
R   047 5-- r

f 1.1 1}ff
I

hyfu- (DE84015197)
DOE/OR/03054-37-Annex-Vol.C

SRC BURN TEST IN 700-hp OIL-DESIGNED BOILER
Boiler Emission Report
Final Technical Report

September 1983

Work Performed Under Contract No. ACOS-78OR03054

WFI Sciences Company
Coraopolis, Pennsylvania

.

Technical Information Center             -
Office of Scientific and Technical Inforrhation
United States Department of Energy



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi­
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe 11rivately owned rights. Refer­
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom­
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

This report has been reproduced directly from the best available copy. 

Available from the National Technical Information Service, U. S. Department of Commerce, 
Springfield, Virginia 22161. 

Price: Printed Copy A03 
Microfiche AOI 

Codes are used for pricing all publications. The code is determined by the number of pages in the 
publication. Information pertaining to the pricing codes can be found in the current issues of the 
following publications, which are generally available in most libraries: Energy Research Abstracts 
(ERA); Government Reports Announcements and Index (GRA and I); Scientific and Technical 
Abstract Reports (STAR); and publication NTIS-PR-360 available from NTIS at the above 
address. 



DOE/OR/03054-3 7 -Annex-Voi.C. 

FINAL TECHNICAL REPORT: 
SRC BURN TEST IN 700-hp OIL-DESIGNED BOILER. 

ANNEX VOLUME C: 
BOILER EMISSION REPORT 

Prepared by 

WFI SCIENCES COMPANY 
5100 Casteel Drive 

Coraopolis, Pennsylvania 15108 

under subcontract to 

INTERNATIONAL COAL REFINING COMPANY 
P.O. Box 2752 

Allentown, Pennsylvania 18001 

for the 

UNITED STATES DEPARTMENT OF ENERGY 
Office of Solvent-Refined Coal Products 

under Contract DE-AC05-78-0R0-3054 

. (DE84015197) 
Distribution Category UC-89 



.. 
I . 

SRC TEST BURN PROGRAM 

WHEELABRATOR-FRYE INC. 

SUMMARY 

The. International Coa-l Refining Company (ICRC) is under contract 

from the Department of Energy (DOE) to study the technical feasibility 

and marketing potential of solvent-refined c;oal (SRC) fuels for oil­

fired boiler applications. The technical aspects of the boiler fuel 

system conversion, combustion performance, and emission control system 

performance were studied throu(.:lh an SRC comhuc;tion test program, con~ 

ducted at the Pittsburgh Energy Technology Center (PETC). Testing was 

conducted on the 700-hp watertube industrial boiler, 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 Oil, 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 

particulate mass. emissi-ons· at· the ESP inlet and outlet and boiler 

outlet; (8) ·provide a report on particulate mass emi.ssions data; (9) 

provide .. equipment and personnel for determination of particulate mass 

~missibns from the existing pulse-jet bag~ouie ~pj); an~ (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 neede'd 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 low rapping intensi-ty. 

i i 



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 lb/106 Btu, well within the 
particulate emission limit of the Fed~ral Environmental Protection 
Agency (EPA) New Source Performance Standard (NSPS) of 0.03 lb/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 oil com­
bustion. Thus, the SRC Test Burn Program clearly established that the 
conventional fabric filters make a feasible control 9evice for emissions 
from SRC-fuel-fired boilers. 

Results from the boiler emission report show that the uncontrolled 
particulate emi~sions averaged 0.92 lb/106 Btu for ~I<C So11ds, 0.20 

6 6 . 
lb/10 Btu for SRC .Residual Oil, and 0.91 lb/10 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. 

i i i 
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I. EXECUTIVE SUMMARY 

The Solvent-Refined Coal (SRC) test burn pro-gram was conducted at 

the Pittsburgh Energy Technology Center (PETC) located ifl Bruceton, Pa. 

One of the objectives of the study .was to.determ:ine the feasibility of 

burning SRC fue 1 s in boilers set up for fue 1 oi 1 firing and to char­

acterize emissions. Testing was conducted on the 700-hp oil-fired 

boiler used for research projects. No. 6 fuel oil was used for base­

line data comparison, and the following SRC fuels were tested: SRC Fuel 

tpulver1zed SRC), SRC Re!idual Oil 1 and SRC-Water Slurry. 

Uncontrolled particulate emission rate~ averaged 0.9243 lb/106 Btu 

for SRC Fuel, 0.1970 lb/106 Btu for SRC Residual Oil, and 0.9085 lb/106 

Btu for SRC-Water Slurry. On a lb/106 Btu basis, emissions from SRC 

Residual Oil averaged 79 and 78%, respectively, lower than the SRC Fuel 

and SRC-Water Slurry. The lower SRC Residual Oil emissions were due, in 

part, to the lower ash content of the oil and more efficient combustion. 

The SRC Fuel had the highest emission rate, but only 2% higher than the 

SRC-Water Slurry. 

Each fue 1 type was tested under vari ab 1 e 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 handle SRC fuels. 

This report details the particulate emission program and results 

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. 

1 



II. SUMMARY OF RESULTS 

Table 1 summarizes particulate emissions data from the boiler 

outlet sampling location. The data represent the arithmetic mean 

average of a 11 the tests conducted during each fuel burn. The par­

ticulate concentrations and emission rates are presented in both metric 
and English units. The concentrations and emission rates of partie-

ulates were based on filte·rable particulate matter and ~:>xclude any 

condensable particulate fractions. Southern Research Institute (SoRI) 

and WFI jointly decided io exclude particulate condensibles, in ordPr to 
reduce the turnaround iime between tests~ 

All of the results for each fuel burn are presented in detail in 
Section V, Results. 

testing. 
No tests were performed for the base-line oi 1 

TEST NO. OF ruEl.· 
UATE.S TESTS TYPE -7M3 

10/29/82 19 PW,vur1&a 518 
tb.rough sa.c 

11/19/82 

~~/t/8l 21 lii.C 133 
throuah laa1d&oa1 

12/17/82 

1/5/83 u SIC S81 
tbrou&h Water 
1/14/83 Slu:rry 

- .. 

a a11l~ar.ae per cubic aater 
~ IF&LDQ pow ~raal ~u~lL leet 
c ~11gr ... per at&Ddard cubic .. ter 
d ara1no per dry at&Ddard cubic feet 
a liilogr .... per bour 
f I"'\\D<II por bo>ur 
1 UDDgr ... per joule of hut input 
b po141!da per ailU.aD lmJ of but input 

Table 1 

Boiler Emission Summary 

PAI!.TIC:UI..A'f£ UUSSlON DATA 

COHC!:tnRATlON DIISS ION RATE 
b 

~,,r d e f 

nR'J 
h 

Cr/Acr Cr/DSCP ll:o/HR Lb/HR LB/1 n6R, 

0.2263 i·,Q6j 0.4645 11.4 25.2 397.4 0.9243 

.. 

0.0607 l!l':i 0.1175 2.3 5.2. 84.7 0.1970 

O.lS38 . 1,218 0.5322 11.3 24.8 390.6 0.9085 
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III. INTRODUCTION 

From October 29, 1982 through January 14, 1983, particulate emis­

sion testing was conducted by WFI Sciences' fie 1 d 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 charact~ri st i cs in the 

700-hp oil-designed boiler for a data base line to use for optimization 

and utilization of the SRC fuels on utility-sizPd boilers. 

During the SRC Fuel, SRC Residual Oil, 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 boi 1 er 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. 

3 



IV. PROCEDURES AND METHODOLOGY 

Boiler Outlet 

At the boiler outlet~ ~ampling was conducted in two ports, located 

90°. apart in the 24 -in. inner diameter (i.d.) circular duct (see 

Figures 1 and 2). The sampling train (see Figure 3) consisted of a 

stainless steel nozzle; an in-stack alundum thimble; a heated stainless 

steel 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, calibrated dry 1gas meter, orifice, and inclined manometer fo 11 owed 

thQ iampling trGin. 

Sampling Procedure 

All sampling trains were set up and run according to EPA Reference 

Method 17. Prior to testing, th~ train was assembled using tared filter 

media and then leak-checked at 15-i n. Hg vacuum. After the train was 

found to be leak-free, ice was placed around the condenser to keep the 

sample gases bel ow 68°F during the tests. The probe w·as then placed and 

the pressure differential (~P) recorded. The orifice differential (~H), 

required to maintain an isokinetic ratP. of· 100 ± 10%, was then cJl­

culated using isokinetic sampling equations. This was done at each 

sample point. At the conclusion 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 to the cleanup area. The sample frac-

tions wer-e n~~.;uvered as fo 11 ows: 

No. 1. The. alundum thimble was rP.mnvF>rl from iti holder 1 cJ.ppcd, 

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 loose filter fibers into its identified 

container and labeled. 

4 



Figure 1 

Boiler Outlet Sample Location 

T ?. SAMPLE PORTS 
3.5 DUCT DIAMETERS 

TO FLOW DISTURBANCE 24" DUCT DIAMETER 

0 
12 TOTAL SAMPLE POINTS 

p PER PORT 

~---24" I·.D. ~: 

TRAVERSE PERCENT OF 
) POINT DUCT DIAMETER 

r 
1 4.4 
2 14.6 

15.0 DUCT DIAMETERS 3 
TO FLOW DISTURBANCE 29.6 

4 70.4 
FLOW 

5 85.4 
6 95.6 



PREHEATED SECONDARY AIR 

AMBIENT TEMP AIR FlUE GAS 

NO. 
1. 

2 
3 

STEAM 

fUIEl 
BOILER 

fUDWATER 

·NATURAL GAS 

FLUE GAS SAMPLING SITES 

NAME 

BOILER OUTLET (GE) 
BOILER OUTLET (WFI SC.) 

DAMPER 

INLET TO REVERSE AIR PILOT FILTER 

Figure 2 

Boiler Outlet Sample location 

AMBIENT AIR 

ESP INLET 
ESP OUTLET 

DAMPER· 

------ ..... --- ..... 
___.,__,_._ ..... 

