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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 solvént-refined coal (SRC) fuels for oil-
fired boiler applications. The technical aspects of the boiler fuel
system conversion, combustion perform%nce, and emission control system
peﬁforméhce were studied through an SRC combustibn test program, con-
ducted at the Pittsburgh Energy Technology Center (PETC). Testing was
conducted- on the 700-hp watertube industrial boiler, designed for oi)
firing. Base-1line data was collected by firing No. 6 fuel o0il. Feasi-
bility data were obtained by firing three types of SRC fuels:
Pulverized SRC Solids, SRC Residual 071, and SRC-Water S1urfy.

The scope of work performed by the Air Pollution Control (APC)
Division of Wheelabrator-Frye Inc. (WFI) and WFI Sciences was as fol-
Tows: (1) proVide mobile electrostatic precipitator (ESP); (2) operate
and maintain the ESP; (3) proyide a report on evaluation of ESP per-
formance; (4) proyide a reverse air pilot filter (PF); (5) operate and
maintain the PF; (6) provide a report on evaluation of the PF per-
formance; (7) prov1de équipment and personnel for assessment of
particulate 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 determination of particulate mass
emissions from the existing pulse-jet baghouse (PJ) and (lU) provide a
report on the PJ mass emissions.

Results from the ESP eva]uation feport 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‘ny ash, but rapper reenfrainment 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.
m1n1m1ze rapping reentrainment by varying the number of ESP fields, by
m1n1mwz1ng plate height, and by using a lTow -rapping intensity.

i1



Results from the fabric filter feasibility evaluation report indi-
cate that the part1cu1ate emissions from SRC fue]s combustion were
successfu]]y controlled to less than 0.01 1b/10 Btu, well within the
particulate emission 1imit of the Federa1 Environmental Protect1on
Agency (EPA) New Source Performance Standard (NSPS) of 0.03 1b/10 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
conventiona) fabric filters make a feasible control device for emissions
from SRC-fuel-fired boilers.

Résu1ts from the boiler emission report show that the uncentrolled
part1cu1ate emissions averaged O. 92 1b/106 Btu for SRC Solids, .0.20
1b/10 Btu for SRC Residual 0il, and 0.91 1b/10 Btu for SRC Water
Slurry.

. A detailed review of the findings of the Boiler Emission and Fabric
Filter Studies is provided in the reports submitted by Wheelabrator-Frye
Inc. and WFI Sciences-for the SRC Test Burn Program.

“iv




TABLE OF CONTENTS

Abstract.

Executive Summéry .

Performance Evaluation.
Introduction.

Nomenclature,

Description of Equipment.

Test Procedure and Methodology.
Discussion of Results .

Conclusion.

ESP Drawings

No. 6 Fuel 0il Results and Graphs

SRC Fuel Results and Graphs

SRC Residual Fuel 0il Results and Graphs
SRC-Water Slurry Results and Graphs

V-1 Data, Gas Distribution Data

Appendix I

Appendix I1I

Appendix III

Appendix IV

Appendix V

Appendix VI

vii
ix

X

23
38



~ THIS PAGE |
WAS INTENTIONALLY
 LEFTBLANK



 ABSTRACT

P

Solvent Refined Coal (SRC) is one of the viable replacement fuels
for No. 6 fuel oil in industrial and utility boilers.: The Department.of
Energy funded the International Coal Refining Company (ICkC) to develop
and to demonst:éte the use of SRC as a practical fuel. Phase II of the
préject was to burn the SRC fuels in a 700 H.P. package boiler and to
collect emission data from which air pollution control devices could be
specified.

\ . 4 o .

Wheelabrator-Frye Inc., APC Division was contracted by ICRC to
supply and opérate a pilot electrostatic precipitator (ESP). Mass
emission testing was performed by WFI Sciences. Particle size tests,
particle resistivit?, SOx measurements, and particulate counting tests

were conducted by Southern Research Institute (SoRI).

This report is a source document covering the ESP operéting data
and mass emission data. The data obtained by SoRI is used by

SoRI in their computer model to specify full scale design‘criteria.

A The testing was performed with four fuel types; No. -6 fuel oil, SRC
fuel, SRC residual fuel 0il, and SRC-waté: slurry. All fuels were
precipitated qﬁite easily resulting in .emission rates below the NSPS

standards.
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SUﬂMARY

Solvent refined coal (SRC)is onme of the viable replacement fuels
for No. 6 fuel oil in industrial and utility boilers. The Department of
Energy funded the International Coal Refining Company (ICRC) to perform
a test program at the Pittsburgh Energy Technology Center (PETC) to
demonstrate that the SRC fuels can beAburned in an o1l fired boiler and
to colle;t flue gas emission data to design full-scale air pollution
control devices. Testing was performed using a 700 H.P. package boiler
between September 1982 to January 1983. |

Four types of fuels were tested. Baseline tests were run with No.
6 fuel oil. Three types of SRC fuels were fired; SRC fuel, SRC residual
fuel oil and SRC water slurry.

Wheelabrator-Frye, Air Pollution Control‘Division (WFI) was contracted
to supply and to operate a pilot electrostatic precipitator (ESP). WFI
Sciencés, an independent WFI Division, tested the particulate mass
loadings in and out of the ESP. Southern Research Institute (SoRI)
performed flyash particle sizing, resistivity, SOZ-SO3 ccnceqtr3;19p§';p
the flue gas, and other tests. This report is a source document which
includes the data obtained by WF1 Sciences and the ESP operating data.

The data 15 this report along with data collected by SoRI is to be used
in the SoRI computer program to specify a full-écale ESP.

The averages of the test datahare shown in Table No. 1 on page xiv.
The table presents the data in the most commonly used units. Both
metric and English units are shown for the individual test Qata; "The
individual test data is shown by fuel type in Appendices II-V; The -
data does not include rapping losses, but the SoRI compuier brogram is
to compensate for this using the data collected by SoRI. The ash from
all three SRC fuels is an easy application for a conventional dry ESP in

ix



terms of flyash removal. However, there may be a problem with rapping
reentrainment. In between tests when the ESP was rapped, dark puffing
was evident at the stack. The reentrainment was measured by SoRI using

particle counters.

The data obtained will give the SoRI computer program reliable data
from which a full-scale ESP can be specified. The ash colleé:ed was
-high in carbon content with loss of ignition (LOI) reported to be from
70%2-90% by weight. Better combustion in a larger boiler may cause the
ash characteristics, such as resistivity and particulate loading, to
change. More complete combustion usuaily lowers the LOI and particulate
loading,.but increases ash resistivity. Lower particulate loadings will
result in increased performance. Increased ash resistivity may worsen
collection.efficiency if a large increase in resistivity results. ‘The
higher resistivity ash should reduce reentrginment since the particles
should hold a charge and not be reeptrained as easily. It is expected

that better combustion will result in increased performance.



PERFORMANCE EVALUATION

The data presented in this report include the particulate concentration
at the inlet and outlet of the pilot ESP and the operating parameters of
the ESP. The data does not describe the performance of a full-scale

unit since rapping losses are not included.

The ESP was a three field unit with each field consisting of five
gas passages with 10 inch spacing. The collecting plates were 6.5 feet
tall by 6.25 feet long, resulting in an ESP total collecting area of
1218.75 £t2. The discharge electrodes were WF1's star wire which are

similar to a square rod. Drawings of the ESP are shown in Appendix 1.

For each fuel type, at least one set of operating conditions was
tested with the boiler at one operating condition. The primary test
condition was to operate the ESP at 5000 ACFM at the inlet which resulted
in a specific collecting area, SCA of 244 sq ft/1000 ACFM. This is a
low SCA considering the normal range for SCA is from 200 to 700 sq
££/1000 ACFM. The power input to each field was limited to 10 milliamps

which resulted in a current density of 20 nanoamps per square centimeter,

The No. 6 fuel oil tests were only run at the primary condition.
The average ESP inlet loading was 0.05 lb/lO6 Btu with an outlet loéding
of 0.004 1b/106 Btu which resulted in an efficiency of 91.35%. No
operating problemé were encountered with the boiler or ESP.

The SRC fuel was only tested at the primary conditions of a SCA of
240 sq ft/1000 ACFM and 20 na/sq cm. Testing showed the average inlet
to be 0.96 1b./lO6 Btu and the qutlet to be 0.005 1b/106 Btu which
resulted in efficiencies of 99.46%. When the SRC fuel was burned there
were both boiler and ESP problems. The boiler burner had clinker buildup
problems which resulted in poor burnout, CO spikes, and opacity spikes.
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The poor burmout resulted in high carbon ash which caused ESP high
voltage insulator fouling and partial grounding of the field. A better
burnout was achieved by adding 7% total thermal input with natural gas
and the insulator fouling problem was solved by adding insulator purge
air. The unsteady boiler operation and opacity spikes resulted in
erratic data. At the end of the best progiam, a new burner was designed
and used. Better combustion was achieved.. All the data in this report
are with the original slow mix burner. No particulate testing was done
with the improved fast mix burner.

The SRC residual fuel o0il was burned with a steady particulate
emission rate and opacity. The inlet loading average was 0.197 1b/10% Btu.
The primary operating condition of a SCA of 240 sq ft/KACFM and current
density of 20 na/sq cm resulted in an outlet loading of 0.002 lb/lO6 Btu
with an efficiency of 99.08%. Since the amount of flyash at the ESP
outlet was so small and difficult to measure, the current was lowered in
each field from 10 ma to 5 ma. Contrary to theory, the putlét loading
decreased to 0.001 1b/106 Btu with an efficiency of 99.43%. The third
condition tested was to increase the gas volume to 7000 ACFM which
decreased the SCA to 173 sq £t/1000 ACFM. The outlet loading was 0.008
lb/lO6 Btu with.an efficiency of 96.13%. The three test conditions will
allow SoRI to run the computer program three times to evaluate a full-
scale unic,

The SRC-water slurry burned much steadier than the SRC fuel with
the emissions being more consistent. The ESP inlef ash loading was 0.93
lb/lO6 Btu and the outlet loading was 0.006 1b/10° Btu with collection
of 99.34%. This performance was the same as the SRC fuel. The second
condition tested was with two fields energized with the 5000 ACFM. This
lowered the SCA to 145 sq £t/1000 ACFM. The test results showed the
outlet loading to increase to 0,026 1b/106 Btu with an efficiency of
97.36%. These two conditions can be compared by the SoRI computer.




The SRC fuels' flyash 1s a relatively easy ash to collect. Low
SCAs of 240 sq £t/1000 ACFM and current densities of 20 na/sq cm have
given high efficiencies of 97+%. The flyash resistivities measured by
SoRI show the ash to have low resiétivities. Low fesistivity ash of
107-109 ohm-cm is charged and collected quite easily. A problem arises
when the ash is collected and loses its _éharge thus being free to be
reentrained. A larger SCA will possibly be required to control the

. reentrainment.
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SUMMARY O F ESP RESULTS

INLET  OUTLET . CURRENT
ESP ESP SCA FACE DENSITY . SCP W
(LB (Lg / " (SQ FT/ VELOCITY (NA / (WATT/ . (CcM/
FUEL 106Btu. 106Btu EEF. KACFM) - (FT/SEC)» SQ CM) KACFM) SEC)
s OIL .050 .004 99.35. 240 3.13 26 250 5.4
PULV SRC .9%59. - .00S 99 .46 230 3.26 3| 183 11.7
RESID A 196 002 99 .08 240 S 3.13 20 170 10.9
RESID B 193 .00t $9.43 240 -~ 3.13 13 9s 11.8
RESID C - .204 .008 96.13 173 2.89 L3 70 9.5
SLURRY A .930 . 006 29 .34 220 3.41 18 150 11.9
SLURRY B .999 026 $7.36 . 14% 3.45% 12 50 5.7

{ RESID A - SRC RESIDUAL FUEL OIL, TEST CONDITION A-

2. SLURRY A - SRC-WATER SLURRY.TEST CONDITION A o

3. RESULTS ARE AVERAGES OF DATA. NO PARAMETRIC TESTS ARE INCLVUDED.
4. ALL ABBREV.DEFINED IN NOMENCLATURE. PAGE 3.

4 .
4

NOTE:

TABLE #1: SRC FUELS SUMMARY OF RESULTS



INTRODUCTION

The International Coal.Refining Company, ICRC, was funded by the
Department of Energy, DOE, to show the feasibility of using solvent
ref ined coal (SRC) in oil fired boilers. Phase I of the program was run
in August, September, October, 1980 at the Pittsburgh Energy Technology
Center, PETC, and demonstrated that SRC could be bufned in a small 100
HP o1l designed fire tube boiler. A fabric filter field comparator was
used to determine the practicality of using fabric filters as a means of -
air pollution control. The results of this testing were published in a
report- by Wheelabrator-Frye Inc., APC dated January 12, 1981.

Phase II of the program was to burn the SRC 1 fuels in a 700 KP
water tube oil designed boiler. Testing was performed to evaluate the
"use of fabfic filters and electrostatic precipitators (ESP) as air

pollution control devices. This report covers the particulate emission
rates withoutArapping at the-inlet and outlet of the ESP and the performance
of the ESP. This report evaluates the data obtained, but does not .
attempt to project deSign criteria for a full-size ESP. tﬁe design of a
full-size unit will be done by Southern Research Institute (SoRI) using
their computer pfogram. The computer program uses the data presented in

this report plus data obtained by SoRI, such as particle size and resistivity.

