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ABSTRACT

This test report describes the methods and results of an
environmental assessment test program conducted at Houston Lighting and
Power's T. H. Wharton Generating Station, Unit 52. The purpose of the
test program was to measure changes in emissions as a result of applying
NOX controls. Emissions of trace elements, organic materials, sulfur
species, and the criteria pollutants, 502, NOX, €O, and particulate
matter, were measured. Comparisons of these emissions under normal
operating conditions and controlled (for NOX) operating conditions were
then made. Source operating data were also analyzed so that changes in
operating parameters and efficiency could be assessed.

Unit 52 is a General Electric MS 7001C simple-cycle, single-shaft,
heavy duty gas turbine rated at 70.8 MW nominal electrical output. This
gas turbine may use either natural gas or distillate oil fuels. The test
program was conducted using oil fuel.

Water injection was used for NOX control. A water-to-fuel ratio
of 0.42 resulted in a 58 percent reduction in NOX from baseline levels.
Changes in other emissions were within the limits of the analyses.

Operating efficiency decreased with water injection. The unit heat
rate showed approximately 2 percent change in going from baseline to
controlled (for NOX) operation.

The test program concludes that using water injection for NOX
control in this unit reduced NOx and showed little effect on other
emissions. Water injection implementation did reduce operating efficiency.
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SECTION 1
INTRODUCTION

This report is part of a series of test reports resulting from the
exper imental testing task of the "Environmental Assessment of Stationary
Source NOx Control Technologies" Program (NOX EA), being performed
under Environmental Protection Agency (EPA) contract 68-02-2160. The
NOx EA is a 3-year program to: (1) identify the multimedia
environmental impact of stationary combustion sources and combustion
modification NOx controls; and (2) identify the most cost-effective
environmentally-sound NOx controls for attaining and maintaining current
and projected NO2 air quality standards to the year 2000.

During the first year of the NOx EA a preliminary environmental
assessment (Reference 1) concluded that emissions and operating data
needed to perform adequate process engineering and environmental
assessment activities were severely lacking in several key areas. Most
noteworthy was the virtual absence of data on noncriteria flue gas
emissions and liquid and solid effluents. In response to these identified
data needs, seven field test programs were initiated. Source selection
was based on a source/control priority listing developed in the
preliminary environmental assessment. These test programs were designed
to provide information on changes in emissions and operation due to NOx
controls. The NOX EA Field Test Program is outlined in Table 1-1.

The test program documented in this report was conducted on Unit 52
of the T. H. Wharton Generating Station of the Houston Lighting and Power
Company in Houston, Texas from April 21-24, 1978. Unit 52 was selected
because its design is typical of large scale simple cycle utility gas
turbines equipped with water injection and because of the possibility of
collaborating with the engine manufacturer in detailed process evaluation
tests. Unit 52 is a General Electric Model MS 7001C simple-cycle,
single-shaft, heavy duty gas turbine rated at 70.8 MW nominal electrical
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TABLE 1-1, NOx EA FIELD TEST PROGRAM

Source Category

Description

Test Points
(Unit Operation)

Sampling Protocol

Test
Collaborator

Status

Coal-fired
Utility Boiler

Kingston #6; 180 MW
tangential; twin
furnace, 12 burners/
furnace, 3 elevations;
cyclone, 2 ESP's for
particulate contro}

Baseline
Biased Firing (2)
B0OS (2)

Continuous NOy, S02, CO,
€02, 0

Inlet to 1st ESP:
-- SASS

-- Method §

-- Method 8

-- Gas grab (CE-CS HC})
Outlet of 1st ESP:

-- SASS

-- Method 5

-- Method 8

-- Gas grab (Cy-Cg HC)
Bottom ash

Hopper ash (1lst ESP,

Operating data

TVA

Complete,
August 1977

Coal-fired
Utility Boiler

Crist #7, 500 Md
opposed wall fired; 24
burners, 3 elevations;
ESP for particulate
control

Baseline
BOOS (2)

Continuous NOyx, CO
€0z, 02

ESP inlet

-- SASS

-- Method §

~- Method 8

-- Gas grab (C1-Cg HC)
ESP outlet

-- SASS

-- Method §

-- Method 8

-- Gas grab (Cy-Cg HC)

Bottom ash

ESP hopper ash

Fuel

Operating data
Bioassay

Exxon

Complete,
June 1978

0il1-fired
Utility Boiler

Moss Landing #6, 740 MW
opposed wall fired; 48
burners, 6 elevations

Baseline

FGR
FGR + OFA

Continuous NOy, CO,
€02, 07

Flue gas

-- SASS

-- Method 5

-- Method 8

-- Gas grab (Cy-Cg HC)
Fuel

Operating data
Bioassay

New test
start

Complete,
September 1978
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TABLE 1-1.

Continued

Source Category

Description

Test Points
{Unit Operatfion)

Sampling Protocol

Test
Collabor1tor

Status

Coal-fired
Industrial
Boiler

Traveling grate spreader
stoker, 38 kg/s
{300,000 tb/hr);

ESP for particulate
control; wet scrubber
for S0y control

Baseline
LEA + high OFA

Continuous NOy, CO,
€0z, 0y

Boiler exit:

-- SASS

-- Method §

-- Shell-Emeryville
-- Gas grab (C1-Cg HC)
ESP outlet:

-- SASS

-- Method 5

-- Shell-Emeryville

-- Gas grab (Cy-Cg HC)

Bottom ash

Cyclone hopper ash

Fuel

Operating data

KvB

Comptete,
October 1977

Coal-fired
Industrial
Bofler

Traveling grate
spreader stoker,

25 kg/s (200,000 1b/hr)
ESP for particulate

Baseline
LEA + High OFA

Continuous NOy, CO,
€0z, 07

Boiqer exit:

-- SASS

-- Method 5

-~ Shell-Emeryville
-- Gas grab (Cj-Cg HC)
ESP OQutlet:

-- SASS

-- Method 5

-- Shell-Emeryville

-- Gas grab (Cy-Cg HC)
Bottom ash

ESP hopper ash

Fuel

Operating data
Bioassay

KvB

Complete,
February 1978

0i1-fired
Gas Turbine

T.H. Wharton Station,
60 M GE MS 7001 C
machine

Baseline

water injection
to meet proposed
NSPS

Continuous NO,, CO,
2!

Exhaust gas:

-- SASS

-~ Method 5

-~ Method 8

Fuel

Water

Operating data

General
Electric

Complete,
April 1978

EE-073
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TABLE 1-1.

Concluded

Test Points Test

Source Category Description {Unit Operation) Sampling Protocol Collaborator Status
011-fired Blue Ray low NO Continuous Continuous NO,, CO, New test Complete,
Residential furnace, Medforé, Cycting C0p, 0y start with November 1977
Heating Unit New York Flue gas: EPA/IERL-RTP

-- SASS

~~ Method §

-- Method 8

Fuel

EE-073



output. Through the cooperation of the Houston Lighting and Power Company
and the General Electric Company, this unit was made available for testing
in the NOx EA Field Test Program.

The test program at the T. H. Wharton Station consisted of a
baseline (normal operation) test and a test with water injection being
used for NOx control. The test program results will be used in both
process analysis and source assessment modeling, conducted as part of the
Environmental Assessment and Process Engineering Task of the NOX EA.



SECTION 2
PLANT DESCRIPTION

The field tests were conducted on Unit 52 of the T. H. Wharton
Generating Station of the Houston Lighting and Power Company in Houston,
Texas. Unit 52 is a General Electric Model MS 7001C (Figure 2-1)
simple-cycle, single-shaft, heavy-duty stationary gas turbine rated at
70.8 MW nominal electrical output and is one of six such units at the
Wharton Station. The Station also has eight GE 7001B combined cycle
units, one Westinghouse 15 MW unit and two conventional steam boilers
producing a total rated electrical output of 280 MW.

Unit 52 is fired with No. 2 distillate fuel oil with 0.11 percent
sulfur by weight and approximately 46.054 x 103 kd/kg (19,800 Btu/1b)
heat content. Table 2-1 lists the rated operating parameters of the
unit. There is no flue gas cleaning equipment on a turbine of this type
due to the clean fuel used and the unit's inherent efficient combustion.
Unit 52 is, however, equipped with a water injection system used to
control the formation of NOx within the combustion chambers. NOx
formation is repressed when atomized water is injected directly into the
primary zone of the combustor resulting in reduced flame temperatures.
The degree of NOX control is adjusted by altering the quantity of water
injected -- the more water injected the greater the degree of control.
The first test on Unit 52, a baseline test, was run with no water
injected. The second test was run while 2.52 1/sec (40 gpm) water was
being injected. This corresponds to a water to fuel mass ratio of
approximately 0.42, a ratio sufficiently high to bring NOx emissions to
within 75 ppm at 15 percent 02 which is the level of the proposed New
Source Performance Standards.
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Figure 2-1.

