

v,
(VR

Ve

{s dried st 70°F and 103°C until
weight becomes censtant.

Test filter
particulate

Test filter is desiccated st 70°F for two.bours.

Test filter is weighed with an anslytical dalance.
The difference between postfield and prefield
wveight of the filter is reported as composite
particulate matter.

Weter Soluble snd ¥ater Insoluble Particulate Matter

¥ster Insolubles

1.
3.

3.

4.
.
[

Test filter is washed with water.

The 1iquid is filtered with s tared 1ad filter
which §s also washed with water.

The test filter and the lad filter are dried at
108°C until particulate weight becomes constant.

The filters are desiccated at 70°F for two bours.
The filters are weighed with an analyticsl balance.

The difference betwveen postfield weight and pre-
field weight of the test filter and the difference
between the used weight and the tare weight of the
lsb filter are added together ard the sum is reported
as water insoludle particulste matter.

Watear Solubdles

7.

9.
9.
10.

11.

12.

13..

The
sre

The
The

The liquid §s evaporsted at 105°C until purttculntc
weight becomes constant.

ladb-filtered water veshirgs of the test filter:
collected in a tevred bealer.

11quid volume of the water washings is mseasured.

pH of the 1iquid {s measured.

The beaker with particulate is desiccated st 70°F
for two hours.

The beaker plus particulate is weighed vith an
snalytical Lalance.

The difference between the hesher plus particulate
weight and the tared hcaker reight i3 reported as
gross water soluble particulate astter.

Weight of the vater soluble particulate mstter in

the equal amount of lab water 1s cslculated for
the dlank correction.

Water coluhles, veter {nsclubles, and orgenic

@ (1v) A,
Selvent extractaklen Are included but not Ldent)fied.

B. Organic snlvent extractahles are included hut nant fdent{fied.
Water solunle: analycia mav he hypaseed.

C.

If 90, follow the

Precedure My replacing "wvater” with the OrRANIC «olvent used.

30

Analysis of Particulate Sample - Filter Sample

15, The grnss water solutle particulate matter

ainus the hitan\ cerrectinn i reported as
fet water seluble particulate metter.

C._ Water Soluble, Water Insoluble, snd Organic Solvent
Extractablc Torticulute Jacter o

Water Insolubdles

1. Test filter is vashed with water and slso
with orgenic solveat,

2. The liquid is filtered with s tavred lad filter
which {s also washed with water and the
crganic solvent.

3. The test filter and the lad filter sre dried
et T0°F snd 103°C unti] particulate weight
becomes constant.

4. The filters are desiccated at 70°F for two
hours.

3. The filters are weighed with an snslytical
bslance.

6. TNe differeace between postfield welight and

src!icle veight of the test filter and the
1ffererce Petveen the used weigcht and the
tere weight of the lad filter are sdded
together and the sum is reported as water

fnsoluble particulste matter.

Seperation

7. The lab-filtered vashings are collected
ia a separatory fuanel.
8. The water end the solvent are slloved to
settle until distinctly clear and separste.
$. Additional solvent msy be used to enhance
the separation.
10. The water and the solvent liquids are collected

in separate tared beakers.

Water Solubdles

11. The liquid volume of the water portion is
seasured.

12. The pH of the liquid is measured.

33. The liquid is evaporated at TO0*F and 108°C
onti]l particulate weight becores comstant.

14. The bdesker vith particulate is desticcated
at 70°F for two hours.

15, The besker plus parrieulate s veighed with
ap analytical talsnce.

16. The difference between the besker plus partic-
ulate veight and the tared beaker welght
i3 reported as gross sater soluble particulste
metter.

17. Weight of the water soluble particulste
matter in the sgqual s=ount of lab water
1s calculated for the blank correction.

18. The gross water solutle particulate matter

minus the blank correction is reported as
_net water solutle particulate ratter.

Organic Solvent Fxtractables

19. The liquid volume of the solvent portion

{s measured.
20. The liquid is evaporated at 70°F snd 105°C
until particulate veight becomes constant.
21. The deaber with particulste is cesiccated
at 70°F for twe hours.
4i. ins peaxer plul gl!!lthlltt is velighed with
sn analyticsl talance.
23, The differcnce betwcen the desker plus par-
ticulate weight and the tared teaker wveight
reported as gross organic solvent sxtractable
psrticulate matter.
24, Weight of the arganic <olvent extractahle
matter in the =qual nmount of the 18b organic
solvent i3 colculated for blank correction,
2S. The gross orgnnic snlvent extrsctsble par-
ticulate matter minue the blank cofrection
Is reported as net organic solvent extractahle

matter.



Table A-1 (Cont.) Analysis of Particulate Sample - Liquid Sample

. LIOUID SAMPLE =~ ° : - €. WMater Saluhle, Water Insoluble, and Organic
i ReTvent Tatractahle Tarticulate ﬂj"—x—u"
A, Types of Liguid Sasple 8. Typoes of Washing Fluid

Weter Insolubles

Nezzle Washings 1. Distilled Water s
Probe Washings D Acetone 1. The liquid ssmple is filtered with s tared
. Cord Washings 3. FPreon TF lad filter which is alsoc washed with
4. Cyclone Washings 4. Organic Solvent " weter and the orgasic solvent.
. 8« JFilter Molder Yashings
6. Ispinger Liquid 2. The lab filter is dried at 70°F and 105°C
7. [Impinger Washings . uati) particulate weight becomes constant.