4 
5 
6 PULSE JET BAGIIOUSE STACK 

IAOHDUIEIYPAS$ 

PORTABLE 
ESP 

EJICIITINIJ 
ITACIC 

6 
~ 

IDFAN 

, .. 
ITACIC 

ESP 
IDFAN 



Stack Wall 

Alundum Thimble 

Heated Stainless Steel 
Sampling Line Probe Liner 

To 
Meter/'L----l 

Box "-.(--.J _ 

Heated ~7 mm Glass-~iber Filter 

S-Type Pitot Tube 

Stainless S:cel' 
Sampling Nozzle 

Figure 3 

Boiler Outlet Sampling Train 

To~ 
Mete . "-.(--.J 

Box 

t-t- Condenser 



No.3. The nozzle and probe sample was recovered by rinsing 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. 

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 

No. 1. The alundum thimb.le was "dried in an oven <;~,1;. 105°C fnr? tQ 

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 desiccator, and weighed to a constant 

weight. 

No. 3. Th·e acetone nozzle rinse was measured, transferred· to i'l 

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 

sump l e to ctLcourrL for d.hy acetone contamination. 

8 
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V. RESULTS 

Table 2 summarizes th~ 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 % ~02 , % 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 lists fuel and flue gas analyses for each of the SRC fuels. 

Results are discussed in Section VI. 

9 



Tab·le 2 · · 

Bo il,er. o.ut I et·. S.all1J:· l i ng Data:· S"RC Fuel Firing Series 

WFI BOILER SAMPLE TIME •:;As SAMPLE 
DATE TEST. . TEST 24 Hr . Clock Total Test VOLUME 

NO. . NO.: Start 1'1n1sh · Time-Min. a b 
_H3; tlSCF 

: 

1029-1 * 10-29-82 B0-1 11:21 13:13 120 1.618 57.857 

10-29-82 80-2 1029..:.2 * 18:43 20:12 120 1.4~6 52.810 
* 

l 

11-1-82 B0-3 1101-1 13:50 15:56 120 2.122 74.926 

11-1-82 80-4 
I 

* 1101-2 17:31 20:06 120 2.2€4 79.954 
• 11-3-82 80-5 . 1103-1 15.58 17:31 84 1.560 55.087 

11-4-82 B0-6 1104-:-1 * 11:51 13:55 120 2.248 79.387 
• • 

11-15-82 Bc:r-7 1115"":' 1 8:58 11:01 120 2.264 79.937 

i115.-2 • 11-15-82 B0-8 18:00 19.54 107 2.037 71.942 
11-16-82 80-9 1116'-1 * 9:03 11 :07 120 2.38) 84.036 

* ! 11-16-82 80-10 1116-2 16:38 17:03 25 0.52.5 18.530 
~r: 

11-16-82 BO-ll 1116-3 18:43 19:26 43 0. 91'~ 32.463 

11-17-82 B0-12 1117-1 * 8:50 10:54 120 2.513 88.818 
11-17-82 80-13 111.7-2 • 14:44 16:51 120 2.5U 88.724 

11-18-82 80-14 1118-1 * 14:22 16:25 120 2.40' 85.059 
* 11-18-82 B0-15 1118-2 17:02 19:07 120 2.5n 90.806 
• 11-19-82 B0-16 1119-1 8:37 10:34 120 2. 356 . 83.208 
* 11-19-82 B0-17 1119-1 11:53 12:01 8 0.13S· 4.909 
* 11-19-82 80-18 ll19-2 12 :41 14:4 7 120 2.314 81.727 
* 11:..19-82 80-19 lll9-3 15:46 17:52 120 2.46m 86.913 

* steady state test 
0 a cubic meters ~t standard conditions (20 C ar.d 760 mm Hg) 

b dry standard cublc feet at standard conditions (68°F and 29.92" Hg) 
c 7. isokinetic = velocity of gases entering nozzle = Vn x 100 

velocity of approaching stack gases Vs 

' 
ISOKINETIC 

c 

SAMPLING 
RATE 

% 

79.3 

68.2 

106.3 

103.9 

99.7 

95.5 

101.7 

95.3 

105.2 

94.9 

96.5 

103.6· 

100.5 

98.6 

97.1 

99.4 

86.1 

98.3 

96.8 



1-' 
1-' 

DATE 

12-8-82 

12-8-82 

12-9-82 

12-9-82 

l1-10-82 

12-10-82 

12-13-82 

12-13-82 

12-14-82 

12-14-82 

12-14-82 

11-15-82 

12-15-82 

12-15-82 

12-15-82 

12-16-82 

12-16-82 

12-16-82 

12-17-82 

12-17-82 

12-17-82 

WFI 
TEST 
NO. 

E-0-20 

B0-21 

B0-22 

B0-23 

B0-24 

B0-25 

B0-26 

B0-27 

B0-18 

B0-19 

B0-30 

B0-31 

B0-32 

B0-33 

B0-34 

B0-35 

B0:-36 

B0-37 

B0-38 

B0-39 

B0-40 

Table 2 (Continued) 

Boiler Outlet Sampling Data: SRC Residual Oil Firing Series 

BOILER .SAMPLE T lME 
TEST 24 Hr. Clock 
NO. Start 

** 1208-1 10:22 
** 1208-2 14:58 
** 1209-1 9:00 
** 1209-2 13:23 
* 1210-1 n:49 
* 1210-2 14:27 

. * 
1213-1 11 :06 

* 1213-2 14:13 
* 1214-1 9:00 
* 1214-2 12:00 
* 1214-2 15:30 
* 1215-1 8:58 
* 1215-2 11:34 
* 1215-2 14:15 
** 1215-3 17:10 
* 1216-1 8:34 
* 1216-2 11:15 
** 1216-3 16:00 
* 1217-1 9:21 
* 1217-1 11:52 
* 1217-2 14:33 

* steady state test 
** parametric test 

Finish 

12:31 

17:04 

11:07 

15:30 

13:56 

17:19 

13:14 

16:23 

11.:09 

14:07 

17:40 

11:04 

13:41 

16:22 

18:14 

10:40 

13:20 

18:05 

11:28 

13:57 

16:38 

Total Test 
Time-Min. 

120 

120 

120 

120 

120 

120 

121 

120 

120 

120 

l20 

120 

120 

120 

60 

120 

120 

120 

120 

120 

120 

GAS SAMPLE 
VOLUME 

M3 DSCF 

1.985 70.103 

1.888 66.663 

2.231 18.768 

2.199 77.668 

2.001 70.670 

1.051 72.440 

1.980 69.903 
.' 

1.943 68.596 

1.922 67.879 

l. 971 ' 69.588 

1.944 68.656 

1.972 69.653 

1. 951 68.879 

1.964 69.365 

0.910 32.126 

1.954 68.998 

1.923 67.892 

2.150 75.928 

1. 934 68.304 

1. 919 6 7. 776 

1.923 67.902 

ISOKINETIC 
SAMPLING 

RATE 
% 

104.5 

103.2 

102.4 

102.8 .. 

104.4 

107.1 

105.2 
' I. 

102.8 

103.7 

105.2 

103.4 

105.3 

101.6 

103.7 

106.7 

103.3 

102.6 

101.0 

102.8 

101.1 

103.4 



....... 
N 

DATE 

1-5-8] 

1-6-83 

1-7-83 

1-7-83 

1-7-83 

1-10-83 

1-10-83 

1-11-83 

l-11-83 

1-12-83 

1-12-83 

1-13-83 

1-13-83 

l'-14-83 

1-14-83 

WFI 
'lEST 
NO. 

B0-41 

B0-42 

B0-43 

B0-44 

B0-45 

80-46 

80-47 

80-48 

80-49 

B0-50 · 

B0-51 

B0-52 

' B0-53 

B0-5·~ 

.80-55 

Table 2 (Continued) 

Boiler Outlet Sampling Data: SRC-Water Slurry Firing Series 

BOILER -3AMPLE TIME 
TEST 
NO. 

0105-1 

0106-1 

0107-1 

0107-1 

0107-2 

0110:-1 

0110-2 

0111-l 

0111-2 

0112-1 

0112-2 

0113-1 

0113-2 

0114-1 

0114-2 

24 llr. Clock 
Start ! .Finish 

"* 10:24 12:34 
** '8:39 10:49 
** 9:01 10:31 

** ll: 16 12:45 
•• 15:31 16:46 

*" 8:50 10:59 
11111 

12:53 15:27 
* . 8:48 10:54 
* ll :31 13:38 
* 8:57 11:02 
* 12:10 14:15 
* 8:07 10:13 
* 10:45 12:51 
* 8:22 10:28 
* 11:13 13:20 

* steady state test 
** parametric test 

Total Test 
Time-Min. 

120 

120 

84 

84 

60 

120 

123 

120 

120 

120 

120 

120 

120 

120 

120 

GAS SAMPLE 

3 VOLUME 
M. pSCF 

2.108 74.438 
' 

2.117 74.763 

1.393 49.194 

1.360 48.028 

0.966 34.121 

2.086 73.676 

2.144 75.694 

2. 121 74.911 

2.015 71.146 

1.956 69.059 

1.970 69.570 

1.994 70.410 

1. 953 68.962 

1.889 66.695 

1.926 68.029 

~SOKINETIC 
SAMPLING . 

RATE 
% 

98.0 

100.2 

99.2 . 

97.6 

101.5 

95.5 . 

94.4 : 

112~0 

103.5 

99.8 

102.6 
' 

l 

100.4 

98.9 

103.8 

96.8 

I 



DATE 

LD-29-82 

~D-29-82 

~1-1-82 

11-1-82 

1-3-82 

1-4-82 

~1-lS-82 

~1-15-82 

Jll-16-82 

IJ.l-16-82 

~1-16-82 

~1-17-82 

1-17-82 

1-18-82 

1-18-82 

1-19-82 

1-19-82 

1-19-82 

1-19-82 

lal:>le J 

Boiler Outlet Flue Gas Data: SRC Fuel Testing Series 

WFI ! BOlLER PERCENT 
! 