Model series 7001 simple-cycle, single-shaft heavy-duty
gas turbine.

TC-7509A



TABLE 2-1. UNIT 52 RATED OPERATING PARAMETERS

Output power 70.8 MW

Overall pressure ratio 10.5

Heat rate 11.44 MJ/kWh (10,847 Btu/Kwh)
Air flow 268 kg/sec (592 1b/sec)

Fuel flow 5.2 kg/sec (11.5 1b/sec)

2-3




SECTION 3
SAMPLING AND ANALYSIS METHODOLOGIES

The sampling and analysis procedures used in the test program
closely follow the procedures recommended in the IERL-RTP Level 1
Environmental Assessment Procedures Manual (Reference 2). The following
subsections will contain notations of where the procedures differ
significantly from the standard methods. Level 1 testing, according to
EPA's phased environmental assessment approach, is for screening
purposes. Through chemical and biological tests potential problem areas
and needs for further analysis are identified. Furthermore, Level 1
testing provides the basis for setting priorities for discharge streams,
components, and classes of materials for further consideration in an
overall environmental assessment. Thus, the results of the sampling and
analysis procedures used in Level 1 are semiquantitative, yielding an
accuracy factor of + 2 to 3.

A1l analyses for trace elements, organic species, particulates and
sulfur species in the Method 5/8 and SASS trains and water samples were
performed in the Acurex analytical laboratory. Commercial Testing and
Engineering Company analyzed the fuels and the bioassay analyses were
performed by Litton Bionetics, Incorporated.

3.1 SAMPLING PROTOCOL

In order to effectively evaluate how emissions of compounds and
pollutant species are affected by the use of water injection, all influent
and effluent streams must be characterized during the baseline and water
injection tests. The following streams on Unit 52 were sampled:

e Water feed (water injection system)

e Fuel feed

e Exhaust gas

3-1



Ambient air was not sampled. Descriptions of the specific sampling
methods are given in the following paragraphs. Figure 3-1 shows the duct
configuration and the location of the sampliing ports.

3.1.1 Feed Streams

Water Feed

Samples of the demineralized feed water from the water injection
purification system were periodically sampled throughout the five hour
duration of the NO, control test. Samples were tapped off the inlet
lines preceeding the combustor section and then composited into one
integrated sample for each run,

Fuel Feed

Fuel 0il samples were obtained for both tests. Samples were tapped
off the fuel inlet lines, collected throughout the test period and finally
composited into one integrated sample for each test. Sampling of the fuel
feed commenced one hour into the test run, then approximately once for
each 90 minute period throughout the test.

3.1.2 Flue Gas

The flue gas was monitored on a continuous basis during both test
runs for 02, COZ, NO, total NOX, total unburned hydrocarbons and
C0. The continuous monitoring was provided by General Electric (GE)
personnel and equipment. Table 3-1 lists the instrumentation used by
General Electric. A1l sample lines were of Teflon construction and heated
to 450 K (350°F) to assure the integrity of all sampled species. The
sample flow was filtered to remove particulate matter and then split into
two streams. One stream supplied the nitrogen oxides instrument and the
total hydrocarbon monitor, while the other supplied the nondispersive
infrared (NDIR) instruments and the paramagnetic oxygen analyzer. The
latter stream was further conditioned in a saturator and refrigerated
dryer before connecting to the C0,, CO and 0, analyzers. All monitors
were frequently zeroed and calibrated with certified gases.

A1l continuous gaseous sampling was done through a single point
probe located in the center of the exhaust duct approximately Im (40 inches)
upstream of the main row of sampling ports used for the SASS and Method
5/8 sampling.
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TABLE 3-1. INSTRUMENTATION USED BY GENERAL ELECTRIC

Instrument Technique Measuring Range

Unburned hydrocarbons: Flame ionization 5 ppm - full scale to
Beckman Model 402 detector 25% - full scale

NO and NOp: Chemiluminescence 0 - 10 ppm 0 - 1,000 ppm
Beckman 955 0 -25 ppm 0 - 2,500 ppm
0 - 100 ppm 0 - 10,000 ppm
0 - 250 ppm
02: Paramagnetic 0 - 15%
Beckman Model F3 13% - 18%
16% - 21%
0 - 25%
CO: Nondispersive 0 - 50 ppm
Beckman 315B infrared 0 - 200 ppm
0 - 500 ppm
COz: Nondispersive 0 - 5%
Beckman 364 infrared 0 - 10%
0 - 15%




Particulate and Sulfur Species

Particulate and sulfur species in the flue gas were collected
simultaneously with one sampling train -- a combined EPA Method 5 and
Method 8 train. Such a system collects particulate samples on a filter
heated to 394 K (250°F) in a conventional Method 5 arrangement. But
rather than the conventional Method 5 water filled impinger train, the
modified train employs a Method 8 impinger train containing isopropanol to

remove 503 and hydrogen peroxide to remove S0,. Particulate sulfate
(SO4 ) is also collected with this system. One run was completed for
each test.
C,-Cg Hydrocarbons

Flue gas grab samples were collected in evacuated glass grab
flasks. These samples were chromatographed onsite to determine C] to
C6 hydrocarbon compounds. A Carle Model 8500 portable gas chromatograph
with a flame ionization detector was used for this analysis.
Source Assessment Sampling System

A Source Assessment Sampling System (SASS) train was used to sample
the gas turbine exhaust gas. The SASS train was conventional in every way
except that cyclones were not used to classify the particulate by size. A
single fiberglass mat filter was used to collect the small amounts of
particulate produced. A special 0il cooled probe was used to maintain the
sample tube temperature at 394 K (250°F). This SASS train arrangement
generates the following samples:

Particulate: filter 99.99 percent efficient for particulate
greater than 0.2 m.
Vapor phase: 1) XAD-2 porous polymer resin sorbent cartridge
2) Aqueous condensate
3) Hydrogen peroxide impinger
4) Ammonium persulfate-silver nitrate impingers
These samples were analyzed for trace elements and organic species to give
both vapor and condensed phase composition.
A schematic of the SASS train is shown in Figure 3-2. The analysis
protocol is given in Figure 3-3.
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3.2 ANALYSIS PROTOCOL

Table 3-2 lists the analyses performed on the samples collected
during both tests. Descriptions of these analyses are given in the
following paragraphs.

In addition, machine operating data were collected by General
Electric personnel. Sufficient data were taken during both tests so that
airflow rates and the operating condition of the machine could be
established. A detailed field test report submitted by General Electric
is contained in Appendix G. In summary, GE treats operating data,
information on gaseous emissions, fuel composition, machine geometry and
internal flow splits, using a data analysis program which calculates
machine operational characteristics. Table 3-3 illustrates the kind of
information that can be obtained. This program proved an excellent means

of crosschecking actual flue gas measurements as well as checking
calculation methods against each other,
3.2.1 Inorganic Analysis

Trace element analyses for 23 selected trace elements were
performed on the fuel, injected water, flyash, SASS XAD-2 and SASS
impinger solutions. The procedure used to determine each trace element is

outlined in Appendix H. Proximate and ultimate analyses were done on the
fuel samples.

3.2.2 Organic Analysis

Organic analyses were performed in accordance with EPA Level 1
protocol (Reference 2). These analyses included Cl-C6 hydrocarbons in
the flue gas, organic material condensed on the ash samples, and organic
material caught in the XAD-2 sorbent trap and condensate trap.

3.2.3 Bioassay

Bioassays were performed on the SASS train XAD-2 extract sample
from the water injection test. Microbial mutagenesis and cytotoxicity
assays were performed by Litton Bionetics, Incorporated.



TABLE 3-2. SAMPLE ANALYSIS

Baseline Low NOy
Test/Analysis no water injection with water injection

Fuel

Proximate and ultimate X X

Trace elements X X
Water

Trace elements X

Organic material X
SASS train - outlet

Trace elements X X

Organic material X X
Method 5/8 -- outlet

Particulate X X

Sulfur species X X
Flue gas

02, CO2, NOy, NO, CO X X

and total unburned hydrocarbons X X
C1-Cg hydrocarbons X X
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TABLE 3-3.