8. Two or mere eof the sbove may be coabined. '
- 3. The lad filter is desiccated st 70°F for
two bours.
13. PIELD PROCEDURE
S —————————— 4. The 1ladb filter is weighed with an analy-
1. Before a test degins, the first two impingers are each tical balasace.
filled with 100 m1/150 al of wster.
S. The difference bDetveen the used weipht

2. At the end of the test, the liquid sample volume is and the tare weight of the lab filter
measured by s measuring cylinder. i3 reported as water insoluble psrticulate
matter.
3. The liquid sample i3 poured into a suitable containmer .
- (glass or plastic, nonrosctive with the sample). Separation

6. The lad-filtered liquid s collected in
111. - POSTFIELD PROCEDURE

"”,,w 8 separatory funnel.
site Particulate Matter 7. The water snd the solvent are allowed

to settle until distinctly clear and sep-

Liquid sasple is evaporsted in a tared beaker at 70°F arate.
aaj 103°C until particulate weight becomes constant.
. 8. Additionsl solvent masy be used. to enhance

3. The beaker plus perticulate is desiccated at 70°F the separation.

for two hours.

9. A flsme test or optical test may be performed

3. The besker plus particulate is veighed with an analyticsl to ascertain separation.

belance.

30. The water and the solvent liquids are

4. The difference between the heaker plus particulate collected in sepsrate tared desksrs.

weight and the tared tesker weight 1s reported ss

gross enmpnsite particulate satter, Weter Solubles

g/’:t Weight of the composite particulate satter in the 11. The liquid volume of the water portion
us) srount of the field wster and the field orgsanic {3 messured.
solvent is calculated for blank correction.
. 12, The pH of tde liquid is measured.

6. The gross composite particulste nstter minus the corres-

ponding blank correction is reported ss net composite 13. The liquid is evaporated st 70°F and 105°C

particulate matter. ant{l particulats weight becomes constant.

3. Water Soluble snd Water Insolutle Psrticulate Matter .- 14. The desker with particulste is desiccated

st 70°F for twe hours.
Water Insolubles
- 1S. The besker plus psrticulate is weighed
1. The liquid sample §s filtered with a taved lad filter: with an anslytical balance.
which is also washed vith water, i
16. The difference between the beaker plus
2. The lad filter is dried st 10S°C until particulate particulate weight and the tared besker
weight bdecomes constant. weight i3 reported as gross water solubdble
A particulate matter.
S. The lab filter is cdesiccated st 70°F for two hours.
17. Weight of the .ater solutle particulaste

4. The 1ab filter is weighed with an anslytical dalance. matter in the equal! amount of the field
water is cslculated for the dlank correc-
$. The difference between the used veight and the tare tion.
weight of the ladb filter is reported as wster insoluble
parciculate matter. 18, Th: gross water soluble particulate matter
minus the blank correction is reported
Water Solubles as net wster soluble particulate matter.
6. The 1adb filtered liquid is collected in s tared besker. Organic Solvent Fxtractables
7. The liquid volume {s measured. 19. The liquid volume of the solvent portion

i3 measured.
8. The pH of the liquid {5 pveasured.
. 20, The liouid is evaporated at 70°F and 105°C
#. The 1liquid s evaporated at 105°C until particulate untvil particulate weight becomes constant.
weight tecomes constant,
21. The beaker vith particulate is desiccated
10. The beaker with particulate is desiccated ot 70°F at 70°F for two hours.
for two hours. .
22. The besker plus particulate {5 weighed
11. Tte besker plus particulate is weighed with an snalytical with an analytical bslance.

bslance.
. 33. The difference between the tesker plus

12. The difference hetveen the besker plus particulste particulste veight and the tared teaker
welght and the tared beaker weight is reported ss weight {3 reported as gross organic solvent
gross water soluble particulate matter, extractable particulste matter.

13, Weight of the water scluble psrticulate matter in 34, Weight of the orgsnic solvent ecitractable
the equal smount of field sater is calculsted for . matter in the equal smount of the fleld
blenk correction. ) organic solvent {s cslculsted for the

blank correction,
14, The gross wvater soluble particulate matter minus the

blank correction i3 reported o3 net water soluhle 2S. The gross organic solvent extractable
perticulate matter, perticulate matter minus the dlank correction
nOTE {s reported as net organic solvent extrsctable
i {111) A, wWater snlubles, warer tnsclubles, and rreantc solvent extrs-  satter.

tTaFles are included but not wdentified. A. nic srlvent extractahles
‘lorlncludot hut nnt {dentified. . Vater snl ~Je< snalveic pav he hvpaceed.
sn, fallav the rPAcfdure by replacing “vate?™” with rnp ArpaAnjig scivenl. 31