Phase II testing was performed atvPETC between August 1982 and
February 1983. The fuels tested were #6°fuel oil as a baseline, SRC
fuel, SRC residual fuel oil, and SRC-water slufry. Mass train emissioq
testing was performed by WFI Sciences and the ESP was run by the WFI ESP
R&D Department. : ’

This volume includes the text and a summary of the results. The text
iucludes a descriprion of the ESP and its variables, the duct layout, the

test equipment, and the test methodologv used. The test results are pre-

.




sented in both tabular and graphic form in the appendices by fuel type. The
test results and the ESP operation parameters are discussed and conclusions

made.
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ABBREV. DESCRIPTION UNITE
ACFHM ACTUAL CUBIC FEET PER MINUTE.................. CU FT/MIN
ACMM ACTUAL CUBIC METER PER MINUTE ... .................. Cu M/MIN
BTU BRITISH THERMAL UNIT. ... .. .. ...................... ETV

cM CENTIMETER . . . ..ottt e gy

co-2 CAREBON DIOXIDE . .. ... .., % BY VCL
DOE DEPARTMENT OF ENERGY . . .. ... .. ..., (-

ESP ELECTROSTATIC PRECIPITATOR. . . . .o (-

GR GRAINS . ... oot CF

CR/ACF  GRAINS PER ACTUAL CUBIC FEET...................... CR/ACF
GR/SDCF GRAINS PER STANDARD DRY CUBIC FEET.............. .. CR/SDCE
ICRC INTERNATIONAL COAL REFINING COMPANY............... (=)
I-DENS  CURRENT DENSITY. .. ... ...... ... ... Mr/SG FT
I-DENS  CURRENT DENSITY .. ... .. ...t NA/EQ CM
KACFM THOUSANDN ACTUAL CUBIC FEET PER MINUTE..... ... .. . .. 1000 ACENM
XV KILOVOLTS . .\ttt e et e 1000 VOLTS
LB POUND . . .ot e Le

LB/10 BTUPOUND PER MILLION BTU.. ... ................c....... LE/10 BTY
M METER . . o oot e e M

MA MILLIAMP . ..o Mk

MG/ACM  MILLIGRAM PER ACTUAL CUBIC METER.................. MG/ ACH
MG/SDCM MILLIGRAM PER STANDAR DRY CUBIC METER............. MG/ ETCM
NA NANOAMPS . . ..ottt N2,

NG /JOULE NANOGRAMS PER JOULE. ... ...................... NG/JGULE
0-2 OXYGEN. /. o % EY VCL
PETC PITTSBURGH ENERCY TECHNOLOGY CENTER. =

SCA SPECIFIC COLLECTING AREA  .... ..... 85 FT/HRCEM™
scp SPECIFIC COLLECTING POWER - . - .- WATT /¥ ACFM
scs SOUTHERN COMPANY SERVICES . .. ... ................. . . (-

SDCF STANDARD DRY CUBIC FEET. . ... ... ................ EnCF

sbcm STANDARD DRY CUBIC METER. .. ... .................. .. sDCM

SEC SECOND . . oottt ettt SECOND
SRC SOLVENT REFINED COAL . . .. . ..ottt )

SR1 SOUTHERN RESEARCH INSTITUTE....................... (=)

sQ FT SQUARE FEET. . . . ...t sG FT

VA MICROAMPS | . ...ttt 2

v MIGRATION VELOCITY. ... ... ........uouuooo ..., CHM/ISEC
WF1 WHEELABRATOR-FRYE. INC., AFPC DIVISION............. (=)

NOMENCLATURE




DESCRIPTION OF EQUIPMENT

Duct layout

Flue gases emanating from the 700 HP boiler are ducted to the roof
through a 24 inch diameter duct. All the gases flow through a flue gas
cooler which is an air-air indirect heat exchanger. The flue gas cooler
damper was regulated by a controller which monitored the temperature at
the ESP inlet. During the No. 6 fuel oil testing, it was found that the
flue gas could not be cooled by the cooler to the desired 300°F at the
ESP inlet. The temperature was lowered minimaily by partially removing

the insulation from the duct between the flue gas cooler and the ESP.

The duct after the cooler was split with a Y section sending part
of the gases to the ESP and the remainder to a pulse-jet baghouse.
Testing verified that the characteristics of the fwo flue gas streams
were nearly identical. The duct layout to and from the ESP is shown in
Appendix I. The ductwork to the ESP was 16 inches in diameter and
resulted in a gas velocity of 3580 fpm with the 5000 ACFM voiumé that
was required for the ESP test conditions. This velocity was high enough
to prevent any ash dropout. Eight test ports at the inlet and six test
ports at the outlet were installed five feet apart or 3.75 diameters
from each other. Nofmally every other port was used during the testing
resulting in a 7.5 diameter distance. This minimized the disturbances
caused by one sampling location on another. The flue gas was discharged

through a sixty foot high stack.

ESP Description

Drawings showlng the basie layout of the ESF and the {internals are
shown in Appendix I.
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The Wheelabra;or—Frye Inc. mobile electrostatic precipitator, ESP,
is a three (3) field unit complete with automatic voltage controls,
rappers, vibrators, hoppers and an induced draft fan capable of 9000
ACFM at 700°F. The ESP is mounted on a trailer 8' 0" wide by 54' 6"
long and 13' 6" high. '

Fach field consists of discharge surface (DS) pipe frames that are
5' 0" in height and 6' 3" long and have 12 wires per frame. The collecting
surface (CS) plate is 6' 6" tall and consists of four interlocking
strips for a leﬁgth of 6' 3". The plate spacing can be varied for gas
passages of 10", 12", 14", 16" 18" and 20". The SRC test program
utilized five 10" gas passages which resulted in a total collecting area
of 1218.75 square feet. Normal plate spacing for utilities varies

between 9-12 inches depending upon ESP design.

The CS plates and DS pipe frames are of the Lurgi design. The
interlocking strips of the CS plate is Lurgi's CSH design. Two standard
wires are available irn the pipe frames, the star wire which resembles a
piece of square bar stock and the B-5 isodyn wire which resembles a

large spiked saw blade. The star wire was used for the SRC program.

Each high voltage support frame is suspended from the casing with a
three point insulator configuration. Each field also consists of a
rapping insulator and a high voltage feed insulator. The insulators are
kept clean- by induced purge air and by compressed air which allows for
any deposited ash to be blown off. '

Each CS plate is individually bottom rapped with a rotating,
falling hammer. The hammers are a modified Lurgi DS hammer that wéigh
8-10 pounds. All the DS pipe frames in each field are cleaned with a
side mounted Eriez P—lSO vibrator. Both the CS rappers and DS vibrators

are manually controlled for each field.



The ash or dust removal system consists of two trough hoppers per
field with screw conveyors. The screws empty into two pyramidal hoppers

which are emptied into 55 gallon drums by a vacuum system.

The required gas volume is induced with a Garden City Fan & Blower
Co. RF19 fan. This fan is capable of pulling 9000 ACFM at -20" H,0 at
700°F. The volume is controlled by an opposed louver damper. The
specific collecting area, SCA, (ft2/1000 ACFM) and gas face velocity

(ft/sec) for the ESP at 10" spacing are as follows:

ACFM o sca o Fg/SecAﬁumﬁ
3000 406 19
5000 244 3.1

7000 174 4.3

9000 135 5.5

The automatic voltage controls are the Allen-Bradley Bulletin 1082
AVC. The transformer/rectifiers (1/R) are by Nothelfer Winding Laboratoriés
(NWL). The controls have variable tap reactors which result in reactance
of 30%, 50% or 70%. The T/Rs have variable tap transformers which are
rated at 45 KV, 60 KV and 75 KV. The T/Rs also have a polarity switch
for positive and negative corona. For the SRC program the T/Rs were set
at 60KV with 50% reactance with negative polarity. The current density

(na/cmz) for the ESP at 10" spacing is 20 na/cm2 at 10 ma.

The gas distribution devices consist of an inlet nozzle with two
perforated plates and an egg crate flow strajghtener and an outlet
nozzle with one perforated plate. The gas distribution has pteviously'
been measured with a hot wire anemometer and found to be 30% RMS at the

inlet and 10% RMS at the outlet with 12" spacing. The gas distribution
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was measured with 10" spacing after the SRC testing and found to be 57%
RMS at the inlet and 18 RMS at the outlet. The high RMS value is due to
pluggage of the egg crate flow straightener. The bottom half of the egg
crate had become 75% - 90% plugged during the last set of tests. The
data and results of the gas distribution test are shown in Appendix

VI.



TEST PROCEDURES & METHODOLOGY

ESP INLET
At the ESP inlet location sampling was conducted in two ports
located 90° apart in the 16" I.D. circular duct (See Figure 1).
The sampling train consisted of a stainless steel nozzle, an in-
_stack alundum thimble, an in-stack 47mm glass fiber filter,
heated stainless steel probe, sample line, condenser and followed
by a silica gel holder. The meter box containing the pump,
calibrated dry gas meter, orifice and inclined manometer followed
the sampling train. The sample train was set up as shown in Figure

No. 2.

Sampling Procedure

All sample trains were set up and run according to EPA
Reference Method 17. Prior to testing, the sampling train was set
up using tared filter media and then leak checked at 15" HZO to
insure it was leak free. After the sampling train was found to be
leak free, ice was placed around the condenser to keep the sample
gases below §8°F while testing.

The probe was then placed at the first sampling point and the
velocity head (AP) was recorded, then the orifice pressure differential
(AH) required to maintain an jsokinetic rate of 100 +10% was calculated
using isokinetic sampling equations*. This was done at each sample
point. At the conclusion of the test, the sample train was leak

checked at the highest vacuum attained during the test run.

*See WFI Sciences PETC Boiler Emission Report

8-
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2 FOUR INCH SAMPLE

PORTS

16" DUCT DIAMETER

8 TOTAL SAMPLE POINTS

4 TRAVERSE POINTS PER PORT

TRAVERSE PERCENT OF
POINT DUCT DIAMETER
1 6.7
2 25.0
3 75.0
4 | 93.3

FICURE NO. 1

ESP INLET SAMPLE LOCATION
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47 mm Glass-Fiber Filter
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'FIGURE NO. 2

ESP INLET SAMPLE TRAIN
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Sample Recovery

At the end of the test run the sampling train was removed from
the stack, leak checked and moved to the élean up area. The sample
fractions were recovered as follows:

No. 1 The alundum thimble was removed from its holder, capped
and placed in its identified container and labeled.

No. 2 The 47 mm glass fiber filter was removed from its holder
and placed along with any loose filter fibers into its identified
container and labeled.

No. 3 The nozzle rinse sample was recovered by rinsing with
acetone from a wash bottle and brushing. The nozzle was rinsed until
no visible particles appeared in the rinse. The sample was rinsed into
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

1 ml and discardced.

No. 6 The silica gel was weigﬁed to the nearest 0.5 gram for

moisture determination and discarded.

Sawple Aunalysis

No. 1 The alundum thimble was dried in an oven at lOSOC for 2 to
3 hours and cooled in a desiccator, and weighed to a constant weight.

No. 2 The 47 mm fiber glass filter was dried in an oven at 105°¢
for 2 to 3 hours and cooled in a desiccator and weighed to a constant

weight.
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No. 3 The nozzle rinse was measured and transferred to a tared
250 ml1 beaker and evaporated to dryness, desiccated for 24 hours 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 %0 account for any acetone contamination.
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TEST PROCEDURE & METHODOLOGY

A

ESP OUTLET
At the ESP outlet location sampling was conducted in two ports
located 90° apart in the 16" I.D. circular duct (See Figure 3).
The sampling train consisted‘of a stainless steel nozzle, and one
in-stack 47 mm fiberglass filter, during the No. 6 fuel oil
testing. During the remainder of the SRC test program two
consecutive 47 mm filter holders were used.> One contained a 47 mm
Reeve ‘Angel filter followed by another 47 mm glass fiber filter to
investigate the possibility of gaseous sulfate interaction with the
fiiter media. The filters were followed by a heated probe, sample
line, condenser and a silica gel holder. The meter box containing
a pump, caliBrated dry gas meter, orifice and inclined manometer
followed the sampling train. The sample train was set up as shown

in Figure No. 4

Sampling Procedure

All sample trains were set up and run according to EPA
Reference Method 17. Prior to testing, the §ampling train Qas set
up using tared filter media and then leak checked at 15" H20 to
insure it was leak free. After the sampling train was found to be
leak free, ice was placed around the condenser to keep the sample
gases below 68°P--while testing.

The prope was then placed at the first sampling point and
the velocity head (AP) was recorded, then the orifice pressure

differential (AH) required to maintain an isokinetic rate of 100 +10%

was calculated using isokinetic sampling equations*. This was
done at each sample point. At the conclusion of the test

*See WFI Sciences PETC Boiler Emission Report.
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2 FOUR INCH SAMPLE PORTS

16" DUCT DIAMETER

8 TOTAL SAMPLE PQINTS

4 TRAVERSE POINTS PER PORT

TRAVERSE PERCENT OF
POINT DUCT DIAMETER
1 6.7
2 25.0
3 75.0
4 93.3

FIGURE NO. 3

ESP OUTLET SAMPLE LOCATION
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FIGURE NO. 4

ESP OUTLET SAMPLE TRAIN




the sample 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 clean up area. The sample
fractions were recovered as follows:

No. 1 The first 47 mf filter was rewmoved from its holder and
placed in its identified container and labeled.

No. 2 The second 47 mm glass fiber filter was removed from
its holder and placed along.with any loose filter fibers into its
identified container and labeled.

No. 3 The nozzle rinse sample was recovered by rinsing with
acetone from a wash bottle and brushing. Tﬂe nozzle was rinsed until
no visible particles appeared in the rinse. The sample was %ihsed
into 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 ml and discarded. |

No. 6 The silica gel was weighed to the nearest 0.5 gram to

determine moisture and discarded.

§amp1e Analysis

No. 1 The first 47 mm filter was dried in an oven at 105°C for

2 to 3 hours and cooled in a desiccator and weighed to a constant weight.
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No. 2 The second 47 mm fiber glass filter was dried in an oven
at 105°C for 2 to 3 hours and cooled in a desiccator and weighed to a
constant weight. ‘

No. 3 The nozzle rinse was measured and transferred to é tared
250 ml beaker and evaporated to dryness, desiccated for 24 hours and
weighed to a constant weight.