GENERAL ELECTRIC CALCULATED OPERATING DATAZ

Calculation
Method

Measured

Calculated

Factory test flow

Choked flow

Oxygen
concentration

CO2
concentration

Fuel flow and composition,
airflow during factory
test, inlet guide vane
position, ambient
conditions

Compressor discharge
pressure and temperature,
first stage nozzle area,
fuel flow and composition.

02, fuel flow and
composition

€02, fuel flow and
composition

Machine airflow, 02,
CO2, water in

exhaust, turbine inlet
temperature.

Machine airflow, 02,
€02, H20, turbine
inlet temperature.

Machine airflow, CO2,
H20, turbine inlet
temperature.

Machine airflow, O2,
H20, turbine inlet
temperature.

aSee Appendix G
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SECTION 4
TEST PROGRAM RESULTS

Data from the test program provided information on unit operation,
effluent gaseous composition, particulate emissions, trace element
emissions, sulfur species emissions and organic material emissions.

4.1 UNIT OPERATION

Unit 52 operated under steady-state conditions at rated continuous
load and with operating parameters nominally the same for both the
baseline (no water injection) and the N0x control (with water injection)
test. The load for each test was approximately 62 MW electrical generator
output. Table 4-1 lists the process operating conditions and parameters
during each test. The only significant difference between Test 1 and
Test 2 is that Test 2 had water injection while Test 1 did not. Since it
is fairly easy to duplicate engine operating conditions in a gas turbine,
one can be reasonably confident in comparing emissions from tests where
only the one variable, water injection rate, was changed.

The operating variable readings were recorded on an hourly basis
throughout the tests. The results shown in Table 4-1 are an average of
those values. The actual data sheets can be found in Appendix G.

One of the most significant penalties resulting from the use of
water injection for NOx control is the reduction in unit thermal
efficiency or increased heat rate manifested as increased fuel consumption.
As indicated in Table 4-1, the unit heat rate increased 2.4 percent with
water injection at a water/fuel ratio equal to 0.42. This is because a
portion of the fuel is required to vaporize the injected water. These
effects on heat rate and fuel consumption are quite typical (Reference 3).
Most users have reported heat rate penalties ranging from 2 to 5 percent,
depending on the water to fuel ratio.
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TABLE 4-1.

Ambient barometric pressure - mm Hg (in. Hg)
Ambient temperature -- dry bulb -- Kk (°F)
Relative humidity

Compressor discharge pressure Pgp --
kpa (psia)

Compressor discharge temperature Tgp --
K (OF)

Speed (rpm)

Inlet guide vane angle (IGV degrees)
Load (MW)

Turbine exhaust temperature -- K (OF)

Water injection rate -- liters/sec and (gpm)
Water/fuel ratio
Fuel temperature -- K (OF)

Fuel flow -- liters/sec and (gpm)
Atomizing air pressure -- kpa (psia)
Atomizing air temperature -- K (OF)
Combustion efficiency (%)

Exhaust flow -- m3/s (106 SCFH)
Compressor inlet flow -- kg/s (1bm/sec)

Fuel/air ratio

Heat rate -- MJ/kWh (Btu/Kwh - based on LHV)
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UNIT 52 -- OPERATING CONDITIONS

Baseline
755 (29.74)
295 (71.2)
83.6

915 (132.7)

593 (607)
3600

77

61.9

809 (997)

0

0

295.4 (71.7)
5.93 (94.0)
1372 (199)
473 (392)
99.9

205.4 (26.14)
253 (556.7)
0.0190

12.55 (11,892)

Injection
756 (29.79)

301 (82.0)
58.7

901 (130.7)

602 (624)
3600

77

61.5

813 (1000)
2.52 (40)
0.42

298 (76.4)
6.03 (95.6)
1372 (199)
471 (387)
99.9

200.9 (25.52)
255.7 (562.7)
0.0196

12.84 (12,173)



As noted in Section 3.2, GE personnel recorded operating data and
monitored unit operation throughout the test program. In addition GE also
evaluated recorded data using an in-house data analysis code. This
program can be used to calculate inlet airflow and exhaust gas flow (in
addition to other parameters -- see Table 3-3) using gaseous emissions
data and other operating information. Four different calculational modes
are possible, as outlined in Table 3-3. Calculated exhaust gas flowrates
for each test, using the program, are listed in Table 4-2 for each of the
calculation methods. Agreement among the methods is excellent (within one
percent). Also shown in Table 4-2 are measured exhaust gas flowrates
obtained by performing an EPA Method 5 velocity traverse across the
exhaust duct. As indicated, measured rates are approximately 55 percent
greater than calculated rates. This was not unexpected, though. The
exhaust duct configuration was such that gas flow obstructions (i.e.,
bends) were very close to the sampling location, thus accurate velocity
measurements were very difficult to obtain. In an attempt to equalize the
effects of a poor sampling location, 42 sampling points were sampled.
Nevertheless, measured gas flowrates were still unreasonably high due to
the highly variable velocity readings.

Thus all exhaust flowrate values reported herein, including those
noted in Table 4-1, are calculated values, averaged over the four possible
calculational methods.

4.2 FUEL ANALYSIS

Duplicate proximate and ultimate fuel analyses were performed by
General Electric and Commercial Testing and Engineering (CT&E). General
Electric's results are reported in Appendix G. CT&E's analysis is
reported in Appendix A. Results from both analyses were very similar and
typical of distillate fuel oil. In addition, a trace element analysis of
the fuel oil was performed as part of the mass balance and reported in
Concentration and mass flowrate units in Appendices B-E.

4.3 EXHAUST GAS EMISSIONS

Exhaust emissions were tested for gaseous species, particulate
emissions, sulfur species, trace elements and organic material emissions.
Gaseous species were measured by General Electric personnel on a
continuous basis throughout both tests. A combined EPA Method 5/8 train
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TABLE 4-2.

CALCULATED AND MEASURED EXHAUST GAS FLOWRATES -- m3/s (106 SCFH)

GE -- Calculated Valuesd

Factory Test Choked Oxygen CO2
Test No. Flow Flow Concentration Concentration | Average Measured
203.8 205.3 207.2 205.8 205.4 316.4
1 (25.9244) (26.1206)] (26.3644) (26.1828) (26.1481) (40.2632)
199.3 201.0 202.5 220.5 200.9 311.4
2 (25.3136) (25.5280)](25.7149) (27.9991) (25.5188b) (39.6247)
aSee Appendix G for explanation of calculations EE-074

by moisture in flue gas.

bExhaust gas flowrate calcualted by the CO2 concentration scheme
not included in average.

€02 values believed to be affected




was used to simultaneously sample particulates and sulfur species. A
Source Assessment Sampling System (SASS) was used to collect samples for
analysis of trace elements and organic material. This section presents
the results of these analyses.

4.3.1 Gaseous Emissions

Total NOX, NO, 02, C02, CO and total unburned hydrocarbons
(UHC) were measured at a single point in the exhaust duct. Supporting
tests conducted by General Electric, reported in Appendix G, have
concluded that emissions of NOx and 02 can be reliably and accurately
measured from a single sampling point. However, species that are present
only in very low concentrations, UHC for example (ppmv <2), require a
traverse of the duct when sampling.

Table 4-3 presents gaseous emissions data in a form summarized from
the General Electric report in Appendix G. With regard to the proposed
New Source Performance Standards (NSPS) for stationary gas turbines, there
are two things of importance to note from this information. First, with
water injection operating at a water/fuel weight ratio of 0.42, NOx
emissions were reduced by 58 percent from the baseline levels -- from
177.5 to 74.2 ppm at 15 percent 02 dry. This controlled level is within
the NSPS proposed level of 75 ppm. The second item to note is that 502
emissions are substantially below the proposed NSPS level of 150 ppmv at
15 percent 02. The 502 values for Unit 52 were calculated directly
from the fuel sulfur content assuming 100 percent conversion. The
calculated value for SO2 concentration, which assumes all fuel sulfur is
converted to 502, is reasonably close to the measured total SOx emission
concentration (within 30 percent) as determined by the Method 8 analysis.