TEST TEST By Vo1uJJe Excess 
NO. NO. C02 02 Air 

Bo-1 1029-1 14.6 4.4 25.9 

Bo-2 1029-2 13.6 6.0 J9.1i 

B0-3 1101-1 12.8 s.o 29.9 

BD-4 1101-2 12.] 5.9 37., 

~s 1103-1 12.6 5.6 35.0 

BD-6 1104-1 13.2 5.4 33.1i 

Bo-7 1115-1 12.2 6.4 42.4 

B0-8 [115-2 11.2 7.0 47. '9 

Bo-9 1116-1 12.0 6.8 46.4 

Bo-10 1116- 12.0 6.8 46.4 

BO-ll 1116- 11.0 7.8 57.2 

B0-1:! 1117- 11.8 8.0 60.7 

B0-13 1117-· ll.8 6.8 46.) 

10-1~ 1118- 10.8 8.0 59'.5 

B0-15 11!8-~ 11.8 7.0 48.5 

80-Ui 1119- 13.0 6.6 45.1 

B0-17 1119- 13.0 6.6 4~.1 

B0-18 1119-· 11.4 7.0 48.1 

B0-19 Ul9- 11.4 7 .o 48.1 

a kilograms per cubic meter 
b pounds per cubic feet 
c graas per square centimeter 
d inches of water 
e degrees centrtgrade 
f degrees fahrenheit 

PERCENT CAS 
HOI STURE DENSITY 
BY VOLUME a 

IKRAf
1 b 

Lh/PT
3 

5.6 .628 .0392 

6.4 .613 .0383 

6.2 .639 .0399 

6.7 .628 .0392 

6.2 .612 .0382 

5.] .644 .0402 

6.0 .647 .0404 

s.s .645 .040] 

5.6 .647 .0404 

].J .647 .0404 

5.7 .634 .0396 

5.8 .641 .0400 

6.4 .647 .0404 

6.5 .647 .0404 

5.5 .634 .0396 

6.4 .658 .0411 

7.1 .636 .0397 

6.8 .650 .0406 

6.1 .628 .0]92 

STATIC 
PRESSURE 

c/: .. 2 
d 

IN, WG 

-23.6 -9.3 

-18.8 -7.4 

-19.] -7.6 

-20.8 -8.2 

-17.8 -7.0 

-19.5 -7.7 

"-21.1 -8.] 

-20.5 -8.1 

-20.8 -8.2 

-19.0 -7.5 

-18.5 -7.] 

-20.0 -7.9 

-20.5 -8:1 

-15.2 -6.0 

-12.7 -5.0 

-20.8 -8.2 

-20.5 -8.1 

-19.5 -7.7 

-19.8 -7.8 

STACK CAS GAS FLOW RATES 
TEMP. VELOCITY 

R h i j k 0~ of 
p crrJSF.r. PPM ACHM ACFH DSQit 

280 537 1,895 3, 731 332 

291 SS6 2,062 4,060 361 

265 510 1,759 ],462 ]08 

273 52] 1,994 3,925 349 

287 549 2,096 4,127 367 

262 SOJ 2,099 4,132 367 

262 SOJ 1,967 ],873 344 

263 506 2.109 4.152 369 

261 502 1,992 3,922 349 

265 510 2.311 4,549 405 

269 517 2.382 4.689 417 

266 Sll 2.162 4.256 379 

258 497 2,205 4.348 387 

260 500 2,15~ 4,243 377 

276 529 2.371 4,680 416 

253 488 2,071 4.077 ]6] 

270 518 2, 20( 4.]]1 385 

254 490 2,07, 4,079 ]6] 

275 528 2,26 4,462 389 

g centimeters per second 
h feet per minute 

11,721 

12,755 

10,870 

12,325 

12,958 

12,974 

12.167 

1J,043 

12.320 

14.291 

14,732 

u.Jn 

u.6s8 

13 1 331 

14.702 

12,807 

13,608 

12,815 

13,746 

i actual cubic meters per minute 
j actual cubic feet per minute 

1S8 

168 

150 

167 

171 

181 

171 

184 

173 

20] 

204 

186 

191 

187 

203 

182 

185 

180 

195 

k dry s~andard cublc cetera per minute 
at 68 F and 29.92" Hg 

1 dry standard cubio feet per •inute 
at 68°F and 29.92" Hg 

1 
DSCFH 

5,591 

5,931 

5,298 

5,888 

6,047 

6,387 

6,024 

6.488 

6.119 

7,175 

7,194 

6.567 

6.762 

6,608 

7.167 

6,41J 

6,551 

6,369 

6,882 



Table 3 (Continued) 

Boiler Outlet Flue Gas Data: SRC-Water Slurry Firing Series 

WFI BOILER PERCDIT GAS STATIC STACit GAS GAS n.ov RATES 
DATB TEST n5T· ~·Y Volume Excess PERCENT · [•ENSITY PRESSURE TEHP. VELOCITY 

NO, NO. co2 02 Air MOISTURE KafHl Lb/FJ13 Clem 2 IN. WG 0(: .. 
aa/SEC FPH ACHH ACPH DSCtlt DSCPH F 

BY VOLUME 

-5-83 B0-41 01•)5-1 l4.4 3.4 l8.6 10.7 .658 .0411 -17.2 -6.8 248 L78 194/t 3826 341 12,043 165 5,835· 
-6-83 B0-42 Olol6-1 l4.0 ~.1 23.4 11.3 ' .647 .0404 -22.6 -8.9 247 ~-76 1946 3831 341 12,060 162 5,731 
-7-83 B0-43 0!•)7-1 14.0 3.6 19.8 11.3 .657 .0410 -22.6 -8.9 235 ~55 182] 3588 320 11,294 154 5,440 
-7-83 B0-44 o'11)7-1 13.8 14-0 22.6 10.7 .639 .0399 -22.6 -8.9 250 482 1848 3638 324 11,452 153 5,397 
-7-83 B0-45 011)7-2 14.8 3.0 16.0 10.7 .639' .0399 -24.4 -9.6 250 1183 1774 3492 311 10,994 146 5,163 
-10-83 . B0-46 01l0-1 14.0 5.0 30.5 10.7 .645 .0403 -13.7 -5.4 249 1180 2009 3954 352 12,449 168 5,919 
-10-83 B0-47 0110-2 13.2 ~.0 22.4 10.5 .ill .0394 -ll~ 7 -5.4 259 1199 2076 4087 364 12,867 170 6,009 
-11-83 B0-48 0111-1 13.0 ~.0 22.3 10.1 .631 .0394 -23.3 -9.2 252 48& 1767 3478 310 10,950 145 5,134 
-11'-83 B0-49 01!1-2 14.0 ~.o 22.7 12.2 .633 .0395 -23.6 -9.3 249 ltlll 1847 3636 324 11,446 149 . 5,279 
-12-83 B0-50 01:2-1 13.8 ~.0 22.6 10.5 .684 .0427 - 6.8 -2.7 228 44J 1697 3340 298 10,516 150 5,314 
-12-83 B0-51 0112-2 14.8 p.6 20.1 11.8 .653 .0408 - 6.3 -2.5 251 46-i 1762 3469 309 10,921 147 5,204 
-l3-83 B0-52 0113-1 il4.0 ~.o 22.7 9.8 .644 .0402 -2".1 -9.5 253 463 18U 3587 320 11,291 152 5,385 
-13-83 B0-53 0113-2 13.5 ~.3 24.7 

' 
11.8 .649 .0405 -23.8 -9.4 243 4.70 1816 3575 319 11,255 151 5,350· 

-14-83· B0-54 0114-1 13.4 ~.2 23.9 11.6 .E-65 .0415 - 6.8 -2.7 233 4!5 l 1630 3208 286 10,099 140 4,935 
-14-83 B0-55 0114-2 ll.6 ~.8 21.1 11.4 .E-53 .0408 - 6.1 -2.4 243 4JO 1815 3574 319 11~253 153 5,397 



Table 3 (Continued) 

Boiler Outlet Flue Gas Data: SRC Residual Oil Firing Series 

WFl BOILER PERCENT GAS STATIC STACK GAS GAS PLOY RATES 
DATE TEST TEST ~y Voluma Excess PERCENT DENSITY PRESSURE TEMP VELOCITY 

NO. NO. co2 02 Air K>ISTURE K11/H 3 Lb/Fl' 3 Clem 2 IN. \IG oc oF !alii/SEC FPH ACHH ACFH DSQtH DSCFH BY VOLUME 

12-8-82 B0-20 1208-1 15.4 3.2 11.5 9.5 .689 .0430 -25.6 -10.1 235 455 1,635 3,219 287 10,130 146 5,149 
12-8-82 B0-21 1208-1 15.4 2.6 13.6 9.8 .666 .0416 -26.1 -10.3 250 483 1,627 3,203 285 10,080 140 4,957 
12-9-82 B0-22 1209-1 13.0 4.8 28.4 9.3 .668 .0417 -24.6 - 9.7 240 465 1,907 3,755 335 11,820 167 5~902 
12-9-82 BD-23 1209-2 13.6 5.4 33.8 8.6 .674 .0421 -24.6 .,. 9.7 239 463 1,855 3,652 325 11,493 164 5,801 
12-10-82 B0-24 1210-1 14.8 3.2 J7.3 10.1 .655 .0409 -25.9 -10.1 244 471 1,133 3,411 304 10,736 147 5,194 
12-10-82 BQ-25 1210-2 15.0 3.0 16.1 9.7 .657 .0410 -25.9 -10.2 235. 455 1,695 3,336 297 10,500 147 5,192 
12-13-82 B0-26 1213-1 15.0 3.2 17.4 10.0 .671 .0419 -18.3 - 7.2 239 462 1,648 3,245 289 10.213 143 5,059 
12-13-82 B0-27 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 ll.4 10.3 .657 .0410 -26.4 -10.4 243 470 1,676 3.300 294 10,385 142 5,024 
12-14-82 B•J-29 1214-2 14.6 3.4 18.6 9.6 .653 .0408 -25.9 -10.2 247 476 1,691 3,328 297 10,474 144 5,076 
12-14-82 B0-30 .. 214-2 14.4 4.1 23.5 10.1 .657 .0410 -25.6 -10.1 243 470 1,694 3,335 297 10,497 144 5,094 
12-15-82 80-31 1215-1 14.0 4.0 22.7 10.1 .660 .0412 -25.9 -10..2 239 463 1,676 3,300 294 10,385 144 5,076 
12-1~-82 1!0-32 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 fiO-ll 1215-2 14.8 3.2. 17.3 10.3 .653 .0408 -25.6 -10.1 245 474 1, 721 3,388 302 10,662 145 5,134 
12-15-82 B0-34 1215-3 14.4 3.4 18.6 12. 1 .658 .0411 -38.1 -1~ 231 448 1,554 3,060 273 9,631 131 4,620 
12-16-82 B0-35 1216-1 12.0 6.4 42.3 9.8 .645 .0403 -24.6 - ~. 7 244 472 1,715 3,377 301 10,628 145 5,124 
12-16-82 80-36 1216-2 14.2 4.2 24.2 9.9 .645 .0403 -24.6 - !1.7 248 479 1, 716 3,378 301 10,630 144 5,088 
12-16-82 B0-37 1216-2 14.0 4.0 22.7 9.3 .657 .0410 -21.3 - 3.4 242 468 1,904 3,748 ]]4 11,796 163 5,767 
12-17-82 B0-38 1217-1 15.8 3.0 16.3 9.7 • 700 .0437 - 1.5 - •).6 227 441 1,595 3,140 280 9,882 144 5,099 
12-17-82 B0-39 1217-1 14.2 4.0 22.7 9.9 .692 .0412 - 1.8 - J.7 229 445 1,620 3,190 284 10,039 146 5,146 
12-17-82' B0-40 1217-2 15.4 2.8 14.9 10.2 .698 .0436 

j 
- z.o - 0.8 227 4'40 1,585 3,120 278 9,818 143 5,039 



DATE 

1()-29-8!'' 