No. 4 The acetone blank was treated in the same manner as the
nozzle rinse. A correction was then made in the rinse sample to

account for any acetone contamination.
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EQUIPMENT CALIBRATION

Sample Meter System - The sample meter system--consisting of the
pump, vacuum guage, 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.
The recheck provides a method that can be used more often and with less
effért to ensure that the calibration has not changed. When the quick
check indicates that the calibration factor has changed, the tester must
again use the complete calibration procedure to obtain a new calibration
factor. After recalibration, the metered sample volume is multiplied by
either the initial or the recalibrated calibration factorj—that is, 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 leak free. Both positive (pressure)

and rnegative (vacuum) leak checks were performed.

Temperature Gauges

Impinger Thermometer - Thermometer used to measure temperature of

the gas leaving the impinger train was initially compared with a mercury-

in-glass thermometer which meets ASTM E-1 No. 63C or 63F specifications.
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Dry Glass Thermometers - 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.

Stack Temperature Sensor - The stack temperature sensor was

calibrated before field use. Each sensor was uniquely marked for
identification. The calibration was perforged over the range of

témperatures anticipated during actual sampling. For temperatures
up to QSOOC (761°F), a reference meréury-in—glass fhermometer was

used.

Probe Nozzle - Probe nozzles were calibrated before initial use

in the field.‘ Using a micrometer, the ID of the nozzle was ﬁeasdred
to the nearest 0.025 mm (0.001 in.). Three measureménts were made
using measured diameters each time to obtain the average. The
difference between the high and the low numbers did mnot exceed 0.1 mm

(0.004 in.).

Tvpe-S Pitot Tube - The pitot tubes were calibrated using the

calibration system setup recommended in EPA Method No. 2 (See Figure
No. 5). 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 ek*ther 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.
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Figure Ne. 5 Pitot tube calibration set-up.



The inclined manometer was 1e§eled aﬁd zeroed. The calibration
system I.D. fan was turned on to allow thé 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,tapé. The
pitot tube was checked to insure it was properly aligned and perpen-
dicular to the duct. ‘

The I.D. fan speed was adjusted to give the desired velocity head,
as measured by the standard pitot tube and thé Apstd was recorded on
a data form.

The Type S pitot tube was then connected ‘to the manometer. The
Type S tube was inserted and located at the same point in the duct as
thétameaSured‘by the. standard tube.

The Type S tube was aligned with leg A facing Airectly u#stream.
The velbcity head (Aps) was .read and reco;ded on the d%ta form. The
Type S tube was removed from the duct, and disfonnected from the
manometer.

The procedure was repeated until threeAsets of velocity head
‘measurements for each piﬁot tube were obtained.

If necessary, the complete procedure was repeated withlleg B

of the Type S pitot tube facing upstream.
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The Type S pitot tube COefficient, was calculated for

sy

each set of measurements, using the equation below.

€5y = Soisea)

Cp(s) = Type S pitot tube coeff1c1ent
c_,. - = Standard pitot tube coefficient (use 0.99 if
p(std) .
coefficient is unknown and tube ‘is designed

according to guidelines in Section 1.7 of the EPA method)

Lpscd . = Velocity head measured by the standard pitot tube,
cem (in.) HZQ
;ps . = Velocity head measured bv the Type S pitot tube,

cm (in.) H,O.
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DISCUSSION OF RESULTS

~

General Test Results Agalysis

The test data and results for each fuel type are included in this

. volume as separate appendices.

The test numbering system includes preliminary tests, tests with
steady-state boiler, and WFI Sciences test numbers. The WFI Sciences

test numbers are the numbers in parentheses. This number would be

used if one were to look at the field data in Appendices II-V of this
report. The ESP parametric tests run during the boiler testing are

designated by "P'". The ESP tests run under steady-state conditions are

designated by a number only. It is this data that is discussed and
graphed. The dates and times of each test are included so that the mass

train data can be referenced to other data collected by other contractors.

Flue gas characteristics are listed by test nupber‘and include or-
sat data, gas temperatures, and moisture céntent. The orsat data mea;ured'
the oxygen and carbon dioxide at the inlet and outlet of the ESP. No
. carbon monoxide data was collected by WFI Sciences sihde chisvmeasgre?
ment is not necessary to determine the molecular weight of the flﬁe gas.

' CO readings at the boiler were recotdgd and can be found in the boiler
repor;; Gas temperatures are presgnteq in both metric and Engliﬁh units.
The moisturé in the flue gas was measured by the condensation meth&d

described in the Test Pfocedure and M:.atl-nodology.'~
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The gas volumes are presented in actbal and standard conditions for
both English and metric units. Tﬁe in-leakage écross‘the ESP was cal-
culated by tvo methods. One method was to find the difference between
. the standard dry volumes in and out of the ESP. The other method was to
calculate in-leakage using the oxygen data. The oxygen method is the

more accurate measurement since volumes include pitot error.

‘The mass emission data is presentgd in six ways. In English units
the.loadings are presented in gr/ACF, gr/SDCF, and 1b/10é Btu. In metric
units the data is presented in mg/ACM, mg/SDCM, and NG/Joule. The test
isokinetics are presented to show that the sampling tate;.were within the
100% * 10% range. Some preliminary tests were below 907 due to plugged

filters which prevented the required gas volume from being sampled.

The ESP data presented includes power readings and terms used to

describe ESP operation. The power readings are the average of each test.

Specific collecting area, current density, specific corona power, and

migration velocity are-.calculated to describe the ESP operating conditionms.

Graphs were made to show the relationships between the ESP outlet
loadings, efficiency, and migration velocity versus gas volume, SCA,
current density, and specific corona power. The graphs are shown in

the appendix for that particular fuel type.
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This data and results are only for the testing-done oﬁ the
ESP. No fapping of either the discharge or collecting electrodes
‘were done during the tests. Rapping would increase outlet
particﬁlate loadings and decrease the efficiency and migration
velocity. The data‘pteéented here is to bevused ﬁy the SoRI

computer model.

ESP Operating Nomenclature and Definitions

Therékare many terms used to describe the operating conditions
of an ESP. The amount of gas to be cleaned and the size of the ESP are
related .in terms of s#ecific collecting area (SCA). The gas volume
is stated in ACFM, actual cubic feet per minute. Sometimes the
gas Qolume is corrected to standard temperature énd pressure without
moisture and is known as SDCFM, standard dry cubic feet per minute.
The collecting area of an ESP is the total surface area of all thé
collecting plates. SCA is defined as square feet of collecting area
per 1000 ACF&. SCA will varyv from 200.-to 700 sq fg/KACFM depending upon the
fuel type. A hard to collect ash may require a SCA of 700 sq ft/KACFM in

order to meet emission limits. The No. 6 cil and SRC fuels were tested with

a SCA of 244 sq ft/1000 ACFM.

In addition to the gas volume, the amount of power input to an ESP



will affecf its performance. ESP(power is the secondary d.c. voltage and
currentAoutput of the transformer-rectifier. The DC voltage 1is rated

in KV, kilovolts, and the current in ma, milliamps.‘ One way to describe
power is in terms of current density. Current density is defined as
either nanoamps per‘square cm, na/sq cm, or milliamps per square foo;,
ma/sq.ft. Another way to describe power is by specific corona ﬁower,

watts per 1000 ACFM.

The migration velocity, W, is often used to describe thé'collectioq
characteristic of a particular type of fly ash. The Duestch-Anderson

equation is:

eff = 1 -e WA
Q
where eff = ESP efficienéy
W = migration velocity
A = total collecting area
Q = volumetric flow rate

solving for W

W = -ln (l-eff) (Q/4)

The equatioﬁ shows the migration veiocity to be a function of the
efficiency, collection area, aﬂd the volumetric flow rate. Ideally, the
migratioh velocity 1s constant as the other variables change. The only
other variable not considered By‘the Deut sch-Anderson equatrinn {s rhe power
input which should increase the value of W as the efficiency increases

with increased power.
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General Observations

The performance of an ESP }n many cases can be determined by observing
the ESP power readings and the stack plume. When the ESP stack was clear,
the power re;dings were géod in all three fields; Good power can be
thought as 30-50 KV with 5-10 ma. A high KV with very little current, ma,
indicates an ash buildgp on either the discharge or colle;ting electrodes.
This inhibits corona generation and decreases the ESP éefformance. The
general mode of operation during the testing at PETC was to rap the
collecting plates and vibrate the discharge electrodes before or between
tests. During the tests the KV would increase as the ash‘would buildup
on the wires and plates, especially in the first twénty minutes. The
first field shpwed the largest increase in KV since the most ash is
collected in that field. The third field may not show any increase be-
cause of very little ashventering th;t field. The ESP power readings in
Volumes II-IV show this to-genefa11y~be true, This treqd does not appear
to be correct for some tests with the SRC fuels, but this was due to

insulator fouling.

Insulator fouling is when a layer of ash is desposited\on the insu-
lator. The léyer of ash acts as a conductor when high voltage is .applied
to the field. Thelsecondary current is then going across the insulator
instead of into the field. The current leakaée across the insulator can
be detected by secondary curremt meter fluétua;ign and'by a distorted
waveshape on the oscilloscope. Current leakage or tracking of the insu-

lators causes the corona field to be collapsed for one-half cycle or 1/120
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second or more and this deteriorates the ESP performance. To help
prevent this tracking, the ESP KV power levels were reduced to just

below tracking voltages. This resulted in first field KVs lower than

second field KVs.

The severityxof the insulator tracking depends upon the resistivity
of the fly ash. The lower the resistivity, the easier it is for tracking
to ocecur. The average power readings shown in Appendix II show relatively
high KVs of 45-50 at 10 ma for No. 6 fuel pil and there wers no problems
with insulator tracking. When the SRC fuel, whose ash has low resistivity
and high carbon content, was burned,'there was a tracking éroblem., The
first field KVs are 4-5 KV lower than the second field when they should
have been a few KV higher due to increased ash LOaQings. The SRC residual
fuel 01l was the worst case with the first field operatihg at 25-30 KV

and the second field operating at 37-39 KV.

Several modifications were made to the ESP insulator system in
order to minimize tﬁe insulator tracking. The layout of the insulators
for each field is shown on page 3 of Appendix I. Originally thelinsulators
were attached to a gas tight casing out of the gas stream. When the
tracking occurred with the pulverized SRC, shrouds and vent holes were
added to the insulators. This purge air was to keep the insulators
clean, but increased the §ercent inleakage from 10% to 30%. After a
couple of déys of operation, the insulator tracking problem still existed.
A compressor was added to the purge system so that the insulators could

be blown clean when necessary. This helped but another compressor was used
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to give adequate purge pressure and air flow. Even with all the mod-
ificiations, the insulators would still start to track after a day or
two of operation. This necessitated shutting down the ESP, opening the

top access doors, and cleaning the insulators.

The inieakage with the purge air modifications was 20%-30%. This
is a large amount but does not bias the results significantly. When the
ash resistivity 1is low, 107 - 108 ohm-cm, dilution and cooling will not
change the resistivity or the ESP performance to any éxtent. If the

12 3

resistivity had been high, 107" - 101 ohm-cm, then the dilution air

would have éhanged the :eéistivity. ReéistivityAis normally a beil-
shaped curve with 1012 - 1013 at.the top and 107 - 108 At the 'bottom
where small Operatiné changes have a small effect on resistivity. When
comparing the\eﬁissions data, the gr/ACF and gr/SDCF include the air

inleakage while the 1b/106 Btu corrects for inleakage. Therefore, the

emissions will be analyzed on a lb/lO6 Btu basis.

Stack Opacity

An opacity mon@for had originally been installed in the outlet
nozzle of the‘ESP. The oﬁacity probe had an enclosed reflector in the
gas stream which was purged with a blower. The purge was ineffective
and the lense kept getting dirty from dusty ambient air and resulted in
erroneous opacity measurements. It was also found that the ptobe had
sagged inside the ESP causing misalignment of the probe reflector. The
use of the monitor was stopped. When all fields were in operation, the
stack was élear; The opacity should be considered to be 0%-3% which is

invisible to the eye.
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No. 6 Fuel 01l

The first fuel burned was the No. 6 fuel o0il. These tests were
baseline tests to which the SRC fuels could bg referenced to. A total
of fifteen tests were run with eleven of these tests '‘at one boiler con-

dition.

All of the tests run with the No. 6 o0il were run at one ESP con-
dition, The flue gas volume to the ESP was set at 5000 ACFM at 340-370°F.
This resulted in a SCA of 230-240 sq tt./1000 ACFM. The power input to
the ESP was set with each of the three fields operating at iO ma. The
secondary Qoltages for the fifst fi;ld were 44-50 KV and 35-42 KV for
the second and third fields. This resulted in a current density of 26

na/sq. cm. and ‘a specific corona power of 230-250 watts/1000 ACFM.