The results of the sulfur species analysis are shown in Table 4-4.
The data show that the actual emission levels of sulfur species, as well as
the 502/503 ratio, are not significantly affected by the use of water
injection for NOx control. Table 4-5 shows the results of a sulfur
balance across the gas turbine. The quantity of sulfur recovered in the
flue gas was approximately 70 percent of the inlet sulfur. Duplicate fuel
0oil sulfur analyses gave a sulfur content of approximately 0.1l percent, so
inlet sulfur calculations should be correct. Consequently, the source of
the inconsistency probably lies in the Method 8 sampling train and
subsequent analysis.




TABLE 4-3. GASEOUS EMISSIONS RESULTS -- ppmv at 15 percent 02 dry
Baseline Water Injection
NOx 175.5 74.2
co 5.6 8.1
COo(%) 4.1 4.3
S0, a 19.5 20.5
UHCD 2.3 3.5
dCalculated from fuel sulfur assuming
100 percent conversion to 302
bppmv wet as CHg
TABLE 4-4. SULFUR SPECIES EMISSIONS
Emissions
Test Species ppmv dry ug/m3 kg/min | ,g/J
Baseline S02 11.7 3.12 x 104 0.385 | 0.029
S03 1.1 3.48 x 103 0.043 | 0.003
S04 1.2 4.61 x 103 0.057 | 0.004
Water Injection S02 12.7 3.37 x 104 0.407 0.030
S03 1.8 6.04 x 103 0.073 | 0.005
S04 @ -- -- -- -

aSample destroyed
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TABLE 4-5. SULFUR BALANCE

Baseline Water Injection

Sulfur Input

Fuel feedrate (kg/s) 4,85 4.96

Fuel sulfur content (% by wt.) 0.11 0.11

Total sulfur input (kg/s) 5.33 x 10-3 5.50 x 10-3
Sulfur OQutput

S0 (kg/s) 6.42 x 10-3 6.78 x 10-3

S03 (ka/s) 0.72 x 10-3 1.22 x 10-3

S04 (kg/s) 0.95 x 10-3

Total sulfur output (kg/s) 3.83 x 10-3 3.83 x 10-3
Sulfur recovery at outlet 72% 70%

An increase in emissions of unburned species due to lowered peak
flame temperatures, is generally associated with the use of water
injection for NOx control. During the NOx control test on Unit 52
average emissions of CO and UHC increased 54 and 52 percent respectively.
While the increases seem significant, the actual emission concentrations
for CO and UHC are still very low (<10 ppm) when water injection is being
used.

Onsite analyses of C1 to C6 exhaust gas hydrocarbons were
conducted for both the baseline and the water injection tests. The test
results show that in the baseline test, C1 to C6 hydrocarbons were
6.5ppm at 15 percent 02 wet, characterized as methane. In the water
injection test, C1 to C6 hydrocarbon emissions were lppm at 15 percent
02 wet, characterized as methane. These results are in general
agreement with the total unburned hydrocarbon emissions measured by the
continuous monitor.
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4.3.2 Particulate Emissions

Particulate emissions for Unit 52 are shown in Table 4-6. As
expected from a gas turbine burning distillate fuel 0il1, particulate
emissions were very low, on the order of 0.0037 to 0.0042 kg/s as measured
by the EPA Method 5 train. However, correlation between particulate
emission rates from the EPA Method 5 train and the SASS train is poor.
SASS measurements are almost a factor of 10 lower. This is not surprising
however, when one considers that a SASS train is run at a single point in
the exhaust duct. In a duct such as that of Unit 52, where flow patterns
are irregular due to the duct configuration, particulate matter can be
highly stratified. Furthermore, since particulate matter generated in a
gas turbine will be very small in size, it will have a greater tendency to
stratify with a strong bias to high velocity regions. Since the SASS
train is required to operate at a point of average velocity, away from the
high velocity regions, particulate capture is expected to be considerably
Tower in the SASS train than in the Method 5 train, which fully traverses
the duct cross section, as this gives representative results.

TABLE 4-6. PARTICULATE EMISSIONS

Particulate Emissions
Test kg/s pg/dJdoule ug/DSCM
Method 5 -- Baseline 4.2 x 103 .019 572
Method 5 -- Water injection 3.7 x 10-3 .016 509
SASS -- Baseline 0.45 x 10-3 .002 63
SASS -- Water injection 0.97 x 10-3 .004 137

While according to the Method 5 measurements, particulate emissions
dropped with water injection, the reduction was not significant. Water
injection then appears to have little effect on particulate emissions.

This is supported by data presented in Reference 3.
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4.3.3 Trace Element Characterization and Emissions

Fuel 0il, injected water and flue gas samples were collected and
analyzed for selected trace elements for the baseline and water injection
tests. Grab samples were taken for the o0il and water. The flue gas was

sampled by using a SASS train. The detailed results of these analyses are
presented in Appendices A through F.

The probe wash and the filter have been combined into one sample,
as have the aqueous condensate and the first impinger. The XAD-2
cartridge was analyzed independently and the second and third impingers
were combined into one sample as outlined in the Level 1 procedures manual
(Reference 2).

Solid And Vapor Phase Trace Element Partitioning

The SASS train allows determining both solid phase and gas phase
composition. Solid phase species are collected in the probe, cyclones,
filter and interconnecting tubing, while the vapor phase species are
collected in the organics module or the impinger portions of the SASS
train. A1l SASS train components up to the filter are maintained at
394-478K (250 - 400%F). From there, the flue gas goes to the organics
module, where it is cooled to approximately 293 K (68°F) and passed
through a cross linked porous polymer resin (XAD-2) cartridge. From this
section, two samples are generated: the condensate and the XAD-2 sorbent
extract. From the organic module, the flue gas goes through an impinger
train. The first impinger contains hydrogen peroxide and the second and
third impingers contain silver nitrate-ammonium persulfate solutions. For
trace element analysis, the organic module aqueous condensate sample is
combined with the hydrogen peroxide impinger sample to form one sample for
analysis. Thus three samples representing vapor phase composition are
analyzed: the XAD-2, the aqueous condensate and hydrogen peroxide
impinger solution, and the combined silver nitrate-ammonium persulfate
impinger solution.

To determine whether a particular trace element was concentrated in
the solid or vapor phase, trace element flowrates (kg/s) were compared.

In order to partition the samples as to whether they were solid or vapor,
the following partitioning criterion was used: trace elements were
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considered to be preferentially concentrated in the vapor phase if their
vapor phase concentrations were at least twice their solid phase
concentrations. The partitioning results are shown in Table 4-7 for
elements where sufficient data to determine partitioning were obtained.
Elemental Mass Balance

A trace element mass balance was performed across the gas turbine
system using emissions flowrate data from Appendix C. Table 4-8 presents
the results of the mass balance. In general and where sufficient data are
available, the element mass balances are within the reliability of the
Level 1 sampling and analysis procedures which are assumed to be
quantitative within a factor of 2 to 3. Zinc and copper are somewhat
outside of these boundaries but not significantly so. Iron, as measured
at the outlet for both tests, far exceeds the amount entering the turbine
as contained in the fuel 0il and injected water. It is possible that the
source of this excess iron is rust and scale coming loose from the
internal gas turbine ductwork and being captured in the SASS train. The
analysis of the fuel for iron was supported by a duplicate analysis
performed by GE (Appendix G).

Effects Due to NOX Control

It appears that the use of water injection to control NOx
emissions has an insignificant effect on trace element emissions. OQutlet
emissions of all trace elements analyzed remained within a factor of three
when comparing the baseline and water injection emission flowrates. Also,
water injection has an insignificant effect on trace element emissions
with respect to solid/vapor phase partitioning. For those elements where
sufficient data were available, the solid/vapor partitioning remained

virtually the same.
4.3.4 Organic Analyses

Organic analyses were performed on selected samples according to
the EPA Level 1 protocol (Reference 2). Any differences from the Level] 1
protocol will be noted in the following discussion. The analytical

laboratory data are reported in Appendix F.