lG-29..:.8.2 

11-l-82 

11-1-82 

ll;_l-82 

1.1-4-82 

11-15-82 

l.l-15-82' 

u.:.u-8·2 · 

U-16-82 

11-1~-82 

·.·.. . ~ 11-11-B'Z 

.~1..:17-82 

11-18-82. 

p 1-18-82 

Ll-19-82 

11-19-82 

H-19-82 

~1-19-82 

WFI 

Table 4 

Boiler·outlet Partic~late Emtssion Data: 

BOILER TOTAL 

SRe Fuel Testing .~eries 

·. 

TEST TEST COLLECTED PARTICULATE CONCE!n'RATION PARTICULAtE PJHSSIOH RATES 
NO. NQ; HASS b l Ga lllll.+t 

11().,-1 1029-1 ].0683 891 

110-2 . 1029-2 1.6300 506 

iio-J 1101-1 2. 5511 586 

~4 110i-2 2.4380 sn 
. 110-.5 llOJ-1 1.8946 566 

ao-6 1104-1 2.3485 513 

110-1 111s-1 2 •. 4053 5·2.5 

80-8 1115-2 1. 516S 369 

110-9 1116-1 1. 785-2 372 . 
ao-io 1116·2 0 .. 4689 448 

110-11' 1116-J 0.6719 356 

ao:.u 1117-1 2.1958 428 

·BO-"u 1117-2 2. 7683 544 

110-14 1118-1 1. 9844 407 

B0-15 1118-2 2.2705 429 

BO-'t6 1il9-l 2.0918 444 

110-17 1119-1 0. 3))3 1,1H 

110-18 1119-2 1. 8536 398 

8()-19 1119-l 1. 9355 393 

a grams 
b milligrams per cubic meter 
c graina per actual cubic feet 
d milligrams per stao~ard cubic meter 
e gratng per dry standard cubic feet 

at b8 F and 29.92" Hg 

d J c 
Cr/ACF •• .41 

0.3896 1,869 

0.2210 1,087 

0.2562 1,202 

0.224] 1,074 

0.2473 1,212 

o. 2243 1,04.2 

0.2294 1,06-0 

0 .. 1615 743 

0 . .1625 74P 
' 0.1957 892 

0.1557 . 729. 

0·.1871 871 

0.2379 1,099 

0.1781 822 

0.1877 881 

0.1939 886 

0.5029 2,390 

0.1738 800 

0.1717 784 

e 
Cr~SCF 

0.8167 

0. 4753. 

0 5255 : 

. 0:4696 

0.52" 

0.4556 

0.4634 

0.3246 

0.3272 

o. 3897 . 

0. 3187' 

() •. 1808 

0 ... sos.. 
o. :•59) 

o. ::&51· 

0.1872 

1.0447 

O.l498 

0.~29 

'. f 8 h·. 
ltg/ HR :Lb,tUI ·nsP 

17.8 39.2 6ll.6 
' 

11.0 24.2 395.5 

10 •. 8 .23 •. 9. 407.-0 

.10. 7 . 23.7 .. 388.1 . 

12•5 .. . 2].5 429.2 .. 

u .. J: . 24.9 364.J. 
1-0.9 24 .• 0 m.:t·. 
: 8.",2 18.1 289 •. 5 

7.8 ·17.2' . 287.6 .· 

10.9 24.0': 142.6 

. 8 .• , 19.7. 301.6 . 

' .. 9· •. 7 2LI5 l65.8 

12.6 27."9 422.4 

9.2 20.4 345.3 

10.7 2);7 341.4 

9.7 '21.3 135.6 

26.7 58.8 905.7 

8.7 19.1 .311. 9 

9.2 20.3 J05.8 

. 

f k llograme per houE". 
g pound per hour 

l 6 . 
Lb/10 aru 

. 1.42'0. 

0.9197. 

0,9466· .· 
I 

0.9025 

0.9981 

. 0 •. 8413. 

0.9213 

0 •. 6713 

0.668.9 

. 0~ 796, 

o .. 7ois 
. 0.8507 

0.9824 

0.8030 

0.7986' 

0.7806 

2.1063 

0.7254 

o. 7113 . 

.h nanograma per joulle 
i pounds per •llllon BTU's of 

heat input 

I 
I 



VFI 
DATE rEST 

NO. 

12-8-82 B0-20 

12-8-82 B0-21 

12-9-82 B0-22 

12-9-82 . 80-23 

12-10-82 ho-24 

12-10-82 B0-25 

12-13-82 B0-26 • 

12-13-82 B0-27 

12-14-82 B0-28 

12-14-82 B0-29. 

12-14-82 B0-30 

12-15-82 B0-31 

12-15-82 B0-32 

12-15-82 B0-33 

12-15-82 B0-34 

12-16-82 B0-35 

12-1.6-82 10-36 

12-16-82 B0-37 

12-17-82 B0-38 

12-17-82 ~39 

12-17-82 B0-40 

Table 4 (Continued) 