The mass train testing showed the ESP inlet loadings to consistently
be between 0.045 - 0.053 1b/10% Btu. The outlet particulate loading varied
from 0.003 - 0.006 1b/10® Btu with an average of 0.0039 16/106 Btu. The
efficiency of the ESP was 917-92%. Thé average migration velocity, W,
was 5.4 cm/séc. The graphs in Appendix II show the data as a function
of gas volume and power. Since only one ESP test condition was run, the
graphs are limited in scale ranges and the data appears to have a large
scatter. For example, the graph of 1b/10% Btu out versus SCA cover the
200-300 SCA range while the typical range for SCA is from 200-700 sq.
ft./lOOObACFM. On the larger scale, the scatter would appear to be

ninimal.
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SRC Fuel

One set of ESP conditions were tested with the pulverized SRC fuel,
A steady-state boiler operation could not be achieved due to boiler
burner clinkering, fluctuating CO and opacity, and occasional 907% opaéify
spikes. Naturai gas was burned with the SRC and éccounted for 77 of fhe
total thérmal input. The gas helped to stabilize the flame, but boiler
CO and opacity conditions were still erratic. The ESP test paraméters
were a gas volume of 5000-5400 ACFM which result in a SCA of 220-240 sq ft/

1000 ACFM and a current density of 20-23 na/sq cm.

The inlet particulate loading varied from 0.7 to 1.4 1b/106 Btu. The
wide range is due toAthe unstable burning of SRC which resulted in in-
creased.grain loadings. The lower numbers are probably more indicatiﬁe
of a good burn, but this is not documented.

. The ESP outlet loadings varied from 0.003 to 0.026 1b/106 Btu with
efficiéhcies of 99.0% t§ 9§.7Z. This wide range of data was also due to
an unstable boiler with large opacity spikes. The opacity spikes are more
noticeable at the outlet since the ESP can not recover from rapid changes
~in particulate ioading. When an opacity spike would occur, the KV would
drop gnd the ma would rise as though there was an ash ground. After a
few minutes the power would resume its normal levels. One or two spikes
are enougﬁ to invalidate a test. Tests #1, 2, 3, 5, and 11 have large
outlet loadings and are considered invalid. The large loadings may have
been from the opacity spikes or from nozzle scrapings when inserting or

removing the sampling probe.

-31-



The migration velocity averaged 11.7 cm/sec without the invalid

tests. This value is about the same as the other SRC fuels.

SRC Residual Fuel 0il

With the boiler at steady-state, three different modes of ESP
operation were tested. Tests #1-5 were with a gas volume of 5000 ACFM
with the ESP fields set at 10 ma except for field #1 which ran at
maximum power with 3-5 ma due to insulator tracking. Tests #6-10 were
at the same 5000 ACFM, but with a lower current of 5 ma per field. The
last three tests were run at 7000 ACFM with the fields set at 5 ma. The

boiler was run at a steady state mode.

The results of the tests are shown in Appendix IV tables and
graphs. The inlet loading to the ESP ranged from 0.13 - 0.23 1b/10°
Btu. Test #1 and 2 had low loadings of 0.13 - 0.14 lb/lO6 Btu. The
average .inlet loading without those two tests was 0.208 lb/lO6 whieh is
four times the amount of #6 o0il ash. The outlet loadings with the SRC
resiéuai fuel o4l ash.were lower than the #6 o1l loadings. With an SCA
of 240 sq £t/1000 ACFM and a current density of 20 na/sq cm the outlet
loadings ranged from 0.0005 - 0.003 lb/lO6 Btu. The migration velocity
was calculated to be 1U.5 cm/se¢. The amount of partleulate coullected
on thé filter paper was small and the>accuraCy pf the test was
questionable. The current demnsity was lowered to 13 na/sq cm to
theoretically lower the efficienéy. The opposite happened, the efficiency
increased from 99.0% to 99.4% with outlet loadings of 0.0002 -.0.002
lb/lO6 Btu. The migration velocity increased from 10.5 to 11.8 cm/sec.

This indicatés that the ESP was overpowered at 20 na/sq cm. The lower

particulate loadings with a current density 13 na/sq cm are about
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the same as those with 20 na/cq cn when one considgfs the saccuracy of

measuring loadings this small.

The biggest change in ESP performance came with the increase in gas
flow rate or a decrease 1# SCA. With SCA of 173 and a current demnsity of
13 na/sq ¢m. The outlet loadings increased to 0.007 - 0.009 1b/106 Btu
The efficiencies were 96X, and the migration velocity dropped to 9.5
cm/sec.

The graphs show the three ESP operating conditions with the two
5000 ACFM conditions having similar loadings and efficiencies. The
two sets of data that can be usgd for the SoRI computer model would be
the 7000 ACFM, 173 sq £t/1000 ACFM SCA with a current density of 13
‘na/sq cm and the 5000 ACFM, 240 sq £t/1000 ACFM SCA with the 13 na/sq

cm current density.

SRC-Water Slurry

Two data points that could be used by thg SoRI computer model were
obtained from the.siurry testing. Three ESP test conditions were tested,
but one of the conditions consisted of only two tests whose results
varied greatly. The primary tesﬁ conditions were & gas volumc of 5300
ACFM, an SCA of 220 sq £t/1000 ACFM, and a current demsity of 18 na/sq
cm. Seven tests were run at this condition, but two of the tests showed
high particulate loadings and are not included in th; averaging of the
data. The five runs counted were no.'s 1, 2, 5, 7, and 8. The second

condition was to operate the ESP with only the last two fields energized,

runs 9, 11, and 12. With two fields enmergized at 5300 ACFM, the SCA
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was 145 sq sf/1000 ACFM and the current density was 12 na/sq cm.

The inlet particulate loa&ing averaged 0.96 1b/106 Btu which is about
the same as the SRC fuel. This ash did have a grayish tint com-
pared to the SRC fuel ash which was black. The tint was assumed to
be due to the additive Lomar D vhich is a wetting agent. The voltage-
currént (V-1) data for the slurry,vas qUiﬁe different from the SRC fuel

and is discussed in the V-1 section of this discussion.

~ The outlet emission rates for the 200 SCA at 18 na/sq cu were from
0.003-0.008 1b/mmbtu with two tests at 0.0192 and 0.0155 1b/10% Btu. The
ESP ;fficiegcy was 99.3Z with a migration velocity of 11.9 cm/sec. The
two high ioading tests are not conside;ed typical and the data is not
included in the averages. When the first field was de-energized, the
emission rate increased to 0.026 1b/10% Btu with an efficiency of 97.3%
The migration velocity dto#peé from 11.9 to 5.7 em/sec. |

~

Rappiggﬁﬁnd Peentrainment

The fly ash of all four fuels tested was easily cleaned from the
plates and wires. The buildup of ash was a problem only when the unit
wvas ailéved to cool below the dewpoint during-e;ther a boilér'bt an ESP
douﬁtime. The ease of tappiﬁg wvas to be expected with the low re-
sistivity ash. Loﬁ resistivi:y particles tend to lose their charge at

the collecting plate more readily than high resistivity particles.

Tﬂe ease of rapping will be a problem for rapping reentrainment.
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The ash was light and was reentrained quite easily. The rapping reen-
trainment was measured by SoRI using particle counters. This data is

to be used by SoRI in their computer model in sizing a full-scale unit.

V-1 Data and Curves (Appendix VI)

The V—i (voltage~current) data describes the electrical characteristics
of the ESP and of the flue gas. The voltage is the secondary or ESP voitage
which is measured in KV. The current is the secondary current resulting
from ¢orona generation. As an increasing-voltage is applied to an isolated
electrode or wire, a corona field will form. Wi;hin the corona field
there is a flow of electrons or current. The higher the applied voltage,
the higher tﬁe corona current until sparkover voltages are reached{

Without any gas flow through the ESP there exists V-I data for air,
"known as an airload. This data is dependent upon the ESP electrode
configuration and .spacing.  Corona fields occur most readily ardund
sharp objectg. -As a result the V-I characteristics for a round or star
wire are different than the V-I characteristics of a Barbed discharge
electrode. A round wire will Fequire more KV than a Barbed wire for the

same corona current.

Dif?erent discharge electrode configurations are best suited.for
different applications. A spiKed or barbed electrode results in a
. strong localized corona which is good for high dust loadings. A round

or star wire generates a corona along the entire electrode. This re-



sults 1in better corona coverage and is good with light dust loadings.
Both the No. 6 o0il and SRC fuels are low in ash, and thus, the star
type wire was chosen for.this_particular application. A drawing of the
star wire 1s included in Appendix I. |

For a given electrode configuration, different flue gas characte;-
istics will effect the V-I data.' Ash loading, ash resistivity, flue gas
moisture, apd temperature will effect the V-I properties. Generally, éhe
first fiéld will have.a higher voltage KV for the same current, ma, than
the othe; fields due to increased loadings. The V-1 curves in Appendix
VI show this to be true. The type of fuel burned determines the flue gas

characteristics and the V-1 data.

The V-1 data for the No. 6 oil shows that fields #2 and #3 V-i
curves are basically the same. . The field #1 curve is located to the
lower riéht.‘ This indicates that most of the ash is being collected in
the first field since the seccend and third field curves are ﬁhe same.
The variation of the two curves at the higher current levels i§ probably
due to some variation in one.of the fieldé such as electrode spacing, ash

buildup, or metering inaccuracy.

The V-1 data for the pulverized SRC shows the three fields to have
the same curves with little vatiation. This 1is due to the nature of the
ash. which is low resistivity and high carbon. The ash conducts so easily

that the amount of ash has little effect on the V-I characteristics,
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The SRC residual oil V-I data shows the three fields to be similar
with a small shift in position for the three fields. This data 1s typical

of a low mass loading.

The SRC-water slurry V-I data shows three distinctly different
curves for the three fields. ‘The nature of the fuel accounts for the
.differences. The'addition of water or moisture flattens and shifts the
curves down and to thélright. This fuel also contains a wetting agent
célled Lomar-D which also - affects the V-i data in its own way which is

unknown.

-37-



: CONCLUSION

The data obtained from ;he ESP testing will be a good base for the
SoRI computef progfam to specify a full-scale ESP. At least one good
data point was obtained for each of the SRC fdelé. Additional data
points were obtained for the SRC residual oil and SRC-water slurry.
This data was obtained under different ESP conditions with one boiler
condition, The additional data will allow SoRI to run two programs for
the two fuels to see if the full—size ESP specifications are similar.

¢

The Eé? operétion during.the testing was quite smooth with the
exception of the insulator fouliﬂg. There were no probiems with sparking
within the fields. The ash removai indicéted that most of the flyash was
collected in the first field. The insulator fouling is a design problem
of the pilot ESP and should not be a concern in a full-scale ESP. The
insulator fouling did limit the performaﬁce of the first field, but this

is accourted for in the ESP power variables.

The flyash charac£eristics ma§ chanéevwith more compiete combustion.
The ash carbon caﬁtént was high with 80 - 90% loss of ignition with the
small 700 H.P. boiler. More complete combustion in a utility boiier
could change the pérticle resistivity and size distribution which will
change the ESP'performance. Pérformance could be either begter or

woIrse.
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APPENDIX 1

ESP DRAWING AND DUCT LAYOUT
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1-11

PETC - SRC MASS TRAIN DATA t e O 1L FIRETD)

TEST DATE TIME TIME --ORSAT "' DATA (% VOL)-- = ccea- GAS TEMPERATURE---- -~MOISTURE--
NO ' (1601{ START END 021N CO2IN 020UT CO20UT IN ouT IN ouT IN - ouT
[ ] {-) ¢-) (-) (—r4 (=) (-) (f) (F) (F) c) () (%) [ )]

Fl(1) ’ 8-246 10:33 13:10 3.4 14.4 3.6 11.4 344 283 174 139 11.2 - 10.2

P2¢(1) - 8-24 13:48 13:53 ’ 1.4 14 5.3 1 asa. 2%0 178 143 13.1 ll.i

"P3ICI) 8-27 : 10:00 12:0¢ 3.1 14. 4 3 12.4 340 190 17t 143 13 11.7

P4 () 8-27 12:42 14:49 I 4 149. ¢ .9 12,6 . 398 . 290 176 143 12.3 - 12
1¢(3) 8-30 ?:16 11:28 { 1.2 13.6 4.8 13.2 333 159 148 14) 12.6 10.9
1c8) 8-30 12:43 14:33 3.4 1.8 3 12 344 291 173 144 13 1.3
3(7)’ 8-31. 8:30 IO:SBL 3.7 14 3.4 11.8 343 . 290 174 143 13.4 11.3
4(8) NO TE;T. BOILER LOST FIRE ~ . 'NA NA NA NA : NA
() . 8-31 13:34 16:00 3.3 14 -] 13 346 . 308 . 184 l:! 13.2 11.4
6C10) ?-1 8:30 10.:38 3.3 14 3.1 12.6 ass 303, 181 131 13.3 12. 4
7¢11) ?-1 12:312 17:38 ill- 14 3 12.4 374 310 : 190 . 134 13.7 13.12
(1) -2 8:34 10: 41 3.3 14 5.1 12.12 383 . 300 179 149 12.3 12.2
(1Y) ' ’-2 12:33 14:44 3.4 14.2 3.2 12:6 382 sos ' 183 132 13.3 12.3

;O(LQ) ?-3 ‘ 7:10 9:17 3.8 13.4 5.4 12.4 Jéz2 - 304 1823 131 ‘ 12.7 11.7

1101y ?-3 10:34 12:49 3.4 13.8: 3.3 12.6 374 3 190 156 . 13.4 11.4



[Am

PETCLC -BRCI MASS TRAIN DATA ( 86 O 1 L F1RED)

---------------------------- CAS VvVoOoLUMTE e % IN-. % IN-

TEST IN ourt IN ouT IN OuT 1IN ouT LEAK T LEAK

NO . . (ACFM) (ACFM) (SDCFM) (SDCFM) (ACHM) C(ACHM) (SDCHMM) (SDCMM) (SDCFM) - (0-2)
P1(1) aiy 4241 . 2233 2841 116.7 120.1 63.8 740 17.212 " 14.38
P1C2) 4203 4270 o 22133 2342 119 1209 63.1 2.4 14.73 12.180
PI(DY 4746 43503 2543 2716 - 133 127.% 7t.1 6.9 .72 11.32
PacCe) 4730 4309 2526 2719 134.2 127.7 721.3 v 7.64 10.43
1(3) 4940 ey 2699 2939 190.3  133.1 76.4 3.t 8.74¢ ?. %4
1 8) 3189 4900 2833 2984 149.6 138.8 80.12 84.3 s.33 10.06
3;7) s0ea 47858 2701 . 2918 144 1353 . "76.3 2.4 8.03 10.92
“s) NA MA NA NA NA NA NA HA NA