As recommended by Level 1 analysis procedures the samples were
first extracted with methylene chloride in a Soxhlet apparatus. A Total
Chromatographable Organic (TCO) and a gravimetric (GRAV) analysis were
then performed on the sample extracts. This analysis separates each
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TABLE 4-7. TRACE ELEMENT PARTITIONING -- SOLID PHASE/VAPOR PHASE

EQ

Baseline Water Injection
Arsenic X v
Barium X v
Beryllium X v
Cadmium ) v
Chromium v EQ
Copper ) )
Iron ) )
Lead ) EQ
Manganese X )
Mercury ) X
Nickel v S
Thallium X )
Vanadium v )
Zinc X S

-- Material partitioned equally between vapor and solid phase
Material preferentially concentrated in solid phase

V -- Material preferentially concentrated in vapor phase

Insufficient data
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TABLE 4-8. TRACE ELEMENT MASS BALANCE -- OUTLET (g/min)/INLET(g/min)

Baseline Water Injection
Boron <1 1.2
Cadmium .62 --
Chromium .24 >3
Cobalt -- <1
Copper >5 >7
Iron >100 >100
Lead .26 44
Mercury .16 1.4
Nickel >.7 >2
Selenium <.l --
Vanadium >.3 >.6
Zinc 3.5 4.6
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sample extract into two separate samples having definite boiling point
ranges. The TCO fraction contains species with boiling points in a range
from 373 K to 573 K. Those species with boiling points above 573 K are
contained in the gravimetric sample.

An infrared spectrophotometric (IR) analysis was also performed on
the total sample extracts. This aided in the identification of functional
organic groups within the complex sample mixture. The organic material in
the sample extract was not sufficient to warrant separation by liquid
chromatography with further analyses of the fractions eluted. The total
sample extracts were analyzed by gas chromatography-mass spectrometry
(GCMS) for specific polycyclic organic molecules and priority pollutants.

C1 to C6 hydrocarbon compounds were analyzed onsite by gas
chromatography. The same set of organic analyses was performed on the
samples from the baseline and the water injection test. A discussion of
the analytical results follows.

Total Chromatographable Organics (TCO) and Gravimetric Analyses (GRAV) of
Organic Extracts '

Total ChromatographabTe Organics (TCO) and Gravimetric Analyses
(GRAV) were performed on the XAD-2 resin extracts from the baseline and
water injection tests. The extract samples were combined with the organic
portion of the sorbent module condensate. The results from these analyses
are shown in Table 4-9. Three conclusions can be drawn from these
results. First, virtually all of the organics in the flue gas can be
found in compounds with the boiling point ranging from 373 K to 573 K.
Second, there is little effect on the distribution of compounds, with
regard to the boiling point, between the baseline and water injection
test. Third, the use of water injection has a very small effect on the
total amount of organics in the sample extract, decreasing the quantity by
approximately 6 percent.
Infrared Spectra of Total Extracts

The results of the infrared spectral analyses done on the total
XAD-2 sample extracts for the baseline and water injection test are shown
in Tables 4-10 and 4-11 respectively. Comparison of the wave numbers and
assignments (as well as the spectra themselves) indicate that the organics
were almost identical for both tests. Both spectra indicate that the
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TABLE 4-9.

TCO AND GRAV

ANALYSES RESULTS OF THE XAD-2 EXTRACT

Gravimetric

TCO

Total Organics

Total Organics

Test Sample Type Result (mg) Result (mg) in Extract (mg) Concentration (mg/m3)
Baseline XAD-2 0.6 27.5 28.1 1.3a
extract
Water XAD-2 <0.1 26.3 26.3 1.1b
injection extract
aBased on sample volume = 20.9 m3 EE-075
Based on sample volume = 23.2 m3




principal constituents were an ester or a carboxylic acid and an alcohol.

Unsaturated compounds and/or aromatic groups were also present although

the intensity of the bands suggest that they may not be part of the

principal constituents.

Gas Chromatography-Mass Spectrometry (GCMS) Analysis of Total Extracts
Liquid column separation and low resolution mass spectrometry were

not performed on the sample extracts because an insufficient sample volume
remained after concentration. However, the sample extracts were analyzed
by GCMS. Specific compounds were identified and quantified with this
technique.

Tables 4-12 and 4-13 show the GCMS results for the baseline and
water injection tests. Table 4-14 lists the specific compounds which were
analyzed with the GCMS.

4,3.5 Bioassay

Mutagenicity and cytotoxic evaluations were performed on the XAD-2
extract sample from the water injection test. Results from the Ames
salmonella/microsome plate test show the sample nonmutagenic. Results of
the cytotoxicity assay indicate the extract has low toxicity to WI-38
human cells and that the viability index showed an EC50 value would be
obtained at approximately 152 liters gas/ml. Complete results and
supporting data are located in Appendix I.

4.3.6 Conclusions

The use of water injection for NOx control on Unit 52 appears to
have little effect on organic emissions. Neither the total organics, as
reported in the TCO and GRAV analyses, nor the species and classes of
organics charged significantly from the baseline test to the water
injection test.



TABLE 4-10.

INFRARED SPECTRA ANALYSIS RESULTS -- XAD-2 EXTRACT,

BASELINE TEST

Wave Number

(cm=+) Intensity? Assignment Comments
3400-3500 S 0-H Broad peak
2960, 2920, S C-H Aliphatic
2850
1720-1700 S C=0 Carbonyl possibly ester
1600 W C=C Unsaturated, aromatic
1450 M -CH3 bending Methyl groups
1370 M Possibly methyl
1260 S -0- bending Ether/ester
1070-1090 M Unassigned Broad peak
800 W Unassigned Possibly aromatic
Substitution bands
710 W Unassigned Possibly aromatic

Substitution bands

dIntensity: S - strong, M - medium, W - weak
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TABLE 4-11.

INFRARED SPECTRA ANALYSIS RESULTS -- XAD-2 EXTRACT,

WATER INJECTION TEST

Wave N¥mber
)

(cm= Intensity? Assignment Comments
3400-3500 S 0-H Broad peak
2960, 2920, S C-H Aliphatic
2850
1690-1720 S C=0 Carbonyl broad
1600 W C=C Unsaturated, aromatic
1450, 1460 M -CH3 Methy1 band
1380 M Possibly methyl
1260 S -0- Ether/ester
1070-1100 S Unassigned Broad peak
800 M Unassigned Possibly aromatic

Substitution bands

710, 700 M Unassigned Possibly aromatic

Substitution bands

AIntensity: S - strong, M - medium, W - weak
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TABLE 4-12. GCMS RESULTS -- XAD-2 EXTRACT -- BASELINE TEST

Compound Concentration (ng/m3)b
Bis(2-ethylhexyl)phthalated 1.0
Other phthalates 1.0
Phenanthrene/anthracened 0.5
Diphenyl ether 0.5
Phenol 1.0

TABLE

aConfirmed by comparison with stgndard
bBased on sample volume = 20.9 m

4-13. GCMS RESULTS -- XAD-2 EXTRACT -- WATER INJECTION TEST

Compound Concentration (yg/m3)b
Bis(2-ethylhexyl)phthalated 1.0
Other phthalates 1.0
Phenanthrene/anthracene 1.0
Fluoranthene 0.5
Pyrene 0.5
Terphenyl 5.0
Diphenylcyclohexane 10.0

(2 isomers)
Pheno 1.0
Naphthalene 1.0

aBased on sample volume = 23.2 m3
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TABLE 4-14. COMPOUNDS SCREENED FOR IN GCMS ANALYSIS OF XAD-2 EXTRACTS

Representative Representative
Compound m/e Values Compound m/e Values
7,12 dimethyl benz (a) anthracene 256 MethyInaphthalene 42,127
Dibenz (a,h) anthracene* 278 Biphenyl 154
Benzo (c) phenanthrene 228 Phthalic Anhydride 148,104
3-methy1 cholanthrene 268 Nitronaphthalene 173,115
Benzo (a) pyrene* 252 Dibenzothiophene 184,139
Dibenzo (a,H) pyrene 302 Alkanes 57,71
Dibenzo (a,i) pyrene 302 Decalin 67,138
Dibenzo (c,g) carbozole 267 Anthracene* 178
Fluoranthene* 202 Phenanthrene* 178
Pyrene* 202
Anthanthrene 276
Benz (a) anthracene* 228
Benzo (g,h,1) perylene* 276
Benzo (e) pyrene 252
Perylene 252
Naphthalene 128
Acenaphthylene 152
Acenaphthene 154
Fluorene 166
Diphenyl ether 170
Dibenzofuran 168
F luorenone 180,152
Naphthoquinone 158,130
Xanthone 196,168
Xanthene 182,181
Quinoline 129
Phenol 94,65
*Contained in standard mixture. EE-T-057



SECTION 5
SUMMARY

Exhaust emissions sampling and analysis was performed on Houston
Lighting and Power's Unit 52 at the T. H. Wharton Generating Station in
Houston, Texas from April 21-24, 1978. Unit 52 is a General Electric
Model MS 70001C simple-cycle, single-shaft, heavy-duty gas turbine rated
at 70.8 MW nominal electrical output and fired with distillate oil fuel.
The unit is equipped with a water injection system for controlling NOX
emissions. The purpose of the tests was to determine the effectiveness of
water injection in reducing N0x and to assess the effects that water
injection has on emissions other than NOX. In addition, operating
parameters were recorded so that effects on turbine operation due to water
injection could also be observed.