Boiler Outlet P~rticulate Emission Data: SRC Residual Oil .Fi~ing Series 

BOILER • TOTAL 
TEST COLLECTED PARTICULATE OONCENTRATDOH PARTICULATE EMISSION RATES 
NO. MASS 

~~~g/H3 3 
Lb/106 BTU c Cr:/ACF 11g/H Gr/DSCF ICg/Hll lb/HR og/J 

1208-1 0.7887 202 0.0881 396 0.1733 3.5 7.7 121.0 0.2,1S 
i . 

1208-2 0.7080 184 0.0804 374 0.1636 3.2 7.0 110.5 0.2570 

1209-1 0.6397 143 0.0625 286 0.1251 2.9 6.3 96.1 0.2235 

1209-2 0.4306 99 0.0431 195 0.0854 1.9 4.2 68.1 0.1584 

1210-1 0.4194 101 0.0442 209 0.0914 1.9 4.1 63.8 0.1484 
: 

1210-2 o. 5417 130 O.OS69 ~63 0.1152 2.3 5.1 79.5 0.1850 

1213-1 0.3682 92 0.0402 185 0.0811 1.6 3.5 56.7 0.1318 
1213-2 0.3521 89 0.0389 181 0.0790 1.6 3.5 55.8 0.1299 

1214-1 0.6138 154 0.0674 319 0.1393 2.7 6.0 100.7" 0.2:!42 
1214-2 0.5860 144 0.0629 297 0 •. 1297 2.5 5.6 91.6 0.2131 

1214;2 0.5389 134 0.0587 277 0.1209 . 2.4 5.3 89.0 0.2069 

1215-1 0.5099 126 0.0551 2~ 0.1127 2.2 4.9 82.5 0.1918 

1215-2 .0.3995 101 0.0443 204 0.6893 1.8 3.9 63.8 0.1484 

1215-2 0.4850 119 O.OSI9 246 0.1077 2.1 4.7 75.2 0.1750 

1215-3 0.3926 207 0.0903 431 0.1882' 3.4 7.5 132.9 0.3092 

1216-1 0.5420 133 0.0583 217 0.1210 2.4 5.3 103.1 o. 2398 

1216-2 0.5715 142 0.0620 296 0.1296 2.5 5·.6 96.0 0.2233 

1216-2 0.3061 69 0.0304 142 0.0621 1.4 3.1 45.4 0.1056 

1217-1 0.4983 133 0.0580 257 0.1123 2.2 4.9 77.6 0.1805 

1217-1 0.5060 135 0.0589 263 0.1150 2.3 5.1 84.1 0.1956 

1217-2 0.5505 147 0.0641 286 0.1249 2.4 5.4 85.3 0.1984 

' . . . 
; ·;t. 



Table 4 (Continued) 

Boiler Outlet Particulate Emission Data: SRC-Water Slurry Firing Series 

I ' 
WFI BOlL Ell TOTAL 

lotuE 'I' EST ·TEST . (X)U.ECTED · PARTICULATE CONCENTRATION PAJI.TICULAT! !HISSIOM llA!'!S 
NO. NO. HASS 

-~~ as~.r L'b/106 BTU c Cr/Acr Cr/DSCF 1a1n . Lb/HJl Di/J -
1-S-83. B0-4ii 0105-l 7-.5523 58'S 0 .. 2558 .. 1.Z08 . 0.528() . 12.0 26.4 375.3 0.8727 
L-6-ll-3 80-42 0106-1 2.4044 538 0.2354 ·1133 0~49Sl 11.0 24.4 366.7 0.8527 
1-7-8) B0-41 0107·1 . 1.6767 578 0-,2528 '120.1 0.5248 11.1 . 24.5 377.4 0.8716 
1-7-83 80-4 ... 0107-.1 2.0396 :ros' '0.1082 • 1496 0.6539 13.7 ·30.3 481.1 1.1188 
1-7-83 B0-45 0107-2 

I 

11~ 1 0.8921 1.2232 59) 0.2593 1263 : 0.5521 24.5 )83.6 
1-10-81 10-4, OllQ-1 ).0508 .,4 0.)032 1459 0.6377 14.7 32.4 498.8 1.1601 
1-10-8) B0-47 ·0110-2 2.6JSJ 573 0.2.503 1227 0.5362 12.6. 27.7 394.6 0.9177 
1-11-8) B0-41 0111-l 2.4096 !ill 0.2323 1133 0.4954 9.9 21.8 364.6 0.8479 
1-11-83 B0-49 0111-2 2.8080 641 0.2802 1391 0.6079 12.5. . 27 ·~ 447.4 1.0404 

i l-12-83 B0-50 0112-1 2.3868 615 0.2690 1218 0.5321 11.0 24.3 391.7 0.9109 
' 

1-12-83 B0-51 0112-2 2.0913 !·05 0.2206 1059 0.4629 9.4 20.7 332.8 o. 7740 
1-ll-83 B0-52 0111-1 1.9381 '63 0.2022 970 0.4239 8.9 19.(1 312.0 0.7256 
1-ll-83 B0-53 0111-2 2.0331 li94 0.2158 1039 0.4540 9.5 20.9 340.2 o. 7912 
l-14-8] B0-5~ 0114-1 2. 3217 ~99 0.2619 1227 0.5361 10.3 22.7 399.2 0.9285 

. 1-14-8) B0-55 Ollft-2 2.3970 ~95 0.2602 1241 0.5426 11.4 25.1 394.7 0.91'19 

-



! SRC SOLIDS TESTING SERIES 

DATE TEST II L.O. I. 

10-29-82 B0-1 95.4 

10-29-82 B0-2 90.5 

11-l-82 B0-3 93.9 

11-1-82 80-4 93.3 

11-3-82 80-5 78.6 

11-4-82 80-6 90.1 

11-15..:.82 80-7 92.8 

11-15-82 B0-8 89.8 

11-16-82 B0-9 92.6 

11-16-82 B0-10 92.2 

11-16-82 80-11 92.5 

11-17-82 80-12 90.5 

11-17-82 80-13 94.1 

11-18-82 80-14 77.5 

11-18-82 80-15 87.2 

11-19-82 80-16 88.2 

11-19-82 80-17 93.7 

11-19-82 80-18 84.7 

11-19-82 B0-19 83.8 

0 A percent wt. lost L.O.I. @ 750 C 

Table 5 

Boiler Outlet Loss on Ignition 03ta 

SRC RESIDUAL OIL FIRING SERIES SRC SLURRY FIRING SERIES 

DATE TEST IJ L.O. I. DATE TEST I L.O.I. 

12-8-82 B0-20 88.5 1-5-83 B0-41 75.5 
12-8-82 B0-21 90.1 1-6-83 B0-42 71.6 
12-9.;.82 80-22 82.5 1-7-83 80-43 70.0 
12-9-82 80-23 74.0 1-7-83 B0-44 11.1 
12-10-82 80-24 82.9 1-7-83 80-45 64.9 
12-10-82 80-25 81.4 1-10-83 80-46 69.5 
12-13-82 80-26 79.6 1-10-83 80-47 68.7 
12-13-82 80-27 77.7 1-11-83 . 80-48 63.2 
12-14-82 80-28 87.5 1-11-83 B0-49 65.4 
12-14-82 80-29 87.4 1-12-83 80-50 69.1 
12-14-82 80-30 86.5 1-12-83 B0-51 64.8 
12-15-82 B0-31 86.1 1-13-83 B0-52 70.0 
12-15-82 B0-32 88.3 1-13-83 80-53 71.4 
12-15-82 80-33 86.1 1-14-83 80-54 74.2 
12-15-82 B0-34 91.1 1-14-83 80-55 81.1 
12-16-82 80-35 87.5 

12-16-82 B0-36 88.7 

12-16-82 80-37 87.5 

12-17-82 80-38 88.2 

12-i7-82 B0-39 79.2 

12-17-82 80-40 10.0 



Table 6 

Analyses of Fuel anrl FlttP Gas Data 

.,. 'rva. on IIC nc usmuAL on SIC SLDU.t 

~1TJCAI. TTPI or I tully .1 Steady 
rar-u·J 

Study I ltudy 
IUU'Ltl ftS'rS Par-trk lt.ata Par-trk lt.ata lt.ata Par-er fc lt.ate 

UNITS Kin Ku Kin Ku. Kin Ku Kin Ku Kin Ku lUll Ku. lUll Ku Kill !Ia 

.rvu. AIUJ.TSIS 

D'lc mete -.1y.t• .,.. ..... % 11.18 - 0.46- ·6.18 - .5.70 - 7.97 - 7.81- 7.77- 7.58 -
ll.U2 14.42 6.2.5 6.34 8.14 8.11 7.8.5 7.77 

c:an- z 81.69 - 80.20 - 86.20 - 84 • .52 .. 8.5.18 - 85.66 - 56.26 - 57.65 -
13.61 8.5.71 16.41 86 • .52 87.00 87.02 .57.37 sa.ot 

llu•a• % 0.21 - 0.16 - 1.93 - 1.74 - 1.23 - 1.19 - 1.16 - 1.16 -
0.26 0.27 1.97 2.08 1.3.5 1.36 1.29 1.28 

lellfu~ I o.u - o.so - 0.82 - o.aa - 0.40 - 0.42 - 0.69 - 0.6.5 -
0.61 0.71 0.93 1.03 0.49 0 • .57 0.71 0.70 

~ ......... 
~2.38 -Olrn- I 4.U - 0.35- 4.17 - 4.02 - 3.13 - 3.02 - 31.91 -

5.36 8.36 4.36 6.11 5.30 4.73 33.47 S%.57 

Aeb I 0.07 - 0.07 - 0.36- 0.03 - 0.04 - 0.02 - 0.38 - 0.27 -
0.14 0.19 0.42 0.52 O.OIJ 0.11 o.ss 0,49 

~uure I s.1 - 3.0 - 0.37 - 0.42 - 0.11- 0.23-
I 7.8 6.7 0.38 0.66 1.32 1.32 

... , ... falua ITU/LII 17404 17421 15781 15686 46678 16601 10384 1051% 
-17.556 -18168 -1.5789 -158.52 -16817 -16808 -10627 -10632 

Spac:Uk C:rnity f 7.5°1 0.9467 

~1JAia Pan1.1::1a Sua % 96 90- 87 -
.. _ 

Cooai.-t(-200 Kaab) 100 91 91 

~IC-1 Coec•tratSae % 65.3 - 66 • .5 -
66.4 66.7 

rt.l7l c:AS AIIALTS IS 

Oz I 0.6 - 2.3 - 3.1 - 2.7 - 0.4 - 2.4 - 2.1 - 3.0 -
.5.1 2.5 .5.4 6 • .5 4.4 2.7 4.0 3.1 

CDz % u.1- 13.3 - u.1 - 11.7 - 13.8 - 14.6 - :u.o - 14.7-
15.4 13.8 14.7 1.5.1 16.7 14.9 16.0 15.t 

CD p.- 22- 20 - 70 - 30 - 25 - 29 - 51 - 60-
190 48 370 313 123 49 280 17 

IOz ppa 445- 378 - 566- 499 - 315 - 345- 714 - 621 -
.560 .533 667 674 409 391 797 752 

.Lb/KITO 0.90 - 0.69 - 1.26 - 1.17 - 0 • .59 - 0.6.5 ~ 1.38 - 1.20 -
0.97 1.00 1.29 1.36 0.71 0.73 1.47 1.~7 -. ,. 202- 167 - 402 - 447- 461 - 427 - 321 - 334 -

241 239 494 9.50 .533 .542 440 409 

LII/MI'!U 0.2.5 - 0.22 - 0 • .56 - 0.63- 0 • .57 -
0.34 0.32 0.10 1 • .54 0.76 0 • .56 - 0.41- 0.47-

0.74 0.65 0.56 

DC ,. 0.2 - 0.2 .. 1 - 1 - o.z .. o.l - 1 1-
2.0 1.0 2 2 o.a 0.1 2 

Opad&y % 1 - 1 - 15- 11- 6 - 3 - 10 - u-
6 """l.o 48 44 17 10 14 12 

PUTlCUl.ATl !KISSIORS 

a.... IIU.aa1oza lata Lb/llr 0.60- 0.50 - 28.5 - 17 • .5- 2.4 - 2.46 - 23.36 - 19.31 -
1.15 1.11 3.5.5 34.1 6.5 .5.21 31.7.5 2.5. 74 

lai.-aJml 1.-ta BHt Lb/KIItu 0.02 - 1.07 -
tapuc Baa!.- 0.04 0.02 - 1..26 0.66- 0.09 - 0.09- 0.86- 0.74 -

0.04 1.25 0.24 0.20 1.15 1.00 

c:.n- Coet•t (J.DI) I 24.9- l6.6- 60.9- 41.3- 50.1 - ~-·-
67.4- 63.1 -

n.s 47.1 t3.3 9.5.1 88.7 19 • .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 inp.ut of 250 

million Btu/hr is 0.03 lb/106 Btu. Based on boiler emissions measured 

during the test program, the SRC Fuel averaged 0. 9243 lb/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 

Oil averaged 0.1970 lb/106 Btu, which would require a control system 

with a collection efficiency of 84.8%. Finally, the SRC-Water Slurry 

l:!mi!:.~iu"~ averaged 0.9085 lb/106 Btu, whir.h 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 Oil produced the lowest particulate emissions, partly 

because of its lower ash content and superior comb~stion properties. On 

a lb/106 Btu basis, particulate emissions from SRC Residual Oil 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 amount averaged only 2% higher than the SRC Water-Slurry 

emissions. 

During the SRC Fue 1 burn, emission rates from severa 1 tests were 

considered outliers, when compared with the average series emission 

rates. Tests B0-8 and B0-9 were 27 and 28% 1 ower, respectively, com­