5(9). s100 813 2448 2859 T L1144 1363 7% . ?.97 ?.43
TEYH) 'TT 47312 2603 2792 139.5 134 73.7 9.1 7.1 10.13
7¢11) s189 5033 ) 2687 2913 147 1423 76.1 82.4 8. 49 10.06
a1 . so4s 4890 2664 1888 143.3 13893 75 .4 51.8 8. 41 10.19
2¢13) s127 814 2646 2820 . 145.2 136.9 74.9 9.9 4. 38 ' 11,46

10C14) 3333 St1et 2787 3059 131.7 146 .7 78.9 36 .46 R 9.76 10.312

11013) \ 3424 Q686 2739 2738 - 133.7 132.7 78.1 7.9 -0.78 12.18
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14

PETC-8REC TEST EMI1SSI1ON RATES (86 0 1L FI1RED
‘ ~---GR/ACF. —-onun --~-GR/SDCF ---- Lbs/106Btu (Fe?1.03)- TEST

TEST IN ouT LY IN ouT » IN ouTt . 1BOKINETICS
NO. (S N ) (- =) =) ) =) =) - (%IN) (%OUT)
PLC1) .0L34 .0008  94.10 o182 o001 r4.43 044 L0019 vs.a? 87.2 974
P2(2) 013y 0009  94.34 .03 .0013  93.00 .0448 0026 .74.44 88.4  ¥3.¢
PI(I) .0131  .0018  88.08 .0283  .0029  89.73. .0436 .00% 88.33 a4 103
PACA) L0131 . NA NA .0204 NA NA 0437 NA NA 3.6 104.9
1¢3) .0153 . :oo:. ?3. 46 0281  .0016  94.31 0434 .0028 9333 .7 98¢
LIy . oier o021 - 8e.a2 .0303  .0037 87.79 .0472 0043  86.43 v0.6 - 99.3
3(7) L0133 .0013 0. 20 0287 .0024 ?1.84 -0434 . 0043 90.37 23 - 8.7
“s) ' NA NA _ NA NA NA NA

S(Y) . .0146 .00LL 92 .47 © .o28  .001%  93.21% 044 .0033  92.50 3.2 100.?7
6(10) . 0173  .0018 . 89.40 .0327 . 0023 90.63 .0312- .00382  89.84 - 88.2  93.6
EXITY .0162  .0012  92.3¢ .0312 .0022 - 92.9% < .0487 .0037  92.40 3.3 8.3
EIRE S :§}37 L0012 $4.94 © .04%1 .002r 95.34 0708 .0037  v4.77 v2.6 102
TRER) f&:sj .0051 92 .81 0297 0019 93.60 .0463 .0033  92.87 ;Q.l 102.4
10¢14> .0143 0084  91.32 .0316 .0023 92.72 0305  .0042  91.68 0.8 101

1113 .0132 .00t 92.7¢6 .03 .001¥ 93.47 .0448 L0022 922.93 " 100.¢
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PETC-B8RC “TEST EMIB88S1O0ON RANTESTS ¢t o6 O1 L F 1 RED)

TEST -
TEBT. . -==-MG/ACH --- -=--MG/BOCH' '-—- -~ -==NG/JOVULE-==- . - |  ISOKINETICS:
NO . : IN ouT L IN ouT L) IN Vour . (RIN) (ROUT)
PLCLY ) s t.4 9¢.02 v 4.5 2.3 96.4) . 18.9 .8 98.77 87.1 . 7.4
PIC(D) . 344 2.1 24.22 ~ é8.4 3.4 93 .04 20.1 1.1 94.3) 8.4 7S . ¢
PI(D o 343 4.1 8812 ta.8 6.6 89.01 18.7 1.2 08.24 3.4 103.2
PACY®) 4.3 NA ‘N‘ . 63 Nﬁ NA 168 NA NA 3.4 1040
1) - A 3 2.3 93.43 _ 64 3.7 va.123 18.7 1.2 93.38 R A v8.¢
2¢8) 37.1 S 84.32 9.3 8.5 87.7) - 0.1 2.7 8¢6.70 %0.6 9.9
7Y . s 3.4 90.129 6.7 3.3 1.63 19.4 1.8 90.812 ) 8.7
a8y 0 NA NA ’ L NA ~ NA . a NA NA o
3¢9) 33 .4 1.3 92.51 641 4.3 3.2 ’ ie.' 1.9 92.06 .2 100.7
§€10) . 39.& 4.1 6963 74.8 4.9 0.78 ¥ ] 2.2 v0.00 0.2 3.6
7LD 37.1 .7 92.72 ' fl.c - s ?3.00 0. 1.6 92.34 95.5 v8.3
8C12) sq.2 2.7 93.02 : 103.2 4.8 93.3% 0.4 1.6 v4:74 2.4 102
1°013) 3s 2.5 92.86 68 4.3 93.48 19.¢ 1.4 92.96 4.1 102.4
1oc14) 37.8 3.2 91.33 72.3 3.3 91.67 21.7 1.8, 91.7% r0.8 101

11013 34.8 2.3 ?2.82 48 .4 4.3 93.73 20 .1 1.4 93.0) ” 100.9

”



TEST

NO .

PICL)
P2 (1)
PICY)
PaCQ)
143)
1C8)
M
48)
3¢9)
4010
72¢1 1)
8(12)
;(IJ)
10C14)

11t

PETC

- 8SRC

--E 8 P
Kvi
4.0

48 .7
3.7

4943 .2

4.2

7.3

7.1
4.2
@ .7
44 .8
44 .8
9.1

30.1

E

- I 4

DATA

AVERAGEGETE

MAL

Kv2

0.2

40.3

34 .1

37

38 .48

38 ¢

40 .2

Jé. 8

41 .4

41 4

MA

2

o w
XVv3
43 .8
s
36.7
37
34 .6
37.1

4.3

3g.12
g 12
1.1
@1 A
41 8
93 6

a3 &

R E S U

ER ---

MA3

30

30

10

L TS

%4 O

£ESP
POWER
(WATT)
34903
ERE N
~llél
1133
11484
1206
I!O?G
NA
1242
1199
1248
1229
1263
1341

1331

SP rvﬁ
(VATT/
KACEM)
827
793
244
144

233

128

238

NA

243

241
243
244
130

149

F

R E D)

CURR

AVE

(MA)

10

NA

10.1

1-DENS 1-DENS

(MA/

SQ FT)

.0813

.061)

.0244

.023Y

.0244

.0240

.0244

NA

.0249

.0241

.0238

.0244

.0244

.0244

.024¢

(NA/

8CA

(80 FT

BQ CM)/XKACFM)

43 .

43 .

26

3.

24 .

-26.

24 .

6.
2.
3.
4.
26
6.

6.

v

98

73

48

NA

80

4

48

49

48 -

48

134
23?7
244
230"
140

NA

240
138
128

223

(cM/

8EC)

NA

NA

14,

10.

.78

.14

NA

.71
K1)

.87

NA

[ 34

.34

.38

.87

.82
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LB/10°% BTU OUT vs. ACFM IN
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SRC Fuel Test Results and Graphs
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PETC-8RC HA.SS TRAIN DATA (P.ULV.BRC F1REDO

TEST © DATE TIME  TIME --ORSAT DATA (% VOL)-- —i---CAS TEMPERATURE---- --MOIBTURE--
_NO {1982) START END 02IN COZIN 020UT ° CO20UT IN ouTt IN our IN ouT
(-1 (=) - (-) =) S =) (- P ry 13 T3 %) (W)
P1(1) 10-2%  11:13 13:24 ' 4.4 14 6.4 1@_ C 299 132 148 122 6.3 a.s
rr(x> 10-29  18:40 10:08 3.8 13.6 8.4 1 - 313 247 137 131 5.0 L]
Pacay 11-1. 13:37 13:38 4.3 1.2 9 9.7 v 300 242 149 117 7.4 4.4
PaCO) 11-1 12:22 19:38 6.2 12.3 8.9 10.1 . 300 247 149 119 a.2 5.8
. PS(3) C11-3 15:1:! 17:19 6.4 12.4 9.8 9.3 . aoo 243 149 118 8.3 5.7
PeC4) 11-4 11:46  13:31 : 6.6 12.2 9.8 8.4 299 229 148 109 5.2 5.2
1e?y 11-19 9:28 11:34 6.4 12.2. 8.4 10.2 302 129" 130 109 4.7 4.0
1¢8) 11-13  17:35 19:%8 7.2 11 10.6 8.4 301 230 | 149 110 “r  aa
3cy 11-16 6:43 11:09 , 7.1 11.2 10 0.8 293 218 146 109 5.8 4.4
“@io 11-16 16:34  16:36 7.2 11.2 10 8.8 306 238 132 113 10 5.8
scry 11-16 18:41 20:47 8.4 11.¢ t11.4 8.8 297 123 147 107 5.s 4.1
(1) 1-17 8:39 10:44 ? 12.4  10.4 S 299 233 148 112 6.1 5.8
7013 11-17 _ 14:34  16:39 7.2 12 .2 10,4 9.2 300 2137 149 114 6.0 s.1
8014y 11-18 14:17  16:22 s 11.4 1o Y 299 242 1e8 117 6.9 3.8
(1Y) ti1-18 17:01 19:0% 7.4 11 10.4 8.4 306 24 132 117 4.1 5.7_
1§(|a> 11-19 8:359 11:04 4.8 11.8 10 8.8 199 233 148 1112 7 5.3
IRERER) 11-19  11:41 11:3% 6.6 11.e 10 .8 - 303 242 132 117 §.6 6.4
12¢18) 11-19  12:41 14:38 7.2 11.4 9.4 9.4 ‘300 238 1499 114 7.2 5

13¢19) .‘ll-l9 15:36 17:23: 6.9 12 9.2 9.9 joo0 238 149 114 6.2 e.?



¢-I11

TEST

NO.

PO

P2(1)

P3ICI)

PeCQ)

P3ICS)

PO

1e

1(8)

I,

4010)

S1t)

€1

7(13)

8(14)

(1Y)

10¢16)

G

12¢18)

13619

PETC-83RC

CALEMY

5096
31387
s430
5340
1473

3348

ouT -

(ACFM) -

4890
3183
4044
3432
»!606
3433
3733

6340

4277

6343

3822

6127

4107

6077

64923 .

61372 -

6128

6216

6536

M A S 3

(SDCFM)I (SDCEM)

2909

1743

2344

2888

270%"

1934

3243

3413

3373

3017

3123

3313

32112

3114

3310

3323

o2

3358

3418

TRAIN

ouT

3883

3vo?

3982

4133

4384

4337

4440

4190

4340

317

q241

4482

3367

43912

‘9394

4333

DAT

148 .8
133.2
184.1

146.2

141 .46

1499 .3

144.3

134.3

131.8

137.7

A (PVYU LWV

C

F I1RED)

ouT

159.3
143

179.3

182
173.7

179 .2

173.8

IN

ovuT

¢(BDCMM) (BDCMM) -

82 .-

?7.

64 .

76.

?6.

3.

8.

3.

91

3.

94.

87.

3.1

96 .

101

% IN-

LEAK

(8DCFM)

16.
2.
a1.
'y
Ty
.
27.
sa.
.
4.
.
30.
3a.
3s.

33 .

Y

2.

3o.

7.

34

s

28

83

T

76

@

.34

04

3

q1

% IN-

LEAXK .

(0-2)

13.

0.

21

3.

3.

3.

3t

32.

30.

28.

31.

3.

19,

3.

1A/

.01

30

.43

[} ]
00
01
[34
[ 34
38
s
.
33
3?
19
19
13

93



€-III

PETC-B8RC 1 TE ST EMI S 810N RATTES (P U L V. S RC F1RED

TEST -==-GR/ACF '—oomu- - ----GR/SDCF -wn- LbS/lOéﬁtU(r-9§.lO)f TEST
NO . N ouT L) IN ouT L IN ouT % I80KINETICS
(=) =) ) =) - =) - =) - (%IN) (WOUT)
PL(L) .3482 . 1%14  63.09 .8933 304 46.03% 1.3939 6173 &1.31 loa.; 115 .1
P2(1) .3801 . 0113  97.03 | .627% 0168  97.312 1.2079 0391 96.76 102.3 102.2
PIC(D) .2304 0031  98.43 .3809 .0043  98.82 .76¢87 .009 ve. 83 110.3  99.7
PACO) .3405 . 002 99. a1 3433 0029  99.47 1.0777 0069  99.3¢ 93.7 101.3
P3(3) .2899 .004%  18.38 .4857 0049 9838 .#731  .0181  98.14 109 8.4
PsC4) ' L2913 . 0417  83.87 .4746 . 0383 87.72 9642  .1326  84.17 104,86 102.7
1e?) .3308  .003%  99.00 .3646 0048 9913 ,1.131> L0112 99.01 1.4 1019
1(8) a2 o0s: 9740 .3348 . 0073  97.94 73213 :0207  97.2% 102.4 97.3
39 L2321 .009 y6.43 L4068  .0125  96.93 1.0838 0266 97.393 s8.9 98.3
TR 3 3131 0032 98.98 3393 . 0046  99.13 1.434  .00%8  99.32 103.8 98.9
Sc11) .2877 .0034 ve. 12 .4316  .0073  98.2% 1.002% .023 97.71 96.9  97.4
s1D) 3213 0013 99 .60 .4847 0019  99.83 . 1.0128 ‘ooga 99.48 93.7  97.3
7¢13) L2614 0019  99.27 .429%1 0027 99 .37 91 0073 99 .18 103.4 17.3
§C10) .2514° .0009y 9944 .4101 0013 99 .48 . .9234 0033 99.42 102.3 101.9
9013) ) L2206 0013 99.41 .35% .00t 99 47 7723 0032 9% .33 102.4 8.4
10¢16) .2837 . 0008  99.72 4648 . 0011  99.78 9442 0029  99.49 101.2 98.8
11017y 276  .8242 er.eg .e784 . 006 $8.73 9?18 0 98.33 95.7  102.2
12¢18) 2528 0011 99 .56 eraz .oote 59 e 8739 .004 99 .54  s0z.3 8.1

13¢19) L2L46 .eat ?9.3¢ L3519 .GC1 4 99.40 .707 .ce24 ?9.32 ta1.9 98.7



p-111

TEST

NO .