One baseline test (without water injection) and one water injection
test, under nominally similar operating conditions, were performed. A
summary of the results is presented below.

Unit Operation

The use of water injection did not appear to have any significant

jmpact on unit operations other than an increase in heat rate of

approximately 2 percent. This results from some of the fuel heat content
being used to vaporize the water. A water/fuel weight ratio of 0.42 was
used to reduce NOX emissions to a level just below the proposed New
Source Performance Standard (NSPS) of 75 ppm for stationary gas turbines.
A higher or lower water/fuel ratio would respectively raise or lower the
resulting heat rate. No other significant operational effects were
observed as a result of water injection.
Emissions

Exhaust emissions were measured for changes resulting from the use
of water injection for NOx control. Gaseous, particulate, sulfur
species, trace element and organic species emissions were evaluated.
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Total NOX, NO, CO, 02, CO2 and total unburned hydrocarbons
were measured by continuous monitoring. With water injection operating at
a water/fuel weight ratio of 0.42, NOx emissions were reduced 58 percent
from the baseline levels -- from 177.5 to 74.2 ppmv NOx at 15 percent
02 dry. SO2 emissions are wholly determined by the fuel sulfur
content and are not affected by water injection. Changes in emissions of
CO0 and total unburned hydrocarbons were within the limits of the
analyses. Particulate emissions were very low due to the clean fuel and
efficient combustion and did not change significantly with the use of
water injection.

It appears that the use of water injection to control NOx
emissions has an insignificant effect on trace element emissions.
Furthermore, water injection was found to have little effect on trace
element emissions with respect to solid/vapor phase partitioning.

Comparisons of organic species emissions between the baseline and
water injection test indicate that water injection has 1ittle effect on
these emissions. Neither the total organics nor the species and classes
of organics changed significantly.

Bioassay tests on the XAD-2 extract from the water injection test
showed the exhaust gas to be nonmutagenic and of low toxicity as determined
by the Ames Salmonella/microsome plate test and the WI-38 cytotoxicity
test respectively.

5-2



REFERENCES

R-1



REFERENCES

Mason, H. B., et al., "Preliminary Environmental Assessment of
Combustion Modification Techniques: Volume II, Technical Results,"
EPA-600/7-77-119b, October 1977.

Lentzen, D. E., et al., "IERL-RTP Procedures Manual: Level 1
Environmenta] Assessment (Second Edition)," EPA-600/7-78-201, October
978.

Goodwin, D. R. et al., "Standard Support and Environmental Impact
Statement. Volume 1: Proposed Standards of Performance for
Stationary Gas Turbines, EPA-450/2-77-017a, NTIS-PB 272 422/7BE.

R-3



APPENDIX A
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PART III - Section No. 1

Table No. 1 - Proximate Analysis
Concentration in WE. %

Water
Parameter Baseline Injection
Moisture <0.01 <0.01
Volatile Matter = ceee s
Ash 0.01 <0.005
Carbon ~ eme e
Sulfur 0.10 0.12
BTU (per 1b.) 19849 19751
Specific Gravity at 600F 0.833 0.831
Table No. 2 - Ultimate Analysis
Concentration in Wt. %
Water

Parameter Baseline Injection
Moisture Z0.01 <0.01
Ash 0.01 0.005
Carbon 81.98 84.91
Hydrogen 13.16 13.25
Nitrogen 0.11 0.17
Chlorine 0.14 0.13
Suifur 0.10 0.12
Oxygen (by diff.) 4.5 _l.42

TOTAL 100.00 100.00



APPENDIX B
TRACE ELEMENT CONCENTRATIONS -- ppm



Symbols appearing in the tables:
DSCM Dry Standard Cubic Meter
ESP Electrostatic Precipitator
kg Kilogram
MCG Microgram
min Minute

ppm Part per million by weight

< Less than

* Sample not analyzed for the particular element/or ionic
specie

N Sample not analyzed

- Concentration in the sample less than the concentration in
the blank

B-3
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6AS TURBINE
TRACE ELEMENT CONCENTRATION < (PPM) = FUEL

TRACE ELEMENT TEST CONDITION
CATIONS BASELINE., NO WATER WATER INJECTION
ANTIMONY < «800 < +800
ARSENIC < 1.00 < 1,00
BARIUM < .700 < 700
BERYLLIUM < +300-01 < .300-01
BISMUTH < L400 < L400
BORON 69.0 53.0
CADMIUM 900 < .600-01
CHRONMTUM 2,90 < .100+00
COBALT < +200-01 +500-01
COPPER < +400 < +400
IRON < +300-01 < .300-0%
LEAD 13,0 2,20
MANGANESE < +100+00 < .100+00
MERCURY .700 .600
MOL YBOENUM < 1,00 < 1.00
NICKEL < +100-01 < .100-01
SELENIUM 3.00 < 2,00
TELLURIUM < .800 < .800
THALLIUM < 2.00 < 2,00
TIN < 3.00 < 3.00
TLTANTUM < 7.00 < 7.00
URANTUM < 1.00 < 1,00
VANADTUM < 5,00 < 5.00
ZInG 8.70 7.10
ZIRCONTUM < 15,0 < 17.0



6-8

GAS TURBINE
YRACE ELEMENT CONCENTRATION « (PPM) < WATER

TRACE ELEMENT TEST CONDITION
CATIONS BASELINEs NO WATER WATER INJECTION

ANTIMONY N +000 < «700-02
ARSENIC N «000 < «200-01
BARIUN N 2000 < «#00-02
BERYLLIUM N «000 < «200-03
BISMUTH N «000 < +200-02
BORON N «000 < 3,00

CHROMIUM N «000 < «600-03
COoBALY N «000 < «100-03
COPPER N «000 < «300-~02
IRON N «000 < +300-03
LEAD N «000 0190

MANGANESE N +000 < +«100-03
MERCURY N «000 +880-02
MOLYBDENUN N 2000 0160

NICKEL N «000 < «100-03
SELENTUNM N +000 < +200-01
TELLURTIUM N «000 < «600-02
THALLIUM N «000 < »900-02
TIN N +000 < «200-01
TITANIUM N .000 < +600-01
URAMIUM N «000 * +000

VANAODIUM N »000 < «200=-01
ZINC N «000 «780-01
ZIRCONIUM N «000 » «000



9-9

GAS TUHRBINE
TRACE ELEMENT CONCENTRATION = (PPM) - UNIT OUTLEY
DUST SAMPLE

TRACE ELEMENTY TEST CONDITION
CATIONS BASELINE. NO WATER WATER INJECTION
ANTIMONY < 10,0 < 10.¢
ARSENIC 30,0 40,0
BARIUM < 7,00 38.0
BERYLLIUM «600 2.90
BISMUTH < 2,00 < 2.00
BORON < «HO0+0Y < «300+04
CaDMIUM 8.50 7.10
CHROMIUM 260, 210,
COBALY «500 6,60
COPPER 160, T7.0
IRON 21,0 190,
LEAD 150, 880,
MANGANESE < «100400 +400
MERCURY < 900 < «900
HOLYBOENUM < 9,00 < 7.00
NICKEL 3.00 35,0
SELENTUM < 30,0 < 20,0
TELLURIUM < 10.0 < 8,00
THALLIUM < 20.0 30,0
TIN < 300. «280+04
TITANIUM < 60,0 < 50.0
URANIUM » «000 » «000
VANADTUM 57,0 45.0
ZINC « 540405 «630+05