pared to the series average of 0. 9243 lb/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 probl~m~ with the test procedures or analysis, these emission 

variations were probably due to variations in boiler conditions. 

During the SRC Residual Oil series, Tests B0-20 and B0-34 had 

emission rates that were 43 and 57% higher, respectively, than the 

.,, 
,. i. 



series average of 0.1970 lb/106 Btu. Also, emission rates from tests 

B0-26 and 80-27 were 33 and 34%, respectively, lower than the series 

average. Apparently, these tests were also outliers due to variation in 

boiler conditions. 

The loss on ignition (L.O.I.) data averaged 93.9, 94.3, and 70.0 

for the SRC Fuel, SRC Residual Oil, and SRC-Water Slurry. resper.tivPly 

22 



VII. NOMENCLATURE AND CALCULATIONS 
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Awnwence~ NOMENCLATURE 

~ 
(I) 

I•J 
A,I,C,k 

acl 

ACF 

ACJIN 

All 

AI 
(1»)-

(b) 

(c) 

c 

CM 

CHtl 

CP 

CT 

" 
DD 

DN 

D, 

D' • 
nnt, 

Dn4r 

F.PA 

!QN 

FH 

CBS 

Cr/ACF 

r.r/~ncF 

H 

at! 

My 

Hzo 

. \HzO 

Ulltu De1crtpUoa 

rarc .. t·l r.oluaa 14eacllicetloa for trawene potat 
di1teace oa circular at•c• or 4uct · 

, •. "z" 1 roh••· •••au rsc.u •• tor ., 

,,s 

rts 

Pt5/1Cta 

,,z 
,,z 
.... 
Ia. 

•• 
,,s 

Ptl 

Ptl 

Lb/Ftl 

Ia. 

Ill. 

Ft. 

Ia. 

Ftl 

Ftl 

Cratas 
Per 
Ftl 

r.ulns 
rer 
ftl 

Ja. 

111. n.zn 

Percent 

Port 14entlftcettoa 

Actual cuhic faat: ftluae af 111 ••Pried 
at dry tilt .. tar t.-reratur•, pre11ure, 
aad •S ature 

Actual wei- of au aupled at life\: 
coadltlona 

Cea voluaatric flow rata at at•c• con· 
dit10111 

Actual aozzlo opoataa .,.., 

Area of duct or atac• 

Coluan ldentificetioa for (e) ezpre11ed 
ill lac II uai t1 

Coluaa identificetioD for t 1 
Coluan Sdenttftcatlon for probe aerkinl 
dittence, dect .. l tnd neere1t 1/4 inc~ 

Liquid •tsture voluae condenl!•l iD con· 
denser/iapinaer end deatccent totether 

Moisture voluae in 111 ~hese, .. tered 
throuc~ dry test .. ter et ~p 

Coaden1er 

C ezpre•••d 11 a••·rh••• .. tsture et ~P 

Tour a•1·r~• .. aoistur• ,·oluae et ~Tr 

nensity of wet stacl a•~ 

Actuel 1101111 dieaeter 

Celculeted nozzle dte•e,er 

Dt••eter of steck or duct 

Dteaeter of steel or duct 

Final dry usc .. ur 11s \"Olu•e r .. cltn~ 

Initial dry test ••t•r ~·s wolu~• 
reed Ina 

Federel P.nvtronaental Protection Aaency 

Equu ion 

Fllter holder 

Crunbura· Salt~ 

~ISS of r•rtlculete ••tter in aralns re 
one cubic foot of •••pled 1•• It stect 
conditions 

H~~~ of pertlculete aetter In 1reln~ re 
nne cuhic foot oC seapled e•~ It ~t•n· 
derd dry c~ndltlons 

"••sure of well thickn••• end prohe 
holder l•nat~ toaet~er 

Orifice dtffere~tial tndlcettnl ~~ 
•••pltna tr1in flow rete · 

Velocity correction f1ctor 

Water or •ol1ture 

~oisture content of tt•ck a•• (hy 
Yolu.e) 

Percent! lsotlnetlc •••rlinl r•t• 

li:)'l!bOl 

II , ... 
.. 
•enz ., 
., 
. I 
'r 
k . • .... 
•aohture 

•r 
1rre••ure 
.. ,. 
•. 
,~, 

'1,. 
., 

s 

·'"'dry 

""···t 
~ 

p.;.~ ,r .w 

'" 
r,. 

r~ 

r 

~e 

~rr-

~'lrF 

~I'IC'F'I 

~TI' 

t 

t,. 

tl 

t, 

''•u 
v,., 

v11td 

Vue 

r.r 

., 
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Datu 
~ 

Percent 

Ice bath 

, . .,,,,., 
.oanant 

Rtaerlptlp!! 

elocity correction for •oleculer waiaht 

Flow correction 

laoktnetlc ... plina correctio• ezcladtaa 
·rreuure correction 

lsoklnertc seaplina correctto• lacludtaa 
pre1sur• correction 

l1otlaetic ••ter t,.per~tvr• carr•~~tnR 

lsokiaetlc •otsture correction 

Velocity correctlon.for aolature 

Pltot tube COIIItlnt 

Velocity correction for static pressure 

Jtoklnetlc orlflcl constant 

laokinetic stect trapereture correctloa 

~ni1tur•_in dry test oeter 111 (by yoluae) 

Llo/Lb Noh •.tolecullr .. el,llt et ••ter condtUoaa 

Lb/Lb ~ole ~olecul~r wel~ht at steel conditiODI 

Uo/Lb '!ole 'l~>lecular "elaht of dry suet a•• 

Lh/Ltl ''"h ""lecut~r welcht of wet neck 111 

ln. 11~1" 

tn. 1111 

ln. llzCI 

rr 1
/"l" 

Ft 3 

Ft 3 

Ft 3/"ln 

a,tnutu 
., 
., 
., 

Ft/Min 

Ft/Hin 

Ft/'lln 

ft/~ec 

r.ra•~ 

Nu•h•r of points to be treweraed 

lllrection~: north, aouth, eaat. and .. ~.t. •••rc~t&waly 

Velocity of steck a•• 

Aahient, h•roa•trlc ~r•••urt 

~tatlc pressure of 1t1c~ a•s (Ps .. , be 
rn. lla; check pertinent equetioll) 

~ract ~·· aaapllna rate 

~••pie bo• 

Gas Y<>l.,.,. It u•r lt.U Ia. Ha 

~Cf aas Yoluae withnut any •otlturo 

r.as •olu.etrlc flow rete et stenderd 
conditions 

!'tlnda rd cnnd I tions: u•r eod ZII.IIZ 
ln. H' 
Actual s••pltna tlat 

A•b!ent, dry bulb teaperature 

Ory test •eter Inlet a•s ta•perlture 

Stack aas dry bulb t,.pereture 

Actu1l ateck aas velocity at stack 
tt~ptratura, pressure, aDd •olsture 

V1ct •• deteralned froa pertlal tr•· 
verse of the duct 

Stack a•s velocity correct1d to ... , 
to ZII.U ln. Ha 

Velocity froa tables, uncorrected 

.Welaht of p•rticulatt collected ln 
u111plina train 

lml •eltheUOft factor 



A . WFI Sciences 

SCF. 

SDCF 

CP 

CM 

CT 

D 

v act 

I 

ACFM 

SDCFM 

Lb/Hr 

Gr/SDCF 

Gr/ACF 

Lb/103
Lb 

Dry Gas 

Lb/103Lb -. 
Wet Gas 

Lb/Hr 

CALCULATION FORMULAS 

• 17.64 aef ~•4:06!'!!·~ 
• SCF(100-%M) 

100 

Ill 0.0471 c 
• SCF(%M) 

100 

•CP+CM 

• 100 CT 
SDCF + CT 

• 0.0458 MW · rpa + Pa/13 .;1 
wet l 460 + t 8 J 

- 1097 .! ~ ill 
iD 

• 17 •64 V ria + P8 /13.6l 
ref [ 460 + t

8 
-j 

• (SDCF + CT)6000 
(t) (V std) (60An) 

• Vact(As) 

• 0.1764 (100- %H O)[Pa + Pa/lJ. 6~ • ACFM 
2 4.60 + t 8 j 

• ACFM x Density x 60. . . . . , • . . . (GAS FLOW RATE) 

• .;;;1~5~. 4~3~WP.;;.. 
SDCF 

• 0 1764 (100 - %H b)rf'a + Pa/ 13 .~ •Gr/SDCF 
· 2 L 460 + t 8 J 

• SS, 04 Gr /SDCF . 
MW . dry 

~ 

- 55.04 Gr/SDCF- ~00 - %H2~ 
MWwet X 100 

-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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AoD,J T I ONAL NOMENCLATURE AND FORMULAS 

Symbol U.ni~s 

%IL Percent 

%EA Percent 

E• Lb/106BTU 

F SDCF/104Bru 

%EA • . 100 %02 
0.264 (100-%02-%co2)-%o2 

%IL(0
2

) • %0
2

out - %0
2
in _ 

(100) 20.9 - :to2out 

%IL(C0
2 

& H
2

0) • (%In -1) 100 
%Out 

%IL(temperature) ~ 
t. t 
out - in 

t t 
a - out 

%IL(SDCFM) = (SDCFMout 
-1) 100 

SDCFM:1n 

Lb/SDCF .. Gt·/SDCF 
7,000 

E • Lb/SDCF (F) 

%Wet ~ %Dry lOO - %H20 
100 

Description 

In~Leakage to a Particular Unit 

Excess Air 

Pounds of Particulate Emissions Per Million BTU 
Heat Input 
"· 
F-factor for Fossil Fuels: 
Coal-Anthracite - 101.4 
Coal-Bituminous, Lignite - 98.2 
Oil-Crude, Fuel - 92.2 
Gas-Natural, Propane, But@ne- 87.~ 

(Exhaust Gas Concentrations) (Assumes CO N~gligible) 

100 (Well Insulated Units Only) 

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 

Filterables (Water jnscluble) 
Water.Spluble 
Organic Solvent Extractables 
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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 equipment used to determine 

particulate emissi'ons. Samples were extracted from the duct isokin­

et i ca lly by drawing the flue gas through a tapered, stainless steel 

nozz 1 e and then through the co 11 ect i ng components. The nozz 1 e 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-irr. Hg. The 

amount of inleakage was determined using the dry test meter: A maximum 

inleakage rate of 0.02 cfm is acceptable. 

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 ~as then shut down, the probe was moved to the next port, 

and the test continued. Sampling was concluded when all points had hPP.n 

sampled. 

The test train was dismantled and each collection component 

cleaned. Table A-1 summarizes the sample treatment and analysis. 

Gas Aria-lysis 

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 

r~n.=~lyz~;~ct in duplic.Jtc for co2 , o2 , alll.l CO using an Otsat Analyzer, and 

the nitrogen ~ontent was then determined by difference. 

Since the Orsat analysis gave results on a dry gas basis, the Orsat 

data and gas moisture data from the particulate tests were combined to 

give the wet gas composition, used to calculate the stack gas molecular 