P1(1)
P2(1)
PICI)
PeCe)
P3(3)
PaCs)
1(7)
1(3)7
I

4010

\

(1)
7(‘3)
8(14)
(13D
10C16)
tret?y
12¢18)

13¢19)

11

PETC -SRC TEST
ce--MG/ACM ~=-mmn
N ouT .

=) (-) (=)
1254 437.92 45.09
870 25.85 97.01
352"  7.09 98.6%
279 4.38 99 a1
663 10.73 98.38
667 94.17 83.87
803 B8.01 9¢9.00
306 12.13 9740
377 20.39 94.43
721 7.32 98.9¢
638 12.36 98.12
738 2.97 9946
598 4.3 99.2:
$?S  2.06 99.64
‘508 2.%7  99.4-
649 l.a;! 99 .72
631 9.61 98.48
s78  2.52 99 5%
ass  2.129 99.31

EHI1ISS 1

IN

2049

1437

871

1248

1111

1084

12912

812

9231

1234

1109

982

821

1043

1093

948

ON RATES
~---MGISDCM ----
ouT -
(- =)
693.53 64.0%
.38.49 97.32
10.30 ¥98.82
6.64 99 47
13.79 98.%8
133.39 87.72
10.98  99.1%
16.70 97.9%4
18.40 94.93
10.51 99.13
17.18 98.24
4.35 99 41
6.18 99 .37
2.97 99.68
4.33 99.a7
251 9976
13.73  98.75
3.46 99.41
3.20 99.40

807

(P UL V.

LX)
5Ly
amn
48
418

13

4464
417
431
4346
kKRN
77
32
904

q18

104

8 R

ouT
=)
tss.

16.

[}

33

81

.87
.97
.78
.42
.82
.90
.44
.21
.89

.28

.81
L4
.23
.88
.72

.96

F1TRED

96 .

*8.

?e.

8.

Y.

97.

97.

99.

7.

99 .

%9.

ve.

9.

99 .

.98.

99 .

99 .

.3t

76

el

14

17

01

13

33

a

71

48

18

62

33

49

33

34

52

-

TEST

130KINETICS

(MIN)

100.7

102.3

110.23

93.7

109

104 .4

%8 .4

102 . 4

103.8

v4.9

3.7

103. 4

102.2

102 .4

101.12

$3.7

102.5

102.9

(%0UT)

115.1

102.2

9.7

101.3

8.4

102.7 .

1019

7.3

8.2

98.9

7.6

7.3

7.3

101.9

8.6

98.8

102 .1

?8.1

98 .7



TEST

NO .

PLLL)
PI(I)
P3¢
PO
P3¢y
P6C4)
1¢7)
208)
309)
TR
SCi1)
'TREY)
7013)
YRR}
9‘(15)
10016)
1117y
12:18)

13¢1 )

PETC

--EL 8 P
XVt

12

19.1

19

13.9
-33.0
40

3s.2
37 .1
3% .4
18.2
346.4
36.7

36 .3

8.7

30.7

- 8RC

E

8 P

AVERAMKMGCE

MAL

KV

20.1

s .1

9.2

19 .4

24.3

3e. ¢

43 .46

39.4

2.8

40.8

37. 4

0.7

40.7

40 .2

90 .6

40.3.

3v.9

40 .2

Mal

10

10

D ATA

P OWER

KV3

38 .8
346 .7
3g. 9.
1.9
12.9
94 -1
48 .3
°?2 .7
43 .8
43 .4
41 .7
43 .4
2.2
42 .3
Ql.f
a2

41 .9

42 . 4

MA2

10

10

RESULTS

ESP

POWER

(

P ULV

8P PWR

(WATT/

(WATT) KACEFM)

899

1110

1072

1037

1107

488

1012

1066

1040

112

116

134

192

183

169

179

Cc

F TRED?

I1-DENS [-DENS

(MA/

(NAY7 -

8CA

180 T

80 FT) 8Q CM)/XACEM)

.0638
.0199
.0241
0234
L0126
.0187
L0177
.0207
.0211
L0197
.0219
.0133
.0202
.0217
L0212
L0214
L0209
.0192

.0202

68
21.
23.
23.
13.
20.
19’
2.
23.
21,
‘23,
16.
21,
23.
22.
23.
22.
20.

21,

1
37?7

4

124

124

127

(CHM/

8EC)

11

13.

12.

12.

a8
.40
Y
74
.33
.70 .
12
.11

.41

74

.37

96

34

.83

.24

13

17

3o

40

w-K

(CM/

8EC)

2.

L3/

.19,

46 .
Y.
3.
33.
27.
37.
30.
“‘u
36.
76 .
3?7.
46 .

66 .

.79

.26

”

.83 .

73
)
1
1
)
61
70
14
24
17

63
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APPENDIX IV

* SRC Residual Fuel 01l Test ResﬁltS‘énd-Graphs

 Page

TESTING DATA '

Date, Time, Orsat, Gas Temperature, Moisture . . . .. 1
Gas VolumesIn-léakage . . . . . . . . . -
Mass Emission Rates - English ., . . . . . . :. .. 3
Mass Emission Rate - Metric . . . .« . . « .« . . &
ESP Operating Data and Results e+ e« v e e . . 5
GRAPHS

LB/106 Btu Out Versus ACFM In - + « = « « « & - .
LB/106 Btu Out Versus SCA . .+ + o« o o o« . .o B.o,
LB/lO6 Btu Qut Versus Curfeht'Density . R . . . . .

N

O 00 N o

LB/106 Btu Out Versus Specific Cbroﬁa Power . . . . . . .
% Efficiency Versus ACFM In . . . . . . . . . . 10

>

Efficiency Versus SCA . : . « « v .+ o . . PP B

% Efficiency Versus Current Density . . . . . . .12
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T-AI

TEST

NO

P1¢(20)

P2¢11)

PICID)

P4 C1Y)

Pl(14)

Pa(23)

1026)

2(27)

3cze)

@z

3¢30)

6(3)

732

8(3Iy)

(3

10¢33%5)

114348)

12437)

13¢38)

PETC

DATE .

(1982)

12-123
11-13
12-14
12-14
12-14
12-13
12-13
12-13
1216
12-14
;1-17
12-17

12-17

S RC

‘TIME

START

(-)

13:

11:

14:

13:

19:

11

14:

11

11

14:

107

- X

154

:33

143

58

10

136

02

33

143

130

04

: 40

29

: 04

: 39

26

TIN

END

12:

17:

13:

13:

18:

13:

16:

12:

13:

18:

10:

13:

13:

10:

E

03

124

39

30

03

03

00

32

k1)

14

7

: 34

44

32

MASS TRAIN DATA
--ORSAT DATA (% VOL)--
021N CO2IN 020UT CO20UT
(=) ) (=) )
4.4 14.4 8. 10.2

3.2 13 7 11
s.1 13.4 9. 9.4
? 12 9. 9.8
5.2 13.6 7. 11
5.1 13.4 6 12.6
5.4 13 7. 11.12
s 13 ? 12

& 12.4 8. 9.8
4 14 7. 1
6.8 12.12 7. 1t
6.8 12 7. 1

q 14 5. 12.6
4.2 14 7. 11.2
4 14 6. 11.4
3.4 14.4 q. 14
1.6 132.8 s . 12.8
3.8 13 3 12.4
1.8 14.4 3. 13

(

RES'1D.

294

ot

293

199

294

303

298

300

304

297

293

o0

300

011l

244

238

242

240

241

F 1 RED)

TEMPERATURE-
IN

(C)H

148
147

131

149
131
i47
143
149
149

149

ouT

(€

114

114

116

--MO1STURE -~
IN ouT
(W) (%)

9.4 8.8

9.1 -7.0
8.4 7.4
9.1 8.1
9.4 7.9
8.9 7.3
9.3 8

9.7 8.3
9.7 8.3

9.3 8

9.8 8.6
9.4 8.4
9 8.3



¢=Al

TEST
NO.

Pr1(20)
P2(121)
PI(1I)
Pa(1))
P3(24)
PE(13)

1(24)

zn

3z

@2y

3¢30)

(YA 8]

703

8(3))

(34

10¢33)

11¢34)

12¢37)

13¢38)

‘N
(ACEM)
4837
4749
TY)
5037
s0é4
4372
S0S9

$122

34911
I¥q
4843
.Slﬂl
XA A
sar2
5138
70312
7¢09

70132

PETC

(ACFM)

S158
1144
1344
3130
1431
1308
1747

sa78
s442
5620
s744
Sest
ssaq
3441
5399
S4€9
7482
7402

7744

R

C

1930

2884

3010

3033

3011

2921

3038

30133

2893

3222

3097

2849

Joz1

3108

2981

2947

113

4184

Q1919

M A S S

36212

3424

3730

3670

3774

38412

4018

3789

3030

je1s

3866

39e2

31738

3807

3747

Jez1

4970

977

3142

TRAILIN

133 .1

141

142 .6

131.1

144.3

149 .5

143 .93

199.7

198.93

199 .4

D ATA

146 .1

144 .3

1319

148 .7

- 133.8

111.9

219.9

¢t RES 1D

(SDCMMD) (
83
81.7?
83 .2
83 .9
83.)
831.7
(1]
83. ¢
82
7.2
ar.?
81.13
83 .4
Ba
L]
B3 .3
116 .3
118.1

118.8

01

ouT

SDCHM)

102 .6

102 .4

103 .4

103.°

106 .9

108.8

107.3

109

108 .1

109.3

113 .t

106 .4

107 .8

106 .1

140 .8

1490. 9

143 .4

t

F 1 RED)

23,
23,
11
23,
3
.
24.
3.
1e.
24,
3.
24.
1.
23,
29 .
20.
16,

2.

.41

37

"2

3?7

.33

3

9

1 A4

S0

83

14

0

4

70

44

81

93

40

% IN-

LEAK

(0-

0.

7.

34

10.

14.

14.

t17.

13.

16.

21

18.

16.

ti.

P 3]

33

34

1

.80

03

.37

81

39

3

346

.01

.02

33

.90

18

.39

.93

11

74



£-Al

TEST
NO.
P1(20)
P2<(11)
P3I(22)
Peac1d)
P3C20)
PsC13)
1(26)
127
s
@z
3¢30)
§(31)
7¢3)
83
?(34)
10¢33)
11(36)
12¢37)

13¢38)

PETC

1 TEST

- 3RC
-~-~-=-CR/ACF
IN ouT

(=) (-)

.1093  .0014

.008234 .0012

L0617 .0004

042 L0003
0344 .0003
0313 .0007

.0421 .0007

0417 .00012

.0781 .0009

.071} .0006

0646 .0002

.03¢4 .0002

.08 .0003

.0602 .0007

.0733. .0002

.0736 .0002

.0719 .0024

L0712 .0024

.06894 .0032

v8.
ve.

99

9.
?8.
’8 .
99 .
98 .
9Y.
99 .
99.
9.
98 .
99 .
99 .
4.
.96.

?3.

&8

72

34

33

.29

EY)

34

83

70

64

1?

84

73

74

38

43

i

E

M

S 8 1

1378
.102

.049%7
.0913
.0%012
L0717
L0772
L1317
L1264
L1147
.094¢
.1014
10212
1244
.1318
L1233
L1192

.118S

ON RATTES

GR/8DCF

ouT

L0017

.0004

.0004

.0007

.001

.0011

.0002

.0013

.00t

.0003

.0003

.0008

.0011

.0002

.0002

.0019

.0026

.0048

9.

9.

9.

98 .

98 .

99.

99 .

9.

99

99.

9.

98.

99.

9.

6.

6.

3.

.89

.77

31

3

23

89

47

74

02

21

.74

68

21

84

8%

94

(R E S8 1 D.

F

I RED

Lbs/lOGBtu(r-vs.es)-

IN

L3182
.21244
.1871
1444
L1479
1633
.133)
.1398
. 2544
.2134
. 2344
L1941
.1718
17483
L2123
L2198
L2179
.1983

. 19423

ouT

.0043
.00137
.00|5
.001

.0014
L0011y
.0023

.0003

.002
.001
.0004
.Q014
.00212
.0003
.0002
.0073
.007

L0091

9s.

929.

?Y.

9.

12 ]

98 .

9.

8.

9.

9.

9.

9.

98 .

.99 .

99.

96 .

96 .

3.

.39

a3

20

3t

03

17

[X]

83

0?

37

[ 34

07

70

74

91

54

7

34

TEST
180K INETICS
(RIN) (WOUT)
103 8y
7.5 9.7
103.3 977
19.8 3.9
101.1° 93.4
103 v4.9
100.9 939
19.3  93.4
100.6 3.7
101.9 95.6
101.1 95.8
103 96.3
101.3 96.¢
103.3  93.%
99.7 5.9
103.8 9.8
103 .9 946 .9
102.1 94.9

102 .1

6.9



7-Al

TEBT
NO.
Pi(20)
P2C21)
P3(22)
PeaC13)
P3(14)
PeC(IY)
1(28)
2zn
EXR Y B
Wy
3¢30)
€31
7¢32)
8(33)
034)
10¢335)
11¢36)
12¢37)

13¢38)

PETC

- 8 R

----HG/ACHM"

IN

v

103

179

170

132

137

138

168

173

143

143

139

ouT

0.69

0.4¢

2.04

0.46

0.44

Q.46

3.°93%

TEST

98 .