Moisture Content

The moisture content of the gas sampled was determined from the

.vo1ume of gas sampled and the amount of water condensed and absorbed out

of the gas. The condenser consisted of a stainless steel coil condenser

tube, welded to a collection resérvoir, with an exhaust tube or a series
of glass impingers that bubbled the sample through a known volume of
impinger liquid. ‘Both types of condensers were immersed in an ice bath
to maintain the temperature of exit gases between 40 and 60°F.  Any
remaining moisture was removed by passing the gas stream -through a
container of tared silica gé] desiccant. The total fiquid moisture
volume was then calculated from the moisture (1iquid volume) collected
in the condenser or impingers and the weight increase in the desicrant.
The total gaseous moisture volume was computed from the 11qu1d

yojume“usjng the density.-of liquid water, its molecular we1ght, and the
" molar volume at standard conditions (68°F and 29.92 in Hg). This
volume was added to the standard vo]ume of dry gas samp1ed and the sum

was divided back into the gaseous moisture vo]ume The result is the

‘percent H20 by volume, in the actual gas stream

- Equipment Calibration

Sample Meter System. The sample meter sjstem--consisting of the

pump, .vacuum gauge, valves, orifice meter, and dry gas meter--was

initially calibrated. by stringent laboratory methods before it was used
in the field. After the initial acceptance, the calibration was

rechecked after each field test series. ‘The recheck provided a method

~that could be used more often and with less effort to ensure that the

calibration has not changed[' When the guick check_indicated that the
ca1ihration factor had changed, the tester again used the complete
ca11brat1on procedure to obtain a new ca]1brat1on factor After reca11-'
brat1on the metered sample volume was mu1t1p11ed by e1ther the 1n1t1a14

“or the. recalibrated calibration factor--that s, the one that yields the’

. lower gas _volume for each test run.

Before initial calibration of the metering system, a leak check was

,conducted The meter system must be 1eak free. Both positive (pres-

sure) and negat1ve (vacuum) 1eak checks were performed
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Temperature Gauges.

to measure temperature of the gas leaving the impinger train, was
initially compared with a mercury-in-glass thermometer that meets
ASTM E-1 No. 63C or 63F specifications.

Dry_Glass_Thermometers. The thermometers used to measure the
metered gas sample temperatufe were initially compared with a mercury-
in-glass thermometer as above, using a similar procedure.

Stack_Temperature Sensor. The stack temperature sensor was cali-
brated before field use. Each sensor was uniquely marked for identi-
fication. The calibration was performed over the range of temperatures
anticipated. during actual sampling. For temperatures up to 450°C
(761°F), a reference mercury-in-glass thermometer was used.

Probe_Nozzle. . Probe nozzles were calibrated before initial use in
the field. Using a micrometer, the i.d. of the nozzle was measured to
the nearest 0.025 mm (0.001 in.). Three measurements were made using
measured diameters each time to obtain the average. The difference
between the high and low numbers did not exceed 0.1 mm (0.004 in.).

Type_S_Pitot_Tube. The pitot tubes were calibrated using the
calibration system setup recommended 1in EPA Method No. 2 (see
Figure A-2). The calibration procedure was as follows: One leg of the
Type S pitot tube was marked with an "A" and the other with a "B." To
obtain calibration data for either the A or B sides, a manometer was
filled with clean fluid of the proper density. All pitot lines and
fittings were leak-checked, repaired, or replaced, if necessary.

The inclined manometer was leveled and zeroed. The calibration
system I.D. fan was turned on to allow the flow to stabilize.

~ The standard type pitot tube was positioned near the center of the
duct, "and the entry port sealed with a rag or duct tape. The pitot tube
was checked to make sure it was properly aligned and perpendicular to
the duct.
| The I.D. fan speed was adjusted to give the desired velocity head,
as measured by the standard pitot tube, and the Apstd was recorded on a
data form. The Type S pitot tube was then connected to the manometer.

The tube was inserted and located at the same point in the duct as that
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. Figure A-2

Pitot Tube Calibration Setup
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measured by the standard tube, and was aligned with Z1eg A facing
directly upstream. The velocity head (Ap_) was read and recorded on the
data form, and the tube was removed from Ehe duct, and disconnected from
the manometer.

The procedure was repeated until three sets of velocity head
measurements for each pitot tube were obtained. If necessary, the
complete procedure was repeated with leg B of the Type S pitot tube
facing upstream. o

~ The Type S pitot tube coefficient, Cp(S)’ was calculated for each

set-of measurements, ustng the following equation:

cp(S) - Cp(std)(L\":)std//'\‘ps)2

where Cp(S) = the Type S pitot tube coefficient; Cp(std) = the standard
pitot tube coefficient (use 0.99 if.coefficient is unknown and tube is
dgsigned according to guidelines 1n Section 1.7 of the EPA method);
AP iy = the velocity head measured by the standard pitot tube, cm (in.)
HZO; and ApS = the velocity head measured by the Type S pitot tube, cm -
(in.),HZO. -

2 U.S. GOVERNMENT PRINTING OFFICE: 1984-748-081/10163
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