weight on a ~et gas basi~. 
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Table A-1 Analysis of Particulate Sample - Filter Sample 
,
7

a;Trll !'1Aioi1'Lr 

C:lan Filler !!:hen • 47 - dla,.atof' clf'rnlar 
C:laat Flhrr ~heet • 4 Inch ~iaartof' circular z. 

•• •• I. 

C:laaa Fl~er Shret • I Inch ~~~••tof' circular 

v'c:b 
Clatt Fiber !l:hott • I Inch a ID inch rrctanaular 
C:1aaa Plhtr Tu~• • 1 Inch 4iaaotor a 6 Inch lon~ 
C:laaa Fiber Thla~l• • 1 Inch ~taaatar a 4 Inch loaa 
Alua4u. T~lablt • l lach dlaaater a 4 lach-lonc 

II~ .. IPliLD Pll~~~ ..,,. 
.... J. 

v•· 
THt fUur 
Talt fllttr 
Teat fUttr 
lleluce. 

ta dried at To•p aad tos•c for twe ~oura. 
la datlccato~ at •o•r for two houra. 
la tart watched ~lth aa analytical 

It I. Ptlt.D PaOCEDIIU 

'-' 1. Teet f11tar le placed la a auitable coataiaer after 
llelq IU~ in a teat. 

., I. Teet flltar la .. tahad (aa 1•) for pra1lalaary 
wlallt. 

.,..... 1. Teet filter -h valahocl (daaiccatod at ~o•f) for 
pre1lalaary particulate waia~t. 

~.. Tett filter lt waiahad (after drytna aad daalccat· 
taa) for praliainary particulata •••alit, 

tv. PO!T?l!LD PIIOC!D~IE 

A. C•pntu· Panlculau ~latter 

V' I. 

.,....... a. 
VJ. 

v•. 

Tatt filter ls drlad at 70•F aad 1os•c uatll 
particulate waiaht bacaaaa Ctftttaat. 

Teat fllter Ia daalccatad at 70°F for two-boura. 

Teat flltar la ••lahad wlth aa aaalytlcal balaaca. 

~a dlffaranc• batwaan poatfleld aad praflald 
vataht of tha filtar is reportad •• caapoalta 
part1cu1ata aattar. 

I. Waur Solubh and t:aur Insoluble Panlculata Mattar 

Wataf' l~aolublaa 

1. Test filter lt washed vlth watar. 

J. ~. ll~ul• lt flltartd wlth a tar .. lab filtar 
whicb ts also vaahad with water. 

J. Th• talt filter and tho lab filter are dried at 
1os•c uatil particulate •••aht becoaea constaat. 

4. f'a flltara are daslccatad at 70°F for two boura. 

S. Tba flltera &f'e weiahed with an analytical balaaca. 

1. Tha diffarence between postfield welaht and pre· 
flald wol1ht of the test filter and tht difference 
ktwean tho used weiaht and t~e tart wuaht of the 
lab filter are added toaethtr ar.d the sua Ia reported 
aa water laaolublo particulate aattor. -

Water Solublu 

7. Tha l&b·flltored water ~'shlr.as of the taat filter­
are collected in a ttred baat.ar. 

I. The liquid woluao of tha ~•ter waahlDII Ia ••••urad. 

t, ~. pH of tha liquid ia aoaaared. 

10. Tha liquid la evaporated at tos•c until partiCYl&te 
wataht beco••• constant. 

11. Tha baakar with partlculati 11 ••slccat•d- at 1o•r 
for two houra. 

1Z. Tha baatar rlus r•rtlculate Ia walahad with an 
aaal 1 tl,al Lalante. 

IS.- The difference between tha hta~ar rlut rarticulata 
welaht and tho tared hea~er •eir,ht is reported &1 
1r••• water aoiYble rnrticulata a&ttar. 

U. Wolaht or th• •·ater aolublt part lc-uhtr aattrr In 
tha equal aMOUftt of lab water II Calculated for 
tha blank correct1on. 

l!!rrl_: (I~) A. run •DIIIhlt•, waur llltolYIIlt•. 1114 oraiiiiC 
~till tllfiCII~It• ftrt IIICIUdt~ but not l~tntlfled. 
I. Oraanlc •nlwant aatnCt:\hl,.a are •nciY~rll h11t nt>t lolo·ntlfltli. 
c~ Water aolu~le' ~naly•i• ••• ha h~ras•oll. ,, '"· follow tha 
Preca,.ura loy r•rt~clna "water" with the oraanic •oh,.nt uoa~. 30 

lS, The arnu ,.:,trr •Oiul'le rertlculue anter 
alnua tha hlanl cl'rr,.cttnn I• rororted as 
•• , ••t•r aelu~l• rartlculata ••tter. 

C. Wattr ~o1uhle 1 W2trr ln•oluhle 1 end ~raanlc Solvrnt 
-~trec_tablc rort &t.:LO!ute U:atteJ' 

Water lnsnlublea 

1. Teat filter it vaohad wlt~ water aad also 
wtth oraanlc aolweat • 

z. Tha liquid Ia filtered with a tared lab filt•r 
vblcb la alao waahad with water and tha 
oraanlc aolwent. 

J. The teat filter and the lab filter are dried 
at 70•F and tos•c until particulate ••l&ht 
kcoaea coaataat. 

c. The f11tara ara doaiccatad at 7o•r for two 
houra. 

s. The filtara ara wtiahed with u 'au1ytlcal 
llalaace. 

6. Tho differeace between poatfleld welaht aad 
praflel~ ~•laht of t~• tilt filter and tha 
differrr.ce ~etw•rn thr uoed wrl,ht and the 
tara ••icht or the lab filter are edded 
toaather IDd tha sua 11 rr.ported at water 
lftiOl~ble partl~ulate •attar. 

Separation 

7. Tha lab·fil tend ~as Iliac• ara collected 
la a aoparatory fYnnol. 

•- Tlle water and the solvent are allowed to 
aatt1a until distinctly clear and aoparata . 

t. Additional solvent aey ba uaad to aabance 
tbe aepara tloa. 

10. Ttl• water and the aoh-ont liquids ara collected 
lD aaparata tared beaters. 

Water Solubln 

11. Tha liquid Toluae of tha water portion la 
aaaourad. 

lZ. Tha pH of tha liquid 11 aaaaurad. 

IS. Tho liquid !a evaporated at To•p and 1os•c 
uatil partlcYlate waiaht bocor.aa coaatant. 

U. The buter ~ith particulate h du1ccaud 
at 10•1 for t~o hours. 

15. Til• beaker plYs part1c~l•tt it ~•lab•d witb 
&D aaalytlcal talaace. 

16. Tht difference betwe•n the beaker plus partie· 
ularr wrichr ••d the tared ~ea~tr •ellh' 
iS reported as cross ••tar soluble ptrticulatt 
aattar. 

17. Welaht of t~e water soluble particulata 
aatter In the equal a•ount of lab water 
ta calculated for the blank correction. 

11. fha &rOSS Wlter SOlU~le partiCUlate •atter 
alnuo the blank correction Ia reported as 
net water solutle partlcYlate •attar. 

Oraanlc ~stv•nt Fnractabl u 

lt. 

zo. 

u. 

"'· 
u. 

u. 

25. 

The liquid voluao of the aolwant portion 
h ausurad. 

Tha liquid la evaporated at 7D•F aad 1os•c 
until partlculat• wal,ht boco••• constant. 

Tha bta~er with rartlculata ll ~tsiccatod 
at 7o•F Cor two houra. 

ina Dflltr plUI partiCulate 11 wel&h•d wltb 
an analytical ~alance. 

Tht difference between the be•••r plu• par· 
tlculatt wrlaht and the tared tratar vei,ht 
raporta~ as trt>as oraaftl' solvent oztractable 
particulate aattrr. 

Waltht of the ~raanlc •olvtnt ••tractable 
aatter In tht ~·,u•l ""OUnt of the lab oraonic 
eol,tnt Ia ''lcule''~ ror ~lan• correction. 

The aross orennlc •nlv•ftt ••tractable rnr· 
tlculatt anttrr •lnY• tha blant cotrtctiOft 
Ia reporte4 as fttt oraanlc solvrftt tatractaht• 
aatter. 



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

J, Uf'llllll SANrLE 

.... •• Trr•• of W1thln1 fluld 

n. 

$ 
•• 

. '· •• '· •• 

l. 

I. 

J. 

llenla wublllll 
Probe Wullln11 
Cord Wuhlna• 
Cyclone We1hlnas 
lllter "o\d~ ~ashln11 
laopln1er Ltqulo£ 

d; 
l. 

•• 

Dhtllled Water 
Acetone 
Freon TP 
0T11111c !'>olYnt 

r.,lnltr lashlna• 
,.._ or .,.. ef the abon uy be coablaed • 

lefor• a test bealna, the first t.a laplDJ•r• ere each 
filled wltb 100 •1/lSO •1 of water. 

At tbt n.S of the tilt, the liquid auple 1'01-• h 
a .. aure.S by a aeaaur1n1 cyl1n4er. 

n. llqul.S ·1aaple II poun.S Into a nlut-le container 
(Jlaaa or plaatlc, aonreactlwe wltb ~~ aa.pla). 

1IU Partl~ulate )latter ~ 
In a tared beaker at 70•f 
Wtl&ht beCOIItl COnltlllt. 

Tl• beaker plua particulate Ia .Stslccate.S at 7o•r 
fer two houri. 

Tle beaker plus particulate 11 welahtd with an aaalytlcal 
belaace. 

~ 1\e dllf•r•n~• between the "etktr plu1 pertlculatt 
~ •· .. taht and tht tared ~eaker vtiaht 11 reported •• 

trot' ~n.rnolt• partl~ulate aattrr. 

~ Wel&llt of the coapolltt partleulatt &attar In the 
ual arouet of tilt fhld ""attr end the fllld or1antc 

olvent 11 calculated for blank correction. 

I. 

1. T\e aroos co~posltt particulate natttr aiaue the corres· 
poadln& blank correction is reported as net c~po1lt1 
particulate attter. 

Water Soluble end Water Tntolu~lt Partlculete ~atter 

Water tnsolublta 

1. T\1 liquid , .. pie Is filttred with a tared lab filter· 
.tlch 11 also waahtd vith vatar. 

2. T\1 lab filter is dried et 1os•c until particulate 
.. iallt b~o••• eonstant. 

S. 1\e lab filter II ~esiceattd at 10•F for two hours. 

•· T\e lab filter 11 weiahed with an analytical btlence. 

S. T\e difference bet•ttn the used veiaht and tilt tare 
welaht of the lab filter is reported •• ~•t•r insoluble 
partl~ulate .. tter. 

Water Solublts 

1. The lab filtered liquid 11 collected In a tared beaker. 

7, The liquid vo!~a ~~ aeasurtd. 