98 .

99 .

?Y.

99 .

98.

98.

?9.

?8.

9.

9.

99.

99 .

968

99.

99.

96 .

6.

953.

72

346

13

29

o8

38

36

83

19

70

64

84

73

74

kY]

43

39

€

™

t

S S 10N
----MG/SDCH
IN ouT

(=) (=)

@1 3.3%8
s 3.89
233 1.3?7
159 0.92
209 1.40
204 2.29
144 2.52
177 0.4¢
3014 2.97
289 1.29
262 0.69
217 0.49
2312 1.83
234 2.32
283 0.4a¢
01 0.4¢
282 8.92
273 0.24
247 10.98°

RATES

8.
ve.
99 .
99 .
99.
8.
’e .
29.
9.
9.
99 .
’y.
9.
8.
99 .
9.
96 .
96 .

?3.

a1

43

23

89

L4

74

02

21

74

(3]

21

92

84

83

84

98

(S R C

&2

71

71

37

40

114

91

101

74

26

94

74

393

34

R E 8 1

ouT

0.43

0.49

0.812

0.99

0.122

0.04

0.26

0.69

0.99

Q.22

0.09

1}

98.

98.

9%.

?9.

99.

?8 .

98 .

99.

’8.

re.

9.

9% .

9y

98 .

9.

99.

96 .

6.

?3

o]

39

s

20

31

27

(X

0?7

70

74

91

34

47

.36

L

F1TRED

TEST

IBOKINETICS

(%IN)

103

?7.3

103.3

9.8

101.1

103

100.9

9.3 "

100.6

101.9

101.1

103

101.3

103.5

99.7

102.8

103 .9

102.1

102.1

(ROUT)

|34

v8.7

7.7

3.9

3.4

?4.9

93.4

3.7

?3.4

5.8

6.3

76 .4

3.3

13.?

74 .8

4.9

6.9



$=AL

TEST

NO .

P1L20)

P2(2L)

PiC22)

Pa(213)

¢

PI(24)

Pé(13)

1(28)

2z

3.

(29

S€30)

4€31)

?7¢32)

8¢33)

(34

10¢33)

11(348)

“1¢37)

13038

PETC

--C 8 P

KvVi

32 .4

33. 4

40.9

37.3

0.3

31.4

24.2

26.4

3.1

23.7

33.7

311.12

14 .4

14 .12

27.1

30.4

23.4

21.3

- 8SRC

E

S P

AVERALGTE

MAL

3. 64

3.43

3$.93

Xv2

38.7

33 .2

38 .4

34.7

37.4

3r. 4

3.4

3.7

3

3v. s

40

3zt

37.4

37.4

a8

37.3%

38 .4

3v.12

.38.7

MA2

Lo

10

10

10

I

.

=

D ATA

POWER

KV3)
3s .2
-33 .4
3é

31 .3
349
Ja .y
37 .1
37.1
3¢

36 .3
37 .t
34 )
33.7
14

34 .4
39. 4
31.3
33.6'

jz.¢

MAD

10

10

10.1

REBUVULTS

ESP

POVER

(WATT)

1028

1043

1133

319

1128

710

4133
43¢
477

sSo0

s23
Tase

.439

[

RES

8P PWR

(WATT?

KACTH)

21)
113
2312
103
113

178
162
168
1)
83
90
99
99
74
67

63

o

| S A

10

fF 1 RE

1-DENS

(MA/

8Q FT)

.024)

.0391

.0244

.012)3

0244

.01?

L0103

.0203

.0203

.02014

.0108

L0112

.01212

L0124

.0117

.0t1120

.0118

.02

D

1 -DENS

(NA/

8CA

(80 FT

8Q CM) /XACFM)

24 .

27.

26.

24 .

2.

10

1y,

12.

1.

1.

14

40

490

3

”"

0?7

07

49

43

04

.34

.47

.78

.70

.92

132

134

143

123

118

131

174

173

(CM/

8EC)

12.

11.

.10

.47

.83

.30

.39

.13

.74

74

.9

.38

.82

.01

.0

.7?

.02

(CM/

SEC)

34

32.

3.

.

4.

0.

40

30.

[ X 3N

68

46 .

@

?7.

103 .

33,

32,

27.

34

71

[}

19

9%

”

04é

(X}

41

3

0

.48

7

38

3?7

46

73
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APPENDIX V
SRC - Water Slurry Test Results And Graphs

Page

TESTING DATA

Date, Time, Orsat, Gas Temperature, Moisture . b. 1
Gas Volume,In-leakage . . . . . . . . . 2
Mass Emission Rates - English . . . . . . . .3
Mass Emission Rate - Metric . . . .. . . 4
ESP Operating Data and Results . . e . . 5
GRAPHS

LB/10% Bty out Versus ACFM In . . . - . . . 6
LB/10% Btu Out Versus scA . .. . . . . . . 7
LB/106 Btu Out Versus Current Density . 8
LB/106 Btu Out Versus Specific Corona Power . . 9
% Efficiency Versus ACFM In . . . . . . . . 10
% Efficiency Versus SCA . . . _. . . . . - .11
% Efficiency Versus Current Density . .. . . . . .12
% Efficiency Versus Specific Corona Power . . . . .. . 13
W Versus SCA . . . . . . . o e . . . . . 14
W Versus Current Density . . . . o . . . . . 15
W Versus Specific Corona Power. . . . o . . . 16



PETC - 8RC MAS 3 TRAIN'DATA (S RC -WATTER F1RED)

TE;T DATE TiHE TIME ~-0ORSAT DATA (% voLy-- eeaoo GAS TEHPERATURE---- ~-MOISTURE--
NO (19812) START EﬁD 02IN CO2IN O20UT CO20VUT IN ouT IN ouT ;N ouT
(-» . (-1 (-) -y -) (-) (-) (-) . (F) (F) C) C) . (%) (%)

PLCIY) 1-3 + 10:00 11:11 ‘4 13.86 8.3 9 300 1233 ' 149 112 : 12.2 9.9

P2{(40) 1-6 8:40 9:44 4.4 14 7' 11.4 196 2219 147 109 11.4 10.4

Ps(tl) i-t 11:27 12:27 4.3 14.4 4.4 10.0 300 233 - 149 11) 11.9 10.7

Pacal) 1-7 © 9:00 10:24 4.4 13.4 8.6 10.1 3ot 234 149 112 12.1 10.1

P3{43) 1-? 11:13 12:40 .2 13.4 8 t1.1 ’ 298 241 1498 117 12.2 10.1

P4 C4Y) 1-? 15:30 14:230 3.8 - 1.8 7.8 11.2 300 140 149 . 116 12 10.8

P7143) ] 1~-10 8:30 10:33 9 9.8 -270 132 1.2

Pe.(44) 1-10 12:33 14:33 3 [ B . 70 132 11.9
1{a4?7) 1-ut 8:43 10:50: / 4.4 12.8 8.4 10.12 303 134 151 113 10.9 10.12
21{48) ‘ 1-11 11:30 13:32 4.4 13.8 8.8 9.2 300 140 149 114 L B B | 10.1
3{47) t-ut 14:193 16:18 9.4 }3 8.8 t1.2 ’ ‘307 244 ~ 133 118 “11.83 ‘ 1018
4(50) l-;l 8:30 10255 _ .12 13.8 7.1 All.! Jon 133 149 113 10.1 8.9
SIS t-12 12:013 14:08 3.0 13.2 6.8 11.4 T 3ot 233 IQ’I 113 ; 10.12 9.8
6131) 1-112 14:37 16:43 4.@ 13.12 7.2 10.8 301 }QOA 149 116 11.7 8.8
705)) 1-13 ?7:32 9:38 ' 4.4 13.6 7.4 10.2 300 . 240 ’ 149 114 ll]5 v.1
8(34) . 1-13 10:41 12:22 Q.4 S 13.12 7.6 11.2 299 140 148 114 1.6 10.°9
9¢(33) 1-12 12:49 14914 q 13 7.4 10.8 3o 240 149 116 12.8 .Il.l
10(34) 1-14 8:21 10:26 - a.8 13.12 7.4 10 298 240 148 116 1.3 9.;
t1(37) 1-14 11:23 13:07 4.2 14 7.4 10 301 . 240 149 116 l|;7 9.9

t2¢se) - 1-14 13:39 149:39 4 4 t2.8 ? 11 2 301 240 149 116 12.3 9.3



TEST

NO.

PLC3?)

P2 (40)

PICaL)

PaC4z,

P3(4d)

Pé (Q4)

P2¢(43)

PB (44

1¢(a7)

2(48)

3camn

4030

3¢3511}

6¢(312)

7(33)

8(34

?(3%3)

10(3%4)

11¢37)

12¢(38)

FETC

IN
<ACFM)
3088
3394
56[3
3333
5439
3332
3709
QOIS
3701
$400
3441
304¢
3304
3334
33123
36359
3645
5330‘
3338

3584

-8 R C

out

(ACFM)
s811
33913
3824
5929
6017

1734

3093
3973
4034
$440
.5738
3703
3804
3679
$740
3484
§3¢13

53313

M AS S

IN

1949

atzo

32123

3137

3077

3114

3443

3412

3214

Itey

3247

jiee

30134

3190

3134

TRATIN

ouT

3800

3740

3867

3sel

3vay

3738

3843

asrs

3vie

3szr?

a4

3834

3gel

ar?

3729

3738

3844

1641

D ATAR

161.7
170.3
141.3
158. ¢
134.1

1421.9

160.3
1399
t31.2
157.4

138.1

( 8 RC

ouT
CACHM)

169.2
171.4
160.3
162.3
161.4
164.4
160.8
1626
141
157.3

154.7

W ATER

IN

F 1 RED

ouT

(SDCHM) (SDCHMM)

843.3
8s. 4
91
6.8
a7.1
8.3
ra.1
102 .4
1.4
89.7
84 .4
84 . ¢

89.1

89 .9

91

107.6
106.2

109.93

109 . ¢

111,12
108 .4

108.8

109.9
103.3
105 .4
105 .9
103.3

103 .1

)

% IN-LEARKACE

(8DCFM)

8.
20.
10.
3.
18 .

20.

1y,
3.
48 .

23

13.
1.
14.
ts.

3.

16.

84

ié

3s

72

34

43

00

74

04

.0¥%

L]:]

23

78

9?7

10

R}

(0-2)

36.
18.
13.
3q.
29.

30.

.
34.

34.

21

21t

24.

2.

23 .

19.

13

1

71

t3

44

33

0d

38

7

. %0

.28

.32

[ ]

LY

14

.70

.17



TEBT

NO .

P1(3®)
P2140)
PIL4L)
PeC42)
P3(4])
P4 C44Q)
P7(4})
PBC44)
1(47)
1(48)
3(439)
4(30)
3¢31)
4(31)
7(3))
8(39)
P(33)
10¢(34)
11¢37)

12¢(38)

PETC

a7

-8sRC TEST
~==-GR/ACF .momeen
N ouT %
(-1 (=) (=)

L3197 .0207  93.33

L3319 .0326  90.74

sear 0131 9.

.2992  .0014  99.33

.3894 002 99.49

414 . 0013 99 .69

.38

L4418

J3134 .0013  99.59

.3382 0008 99.78

.3479  .0022  99.40

L2941 0062  97.89

.2914 .0021 . 99.28

.2865 .0043  98.50

29 0022 99 .14

02793 0025  99.10

.3124 .0078  97.%0

3068 0047  98.47

.3302  .0078  97.64

.3286 .0087 97 .33

E

M

1

28 10N RATES
----GR/SDCF ----
IN ouT %

=) (- (=)

3316 .0303  94.47

4089 . 0494  91.89

6362 0197 94.90

.3397  .0021  99.é0

6802 0031  99.33

.7383  .0021  99.72

.4518

L7661

.3323  .o002 S ANY)

4331 0013 99.79

.6362 .0034  99.48

.4945 0091  98.17

.4913 0031 99.37

4923 . 0064 98.70

.3043  .0032  99.37

4819  .0038  99.21

05331 .0t12t 97.81

3396 0072  98.87

3844 0119  97.96

5853 .0132  97.75

{ S RC -%WATTEHR

. 9441
1.0873
1.1218

.v287

1.2493
1.1032
1.2896

.948)

1.1643

.84

.8844
.884

.8332
.9448
.9696 -
1.0122

1.0389

FIRED
(F=95.42)-
ouT L
=) (=)
L0713 92.453
.1028 90.37
L0396 ?6.47
.003 99. 48
.o0084 99.30
.0048 99.63
.0047 99 .31
.003 9.73
.0081 99.30
o192 97.77
.0063 99 .24
.013¢ 98 48
007 99 .21
.0083 99 03
028 97.23
L0133 98.40
.0238 97 .48
L0276 97.34

TEST

1SOKINETICS
(BIN) (%OUT)
$9.3 90.7
106.1 93.3
108.2 99.8
102.9 99
102.8 98.7
105.64 94.9
97.¢
va.8
103.3 99 .4
102.2 99.¢
101.9 8.2
192.7 9.9
100.4 100.12
101.9 9%.4
99 .7 100 .1
100.5 102.7
99 .3 102 .3
103.4 100.9
102.2 101.2
103.1 100.7



PETC

TEST

NO .

P1(29)
P2CHAC)
PIC41}
PeC12)
P3(41)
Pe (44)
P72(43)
P8 (46)
1(47)
(40
3(a9)
4050
(I
((};)
7(33)»
8(34)
L AR-E-B )
10¢(54)
[ REENA

12(34)

3 RC

TE

ST

~--MG/ACH ---

IN

483

891

747

906

1038

647

436

6649

639

702

733

732

ouT

?3.