ZIRCONIUM - «000 »* «000



L-8

GAS TURBINE
YRACE ELEMENT CONCENTRAYION = (PPM) = UNIT OUTLEY
XAD=2 CARTRIDGE

TRACE ELEMENT TEST CONDITION
CATIONS BASELINE: NO WATER WATER INJECTYION
ANTIMONY < «700 < «800
ARSENIC < 2,00 < 2.00
BARIUM < «600 < +600
BERYLLIUM < +200-01 < «200-01
BISMUTH < +300 < +H00
BORON < 370. < 360.
capmIum < +400-013 < 2400-012
CHROMIUM < «500~01 < +600-01
CoBALY < «800-02 < «800-02
corPER 2.80 6.60
IRON 11,0 15.0
LEAD 15,0 2,40
MANGANESE < «800~02 < »,800-02
MERCURY 440 4,30
HOLYBOENUM < «900 < +900
NICHEL < «800-02 < «800~02
SELENIUM < 2.00 < 2.00
TELLURTIUM < «600 < +600
THALLIUM < 2.00 < 2.00
TIN < 2,00 < 2.00
TITANIUM < 5,00 < 6.00
URANIUM * «000 » 000
VANADIUM 4.00 10,0
ZINC < «600 4.00
Z1RCONYIUM * «000 - 2000



8-8

GAS TURBINE
TRACE ELEMENT CONCENTRATION = (PPM) = UNIT OUTLEY
FIRST IMPINGER

YRACE ELEMENT TEST CONOITION
CATIONS BASELINE. NO WATER WATER INJECTION

ANTIMONY < «600~-02 < +500-02
ARSENIC < «300~01 < +300~01
BARIUM «300-02 < +J400-02
BERYLLIUM < «200-03 < «200-03
BISMUTH < «H400-02 < «500~02
BORON < 3,00 < 3,00

CADMIUM .200 «370~02
CHROMIUM 2200 +630-01
copaLr < «100-03 < «200-03
COPPER 390 +370

IRON «210 «210

LEAD «300-01 «160-01
MANGANESE < »700-04 < «100-03
MERCURY < »700~-03 < »100-02
MOLYBOENUN «150-01 < «600-02
NICKEL +240-02 «210-02
SELENTUM < «100-01 < »100-01
TELLURIUM < «600=-02 < «600-02
THALLIUM < «500~02 < «600-02
TIN < «200-01 < «200-01
TITANIUM < J400-01 < «500-01
URANIUM * 000 » 000

VANAOIUM < »700-02 < «100-01
ZINC « 560 ¢530

ZIRCONIUM » «000 * +000
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GAS TURBINE
TRACE ELEMENT CONCENTRATION « (PPM) -~ UNIT OUTLETY
2ND & 3RD IMPINGER

TRACE ELEMENT TEST CONDITION
CATIONS BASELINE. NO WATER WATER INJECTION
ANYIHMONY < «500~-02 < «600-02
ARSENIC < «200+-01 < +300-01
BARIUM L] +000 * ,000
BERYLLIUM * 2000 * +000
B8ISMUTH - +000 * 2,000
BORON * +000 L] <000
CADMIUNM » «000 » +000
CHROMIUM - +000 * <000
coBaLT & +000 = <000
COPPER »* «000 » +000
IRON - .000 * +000
LEAD » +000 * +000
MANGANESE »* «000 »* 000
MERCURY «500-02 < «300-02
MOLYBDENUM * +000 * ,000
NICKEL * +000 » . 000
SELENIUNM * 2000 * +000
TELLURIUM * .000 L] .000
THALLIUM * «000 * .000
TIN * +000 * .000
TITANIUM - «000 - <000
URANTUM * +000 . ,000
VANAOTIUM » +000 * «000
ZINC . «000 * +00D
+ZIRCONIUM » 2000 » <000



APPENDIX C
TRACE ELEMENT FLOWRATES -- kg/min
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GAS TURBINE
TRACE ELEMENY CONCENTRATION - (KG/MIN) ~ FUEL

TRACE ELEMENY TEST CONDITION
CATIONS BASELINE,s NO WATER WATER INJECTION
ANTIMONY < +235-03 < «236-03
ARSENIC < «294-03 < «296-03
BARIUM < +206-03 < 0207-03
BERYLLIUM < «883-03 < +867-05
BISMUTH < +118-03 < «118-03
BORON «203-01 «157-01
CADMIUN «265-03 < 177-04
CHRONTIUM «853-03 < 29604
COBALT < «588-05 +148-04%
COPPER < 118+-03 < «116~03
IRON < «883-05 < .887-05
LEAD «382-02 «650-03
MANGANESE < «294~04 < e296-04
MERCURY «206-03 «177-03
MOLYBDENUR < 2294-03 < ¢296-03
NICKEL < e294-05 < +296-05
SELENIUM «883-03 < «591-03
TELLURIUH < «235~03 < «236~03
THALLIUM < «588-~03 < «591-03
TIN < +263-03 < +8687-03
TITANIUM < «206-02 < «207-02
URANTIUM < 0294-03 < «296-03
VANAODIUM < «147-02 < »148-02
2INC «256~02 «210~-02
ZIRCONIUM < 441-02 < «502-02



?=2

GAS TURBINE
TRACE ELEMENY CONCENTRATION = {KG/MIN} - WATER

TRACE ELEMENT TEST CONDITION
CATIONS BASELINE, NO WATER WATER INJECTION
ANTIMONY N +000 < «103-05
ARSENIC N «000 < «295-05
BARTIUM N +000 < «591-06
VERYLLIUM N «000 < »295-07
BISMUTH N +000 < 0295=06
BORON N +000 < JHU3-03
CADMIUM N +000 < «591=07
CHROMIUM N .000 < 88607
CoBALT N +000 < «148-07
COPPER N .000 < J443-06
IRON N +000 < HH3-07
LEAD N +000 26104 +
HANGANE SE N +000 < +148-07
MERCURY N +000 +130-095
MOLYBDENUN N «000 e236-04 }
NICKEL N +000 < ,148-07
SELENTUM N «000 < «295-095
YELLURIUM N ,000 < .886-06
THALL TUM N +000 < «133-03
TIN N +000 < « 295098
TITANIUM N «000 < +886~093
URANTUM N .000 » .000
VANADIUM N +000 < 2295-05
ZINC N +000 «119-04
N «000 L] +000

ZIRCONIUM
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GAS TURBINE
TRACE ELEMENY CONCENTRATION « (KG/MIN) = UNIT OQUTLET
DUST SAMPLE

TRACE ELEHMENT TEST CONDITION
CATIONS BASELINE, NO UWATER WATER INJECTION

ANTIMONY < +165-05 < +143-05
ARSENIC WH94-05 +571-05
BARIUM < «115-05 e542-05
BERYLLIUM «989-07 H14-06
BISMUTH < «330-06 < «285-06
BORON < +659-03 < 0“28-05
CADMIUM «140-05 +101-08
CHROMIUM «429-04 «300-04
COBALT «824-07 «942-06
COPPER 26404 »110-04
IRON +346~05 «271-04%
LEAD «24T7-04 +126~-03
MANGANESE < 0165-07 «571-07
MERCURY < «148-06 < «128-06
HOoLYBDENUM < «148-05 < +999-06
NICKEL oH94-06 «500-05
SELENIUM < «494+-05 < +285-05
TELLURIUM < «165-05 < «114-05
THALLIUM < «330~-05 «428-05
TIN < H94-04 «400-03
TITANIUM < +9289-05 < «7T14-09%
URANIUM »* +000 - +000

VANADIUM +939-05 «642~05
ZINC »890-02 +899-02
ZIRCONIUM ] «000 * 2000



9-J

6AS TURBINE
TRACE ELEMENY CONCENTRATION - (KG/MIN) -« UNIT OQUTLET
XAU=2 CARTRIDGE

TRACE ELEMENT TESYT CONDITION
CATIONS BASELINE, NO WATER WATER INJECTION

ANTIMONY < «450-04 < JH459~04
ARSENIC < «129~03 < «115-03
BARIUM < +386-04 < «344-04
BERYLLYUM < «129-05 < «118-05
BISMUTH < +193-04 < «229-04
BORON < «238-01 < «206-01
CADMIUM < «257~09 < 0229-05
CHROMIUM < «322-05 < W 34405
CoBALT < +515-06 < +459-06
COPPER «180-03 «378-03
IRON . 708-03 «860-03
LEAD +965-03 «138~-03
MANGANESE < «915-06 < +459-06
MERCURY «283-04% «246-03
MOL YBOENUM < «579-04 < «516~04
NICKEL < «5315-06 < +459-06
SELENTUN < «129-03 < v115-03
TELLURIUM < «386=04 < «JU4=-04
THALLIUM < «129-03 < +115-03
TIN < +129-03 < «115-03
TIVYANIUM < «322-03 < «344-03
URANIUM * «000 . 2000