1. T\e pH of the liquid Is •••sured. 

.t. The liquid Ia evaporated at 1os•c until particulate 
Wlilllt ~ecoa•• constant. 

10. The beaker with particulate Is deslcceted et 7o•F 
lor two hours . 

11. Tle beaker plus particulate Is welalled with an anelytlcal 
balaDCe. 

12. T~t difference hetwetn the better plus pertlculatt 
wolaht end the tared beekor weiaht is reported aa 
aro11 wlttr tolublt partieulatt ••~ttr. 

lJ. Welaht of the weter 1oluLle pertieulete aetter ift 
t~e equel aaount of fil!d Htn 11 elleulated... for 
bltnk ~orrection. 

1•. T~• aro11 weter soluble rartlculete aetter •tnus the 
bltnk correction I• reported 11 net weter 1oluhlt 
plrtl,ulatr litter. 

(. Weter ~nlu~le, ~nter ln•olu~le, •nd ~raonlc 
~ft\Vf'nt f~tract.,f'lte f:\rt h:uiAII QJttf'r 

Water Tnoolu~l•• 

l, The liquid '••rl• Is fllttrtd with • tared 
lab filter which Is 1110 Wtlhed with 
Wltlf and tbe OfJinic IOlYtnt. 

z. The lab filter 11 dried at 7o•r an.S lOS'C 
aat1l particulate welabt bteoaes constant. 

J, The lab filter ls desiccated at 7o•f for 
two llouu. 

•· The lab filter 11 weiJbtd with an anely· 
tical bdaace. 

S. The dlfferonet between the used ••ltht. 
aad tbe tare ••la~t of the lab filtor 
11 reported as water iaaolublt pertlculate 
utter. 

S.pantlon 

I. Tbe lab·flltere.S liquid 11 collected Ia 
• stparatory tunnel. 

7, Tbe water end tbe solvtat ere ellowed 
to ltttl• antll distinctly clear and ••p· 
a rate. 

I, Additional IOlYent aay bt ased- to tUaDCI 
the aepantlon. 

t. A flaae test or optleal tilt ••Y bt performed 
to ascertain separetlon. 

10. The water end the 1olvent liquids art 
collected In ltptrate tared betters. 

!~t!!': .. ~1':'~~·? 
11. Tbe liquid volua• of tbt water portloa 

h aeuured. 

ll. The pH a! tbe liquid is aeesured. 

ll. Tbt liquid is evaporated at 10"F and lOS'C 
aatll partlculete weiJbt becoaes.canstent. 

lC. 

15. 

~6. 

Tilt beaker with particulete is .Stslcceted 
at 7o•r for two hours. 

Tilt beaker plus pertlcuhu Is ~•lahed 
with an enalytlcal b1laace . 

The difference between the beaker plus 
particulttt weiaht ond the tared beaker 
wti&ht II ro9orted as aross water soluble 
~art1cultte aetter. 

17. Weiaht of the •tter solu~le parti~ulate 
aotter tn t~< equal amount cf the f>tld 
weter Is ~alculoted for the blank correc· 
tiaa. 

11. Th< aross water soluble particulltf ~tttrr 
alnus the blank ~orrtction it reported 
as net w1ter soluble particulate aetter. 

Or1an1c Solv•nt F.xtrectebles 

11. The liquid voluae of the solvent portion 
is ••asured. 

20. The li~uid Is evaporated It 7D'f end 1DS'C 
un~ll pertlculate welaht beco•e• constent. 

21. Tilt beeker vlth particulate It desiccated 
at 70"f for two hours. 

l%. The bttktr plus partlculete is weiJhtd 
with In analytl~al bolence. 

23. Tile difference ~etweon t~t tea~er plus 
partlculete ~tight and th< ter•d ~etktr 
welaht 11 reported as aross craanlc solvent 
eatrecteblt partlculltt •atttr. 

2•. Vel&ht of the or.enlt sol•ent citractablt 
uetter In tht t'l ... l ••aunt oC tht fleld 
orJtnlc solv<nt It c•lculatfd for tht 
bltnk correction. 

%5. 

~: (ttl) A. Woter tnlu~le•, voter lns~lublt•. end ~•r•nlc solv•nt e1tr1· 
c • 1•, •r• lftCh-'t.!td but not ulentifir.J. ~. '"::•.nlc !ll\lvrnt Prtract:~hl•• 
.,. Include~ hut nflt l.!•ntifud. r. •·urr ~f\1 ··I•• onolv•l• .••• hf .... ,., .... .~. 
If '"• '"lle\w U\• r-r;-tr.l,lre "'" rf'f'lectnr "~•trt" wtff' r"~ "''""lt 'rl•rur. 

The rrcss oraant~ solv<nt tltroctobl• 
p1rtitulatt ••ttcr ~tnus t~t blen~ correction 
It rrrorted II net ora•nlc solwtnt lltTICtable 
aatttr. 
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Moisture Content 

The moisture content of the gas samp 1 ed was determined from the 

vo 1 ume of gas samp 1 ed and the a·mount of water condensed and absorbed out 

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

tu~e, welded to a coll~ction rei~rvoir, with an exhaust tube or a series 

of glass. impingers that bu~bled 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 

rema"ining moisture was removed by passing the gas stream ·through a 
. . 

cont-ainer of tared silica gel desiccant. The total liquid moisture 

volume_ was then calculat~d from the moisture (liquid vqlume) collected 

in the condenser or impingers and the weight increase in t.hP rlP!';irrr~nt. 

The total gaseous moisture volume was computed from the liquid 

volume usin.g ~he.density. of liquid water, its molecular weight, and the .· . . . . ... 

molar volume at standar9 conditions (6~°F and 29.92 in. Hg). This 

volume was added to the st_andard volume of ~ri gas sc3:mpled, and the sum 

was divided back into th~ ga-seous mois.tur~ vo-lume. The result is the 

percent H
2
0, by volume, in the actual ga~-strea~~ · 

Equipment Calibration 

Sample Meter System . The sample meter sy:s-tein--consisting of the 

. pump, .vacuum gauge, valves, orifice meter·,· a~d dry gas meter--was 

initially calibrated. by stringent l~boratory methods before it was used 

in the field. After the initial accepi~nce, the calibration was 

rechecked after each field test series. ihe recheck provided a method 

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

ca 1 i brat ion has not changed. · When the quick check indicated that the 

calibration factor had chang~d, th~ tester again used the complete 

calibration proq!dure to obtain a new calibra'~ion factor. After recali-· 
._ ... , 

bratib~, the metered sample volume was mul~iplted by either the initial 

or the. recaiibrated calibratioh factor--that is, thi dne that yields the 

lower gas:vq1ume for each test run. 

Before initial calibration of the m~t~~in~ system~ a leak check was 

conducted. The meter system must ·be leak free. Both positive (pres-

sure) and negative (vacuum) leak ~hecks.~~re performed.· 

32 



Temperature Gauges~ !mgiog~r-Ib~rmgm~!gr. This thermometer, used 

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. 

Qry_Ql§§§_!b~rmgm~!~r§. The thermometers used to measure the 

metered gas sample temperature were initially compared with a mercury­

in-glass thermometer as above, using a similar procedure. 

~!§f~-I~ffiQ~r§!Yr~-~~D§Qr. The stack temperature sensor was ca 1 i-

bra ted before fie 1 d use. Each sensor was uniquely marked for i dent i-

- fi cat-ion. The calibration was performed over the range of temperatures 

antiC-ipated-. during actual sampling. For temperatures up to 450°C 

(761 °f), a reference mercury-in-glass thermometer was used. 

erQQ~-~QEl~· 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.). 

!YQ~-~-ei!Q!_Jygg. The pitot tubes were calibrated using the 

calibration system setup recommended in 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 11 A11 and the other with a 11 8. 11 To 

obtain calibration data for either the A orB 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 tur-ned on to allow the flow to stabiliZI:!. 

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 a 1 i gned 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 npstd 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 leg A facing 

directly upstream. The velocity head (6pr) was read and recorded on the 
.J 

data form, and the tube was removed from the duct, and disconnected from 

the manometer. 

The procedure was repeated until three sets of velocity head 

measurements for each pi tot tube were obtai ned. If necessary, the 

comp 1 ete procedure was repeated with 1 eg B of the Type S pi tot tube 

facing upstream. 

· The Type s·pitot tube coefficient, Cp(S)' was calculated for· each 

set·-of mea-suremen-ts, usi-ng the following equation: 

where Cp(S) = t'he TypeS pitot tube coefficient; Cp(std) =the standard 

pitot tube coefficient (use 0.99 if coefficient is unknown and tube is 

d~signed according to guidelines in Section 1. 7 of the EPA method); 

6pstd = the velocity head measured by the standard pitot tube, em (in.) 

H
2
0; and 6p

5 
= the velocity head measured by the Type S pitot tube, em· 

(in.).H
2

0. 
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