0.

6.

99 .

9.

RAM

9.

99 .

99.

97?7

?9.

8.

99.

9.

?7.

98 .

7.

7.

q9

[ 34

39

90

89

28

50

24

10

30

47

[X]

33

EMI 3851 0N

RATES
~
---HG/SDCH ---
IN ouT LY
=) [ ] (-)
12612 70 94.47
1393 113 91.89
1456 43 v6.9%0
1212 S 9v.60
1573 - 7 99.3%
1690 s 99.72
1494
1733
1264 3 99.44
1449 3 vy .79
1501 8 99.48
1136 21 98.17
1124 7 99.37
1126 1S 98.70
1154 7 99.37
1103 9 99.21
1263 28 97.81
1235 -16 98.67
1337 27. 97.96
1340 30 97.73

(3 R C

F

R E D)

2.

v0.

6.

99

9.

?9.

99.

v9.

?9.

97.

99.

986 .

9.

99.

7.

v8.

97.

-WATER
---NG/JOULE---
IN ouT

) =)

04 3
439 44
981 17
399 ]
513 4
$37 2
473
555
s 2
77 1
301 3
379 ]
as? 3
380 ¢
380 ]
3s8 4
407 11
a? ?
33 11
447 12

7.

TEST

IS8OKINETICS

(%IN)

104.1

104.2
102.9
102.8
105 .6
7.4

v8.8

103.)
102.12
101.9°
102.7
100.6
{01.9
9.7

100.9
' .2

103 .4
102.2

103 .1

(KOUT)
0.7
935.9
9.8
(24
708.7

4.3

29 .¢
??.6
78 .2
?7.°?
100.1
9.4
100.1
102.7
102 .3
tgo0.9
101.2

100.7



PETC

TEST

NO .

PIC39)
P2(40)
PICAL)
P4Ca1)
P3(43)
Pe1eq)
P7(43)
PO (46)
1ea7)y
1(50)
3049)
@so)
S(S1)
61352
7033
8134
9033)
10¢56)
11372

12¢38)

S REC

--E &
Kvi

30.4
31.7

2

43.2
36.8
23.1
2.4
40 .4
34.53

31.2

4 .2

&

ESP DATA

AVERAGE
MAL Kv2 MA2
0 a2.1  a.3¢
0 6.3 3
-0 378 .06
9.13  44.7 8.4t
6.73  a7.3  9.33
7.7 6.2 7.78
) 0 )
) ) 0
4.38  40.8 8.4
3.67  41.9% 9.7t
3.93  43.3 3
3.25 47.8 5.33
a.e as.1 4.6
.47 43.9 4.28
4 9.8 6.63
a a7.8
0 a6 '
8.29 43.%  10.3
0 as.8  3.82
0 ai.6 13

RESULTS

P OWER

KV3

24.2
38.2
3v. 9

0.2

33.3
33.4
32.7

39 . 4

6.8
a0.8
2.7
44.4
3491
"39.2

94 . ¢

MA2

(S RC-VWVATER

ESBP

POWER

(WATT)

618

1012

979

SP PWR
(WATT/

KACEM)

‘16
[
186

177

149
142

93
153
154
100
153
137

4

50

39

FIRED

8.49

1 RED

1-DENS [-DENS

(MA/

8Q FT)

.0034
.0084
.0047?
.0223
.0203

.020?

.0184
01792
.0114
.0168
.013¢
.0109
.0143
.0132
.0113
.0233
.01

0103

(NA/

SCA

(80 FT

80 CM)/KACFM)

24.
22.

1.

19.
20.

12.

16.
12.

3.

11

.04

.08

22

0?7

30

.00

8t
67

27

.08

.79

.73

.76

36

38

3o

.84

.09

131

143

230

118

121

213

146

144

(CM/

B8EC)

12.

12.

13,

11

10.

11,

10.

.83

.31

.11

.12

.33

74

.00

.00

48

LY}

.18

.99

78

.29

13

93

.64

A 3

.49

.63

(CM/

8EC)

17.
63.
5s.

72.

, 67

81

33.

30.

32.

3e.

33.

30.

0.

as.

0.

20.

.72

.11

2

61

4é

[ 34

9"

38
33
78
78
61
29
1t
94

43
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APPENDIX VI

V-1 DATA AND CURVES

GAS DISTRIBUTION DATA




1-IA

PETC-3RC 1 v -1 DATA (G A SLOAD

FIELD ot FIELD o2 : FIELD ®)3
DATE: .8/20/82 . KVM1  XVA1 MAt KVM2  KVA2 MA2 KVM3  KVA3 MA3 NOTES :
TIME. . e B T mmem emee ceee e mmmcmdcmeaea-
TUEL. AIR o 0 - 0 0 ] 0 'KVM 18 METER READING
ACFH .. ? a0 ‘297 2 18 2s.8 2 © 24 28.3° 2 KVA 13 CORRECTED VALVUE
SPACINGa= 10" 32 31.7 % lq 31.3 S s 30.%. S FIELD ®1 a 0.9¢
T-R s 37.6 .0 39 35.9 10 3? -40.3 10 FIELD #2 = 0.92
POL . . NEG. . a2 4.6 13 q2 18.6 13 q0 43.6 13 FIELD #3 = 1.0¢
RATING=40KV 4? as.3 20 a4 0.3 120 a2 45.8 20
REACT .= S0W a8 47.5 23 as .2 23 ‘ a4 ) 23
30 9.3 30 50 as 30 48 s0.1 30
52 $1.3 33 52 47.8. 33 - a8 $2.3 33
s6- 355.4 40 s4q 4%.7 40 50 $4.3 40

38 33.4 3 : 32 56.7 43

38 33.¢ S0 36 61 30



¢-IA

DATE.

TIME. .

FUEL. .

ACFM.

TEMP .

PETC

.8-30-81

17:33

®s O1IL

.3290

.190

SPACINGw» 10"

T-R
POL . . NEG'".
RATING« 40KV

REACT .» 3S0%

S FEC 1

FIELD @1
KVME  KVAL
22 21.8
37.3 3.1
42.3 4t.1
s 94 .6
47 4.3
49 43.3
56.5 30D

MA)

D AT

FIELD #2
XJ/M2 KVA2
22 10.2
P 14.7
34.3% 31.7
32 34
39 3’39
40 36.8
L) 39 .6
4.3 0.9
ue .S 2.8
a7 .3 3.7
a9 43 .1
30 446 .
22 7.8

52.93

48 .3

(G A SLOANAD

10
13
10
3
3&
33
a0
93

3Q

KVM)
12
23
28
30.3
3zls
34
36
38.%
40.53
a2
aa.'s

946

FIELD o2

VA2 ML)
14 0
17.3 2
30.3 &
33.2 )
33. 4 a
37 .1 10
3¢9 .2 L3
i1 0
4.1 13
5.8 10
8.3 33
30.1 490

KVM 1S METER READING

KVA 13 CORRECTED VALVE

CORRECTION FACTORS:
FIELD 01 « 0.99"
FI1ELD 02 « 0.72

FIELD @) = 1 .09

OTHER FIELDS WERE SET AT 10 MA.



£-IA

7
;
J
S
’ !
N
PETC-SRC V-1 DATARA (G A.8 L OAD ; A .
FIELD #1 A FIELD #2 FIELD #)3
nATtb.txflv-az KVM1I KVAL . MA1 . KVM2  KVA2  MA2 KVM3 ' KVA3  MA3 NOTES": - )
TIHE..OBJOA P, . I e mmcmm———a
FUEL. .PULV BRC ] o ' 0 o 0 0 © KVM 18 METER READING
ACFM.. 3430 32.3 32.1 2 V 34 31.3 2 26.3 28.9 2 KVA 18 CORRECTED VALUVE. ©
TEMP. . 299 s 37.4 4 o 3s.v 4 a2 3¢9 .4 ‘
a0 3.6 6 a1.5 238.2 4 33.3 318.7 & CORRECTION EACTORS:
SPACING= 10" . 40.6 8 a3 39.6 s 37 40.3 8 FIELD #1 = 0.99
T-R ‘ 443 0.9 10 3.3 42 10 . FIELD 02 « 091
'POL..&:G: 3 o ‘ ;a az2.3. 13 0.5 44ar1 13 FIELD €3 = 1.09
RATING=40KV . ae .1 20 a2 a3.8 20
REACT.« S0 ' R T aq a8 23

43 .9 q9° . & 20 -



7=IA

PETC -2 RC 1 V-1 DATA\ (G.A S L O AND)

FICLo o FIELD o2 FIELD 03

DATE. .12-10-812 KVML  KVA1  MA1 KVHZ KVAZ  MA2  KVMI KVA3  mA3 NOTES: -
TIME. . -~ cmme meme ene- Cmmme mee e mmmm mmme e e
TUEL. .RESID OIL- 0 0 o 0 0 0 KVM 1S METER READING
ACFM. s000 31 307 2 s 29 2 23 131 2 KVA 1S CORRECTED VALUE
TEMP. 293 4.5 342 4 36 3.1 2 27 9.4 4

37 68 & 173 34.5 & 29.3 32.2 CORRECTION FACTORS:

S8PACING= 10" 39 8.6 8 39.3 36.3 8 3t 338 8- FIELD 81 = 0.99
T-R , 40 3.6 10 al 317.7 10 32.5 35.4 10 FIELD 02 = 0.92

POL. .NEG. 3.3 31 13 as w.3s 13 358 38.7 1% FIELD 3 = 1.09

RATING =6 0KV as 1.4 20 37.3 40.9 20 )
REACT .= 30% a7.5 3.7 23 ETEETEET

1.3 3.2 . Y0

43.95  ¢7.4 3%

94 q8 40

43 .3 499 . ¢ 3



‘S-IA

DATE.

TIME...

FUEL.

ACFM.

TEMP .

PETEC -

.l-ll—05

10:33

_BRC-WATER
.8700

.300

SPACING= 10"

T-R
POL. . NEG.
-RATING= 60KV

REACT .= 50%

S RC 1 v -

"FLELD #1
KVML "XVAL - HMA}

0 0

Y "37.6 1

A 4
43.5 43 4
48 47.95 -4

1

0D ATA

FIELD #2

KVM2 KVA2

0
33 32.12
e 3.9
2 38 .46
44 © 4093
47 . 93 .2
- 49 43 .1

30.3 4q4.3

(G A S LOAD)

MA2

10

‘42

KVMI .

23.3

26

28

30

0.3

34

34

38

q0

FI1ELD 02
XVA2J MA3
0 0
3.6 -2
-28.3 4
30.3 ¢
3z2.7 ;
'33.12 10
37 .14 13
3v. 2 10
41 .4 23
3. ¢ 30
43.68 33

"KVM 18 METER READING

‘KVA 1S CORRECTED VALVUE

CORRECTION. FACTORS:

FIELD o} = 0.99

FIELD 02 = 0.92

FIELD #3 « 1.09



-IA

L= —AZMAAC)

U=1 AIRLOAD

U UaLTAGE KU



L-IA

TE —AZMOACO -

V=1 GABLOAD #& OIL

.-\
F

U UOLTAGE KU



8~IA

=

TX —AZmMAA

U-1I GASLOAD PULYU SRC

J FEIELDS #1,%2,4#3

1'11-19~82 0830

o L IaLTAGE KU




6-IA

TE AZFMOICO -

"
&

20

1 @

y=-I GASLOAD SRC RESID OIL

12-18-82

FIELDS #1.,#2, #3 B

U UOLTAGE KU




0T-IA

D3I —AZMAATC) -

40

30-

20

106

U=I GASLOAD

ERC-HRTER

FIELDS #1.,#2.,#3

121133

1833

#32

-

L

UOLTAGE KU




T1-IA .

TEST

PORT

F(TOP)

E

C

ACBOTTOM)

COLUMN AVE

TEST

PORT

F(TOP)

c

ACBOTTOM)

COLUMN AVE

/
E S P GC A S D ; S TRI!IBUTI1ON 10" S PACI1NG

.2r4183 AUN o 7&: FLOW. * ACFM. TEMP. 25 F
- - - ---£8P INLET-- -« -
. ,/
<noon)----3/-o ATA PO INT staaesns (WALL) SROVN
i ., /. a A .
/
vy 4 5 i 2 8 y 10 SAVED
/‘/ -
cemy mmd e e el e el il il e —
. .
307.7323. 370 290 230 227. 283. 373. 320 303. 303,
323. 407.. 450 480 473. d03. 373. 413. 433. 343, a3a.
263. 367. 400 440 480 437. 400 387. 413. 490 a08.
303. 283. 117. 127. 120 113. 127. 173. 183. 147. 169.
180 76.7 76.7 103. 110 76.7 73.3 74.7 80 110 96.3
46.7 40 123. 143. 187. 130 86.7 137. 110 107. 117,
. *
237. 2153. 256. 264. 267. 234. 224. 243. 260. 287. 254. TOTAL AVE

37.0 % RMS

(DOOR)neanrnanaD A T A P O 1 NT tacnannn (WALL)

1 2 3 qQ 3 é 7 8 9 10
£?70 270 297. 287. 280 2080 287. 270 237. 1913, 167,
277. 260 317..297. 313. °300 J07. 180 233 100 278.
1860 290 .330 307. 323. 297. 303. 283. 213. 197, 202,
2%3. 290 303. 297. 277. 293. 300 283. -243. 193. 273.
223. 230 267. 267. 277. 2640 2713 230 237. 210 2499
1772, 160 193. 173, 187. 173. li?. 173. 193. 197, 1812.
247. 233.°284. 271, 276. 267. 274. 2357. 226. 198. 253. TOTAL AVE

17.9 % RMS
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