VANADIUM «257=-03 «573-03
ZINC < +386-04 «229~03
ZIRCONIUM - «000 - «000



L=3

GAS TURBINE
TRACE ELEMENY CONCENTRATYION = (KG/MIN) - UNIT OUTLET
FIRST IMPINGER

TRACE ELEMENT TEST CONDITION
CATIONS BASELINE. NO WATER WATER INJECYION

ANTIMONY < «478-05 < «456-05
ARSENIC < «239-04 < «274=04
BARIUM «398-05 < «365-05
BERYLLIUN < «159-06 < «182-06
BISMUTH < «319-05 < «456-05
BORON < 0239~02 < «274-02
CAOMIUN +159~03 «337~05
CHROMIUM ¢159-03 «575-04
COBALT < «797-07 < «182~-06
COPPER *«311-03 «337-03
IRON +167-03 «192-03
LEAD e239-04% «146=-04
MANGANESE < «558-07 < «912-07
MERCURY < +558~06 < +912-06
MOLYBDENUM «120-04% < «547-08
NICKEL «191-05 «192-05
SELENTIUM < »7197-0% < «912-05
TELLURIUM < «478-05 < »547-05
THALLIUM < «398~05 < «47-03
TIN < «159~04 < «182-04%
TITANIUM < «319-04 < JH456-~04
URANIUM * «000 * »000

VANADIUM < +558-09 < «912-05
ZINC WH46-03 «483-03
ZIRCONIUM - «000 = <000
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GAS TURBINE
TRACE ELEMENT CONCENTRATION = (KG/MIN) = UNIT OUTLEY
2ND 3 3RD IMPINGER

TRACE ELEMENT TEST CONDITION
CATIONS BASELINE, NO WATER WATER INJECTION
ANTIMONY < «537-05 < 49403
ARSENIC < « 21504 < R24T7-04
BARIUM * .000 * .000
BERYLLIUM * .000 » .000
BISMUTH * + 000 > +000
B80ORON » «000 » .000
CauMIuM » .000 ] «000
CHROMIUM . +000 » .000
COoBALT * «000 » ,000
COPPER L] «000 - .000
IRON L] «000 - +000
LEAD . «000 ] ,000
MANGANESE - «.000 * +000
MERCURY «537-0%5 < 247095
MOL YBDENUM * 2000 » +000
NICKEL * «000 . .000
SELENIUM - «000 . 000
TELLURIUM - <000 * .000
THALLIUM - .0a0 * .000
TIN - .000 * 2,000
TIVANIUM - ,000 * +000
URANIUM * «000 » ,000
VANADIUM * +000 » +000
ZINC - +000 - ,000
ZIRCONTIUM » +000 » +000



APPENDIX D
TRACE ELEMENT FLOWRATES -- MCG/Joule

D-1



£-a

GAS TURBINE
TRACE ELEMENT CONCENTRATION = (MCG/JOULE) = FUEL

YRACE ELEMENY TEST CONDITION
CATIONS BASELINE, NO WATER WATER INJECTION
ANTINONY < s174=04 < «175-04
ARSENIC < «218~04 < «219-04
BARIUM < «152-04 < $153-04
BERYLLIUM < +653-06 < 65606
BISMUTH < «871-05 <  ..875-0%
BORON «150~02 «116-02
CADMIUM +196-04 < .131-0%
CHROMIUM «631-04 < +219~05
COBALT < +435-06 +109-05
COPPER < «871-05 < .875-05
IRON < +653-06 < +656-06
LEAD .283=03 481-04
MANGANESE < +218-05 < «219~05
MERCURY «152-04 .131-04
MOLYBOENUM < «218-04 < 0219-04
NICKEL < .216-06 < .219-06
SELENTUM «653-04 < JH3T-04
TELLURIUM < W1T4~04 < 0175-04
THALLIUM < <435-04 < 43704
TIN < 0653=04 < 656-04
TITANIUM < «152-03 < +153-03
URANIUM < «218=04 < .219-04%
VANADIUM < «109-03 < 210903
ZINC ¢189-03 v155-03
ZIRCONIUM < .327-03 < .372-03



v-=a

GAS TURBINE
TRACE ELEMENT CONCENTRATION « (MCG/JOULE) - WATYER

TRACE ELEMENTY TEST CONDITION
CATIONS BASELINE+ NO WATER WATER INJECTION

ANTIMONY N <000 < «765-07
ARSENIC N «000 < «219-06
BARIUM N «000 < 43707
BERYLLIUM N 000 < «219-08
BISMUTH N .000 < «219-07
BORON N +000 < «328-04
CADMIUM N «000 < «437-08
CHROMIUM N «000 < «656~08
CoBALT N «000 < «109-08
COPPER N «000 < .328-07
IRON N «000 < +»328-08
LEAD N «000 «208-05
MANGANESE N +«000 < +109-08
MERCURY N +000 «962-07
HOL YBDENUM N <000 +«175-05
NICKEL N «000 < «109-08
SELENTUM N «000 < «219-06
TELLURTIUM N +000 < «656-07
THALLIUM N <000 < « 98407
TIN N «000 < +219-06
TITANIUM N «000 < «656-06
URANTUM N . 000 » +000

VANAOIUH N «000 < «219-06
ZINC N +000 «853-06
ZIRCONIUM N «000 * « 000



§-0

GAS TURBINE
TRACE ELEMENT CONCENTRATION - (MCG/JOULE) = UNIT OUTLEY
DUST SAMPLE

TRACE ELEMENT TESY CONDITION
CATIONS BASELINE.s NO WATER WATER INJECTYION

ANTIMONY < «122-06 < «106-06
ARSENIC +«366-06 «423-06
BARIUM < «865-07 402-06
BERYLLIUM «732-08 «307-07
BISMUTH < 024407 < «211-07
BORON < «488-04 < «317-04%
cADMIUM «104-06 «751-07
CHROMIUM «317-05 «222-05
COBALT «610~08 «698-07
COPPER ¢195~05 «814-06
IRON +256-06 «201-05
LEAD «183-05 «930-05
MANGANESE < «122-08 «%23=-008
MERCURY < «110-07 < «951-08
MOL YBDENUM < 11006 < e T40-07
NICKEL «366-07 «370~-06
SELENIUM < «366-06 < e211-06
TELLURIUM < «122~06 < «846-07
THALLIUHN < «244-06 «317~06
TIN < «366-05 «296~04
TITANIUM < 73206 < «529-06
URANIUM L] 000 » «000

VANADIUM «696~06 476-06
ZINC «659-03 «666-03

ZIRCONTUM « +000 * «000
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GAS TURBINE
TRACE ELEMENT CONCENTRATION « (MCG/JOULE) =~ UNIT OUTLETY
XAD=2 CARTRIDGE

TRACE ELEMENT TEST CONDITION
CATIONS BASELINE, NO WATER WATER INJECYION

ANTIMONY < «334-05 < «340~09
ARSENIC < «953~05 < «849-05
BARTIUM < «286-05 < +255«05
BERYLLIUM < «953-07 < «B849-07
BISMUTH < +143-05 < «170-095
CADMIUM < «191-06 < «170-06
CHROMIUM < «238~086 < «255-06
COBALT < +381-07 < «340-07
COPPER «133~-04 +280-04
IRON e524-04 «637-04
LEAD «715-04 «102-04%
MANGANESE < «381-07 < «340-~07
MERCURY «210-05 «183-04
MOLYBDENUM < 429-05 < «382-03
NICKEL < «381-07 < «340-07
SELENTIUM < «9953-~08 < +849-05
TELLURIUM < «286+~05 < +255-05
THALLIUM < ¢953-05 < «849-03
TIN < ¢953-05 < +849-05
TITANIUM < «238~04 < «255-04
URANLUM - «000 L] «000

VANAOIUM +191=-04 «425-04
ZINC < «286-09 «170-04%
ZIRCONTUM - «000 » «000



L-Q

‘6AS TURBINE
TRACE ELEMENY CONCENTRATION « (MCG/JOULE) - UNIT OUTLEY
FIRST IMPINGER

TRACE ELEMENT TEST CONDITION
CATIONS BASELINE+ NO WATER WATER INJECTION

ANTIMONY < «354~-06 < «338-06
ARSENIC < +177-05 < «203-05
BARIUM «295-06 < «270-06
BERYLLIUM < «118~07 < «135-07
BISMUTH < v236-06 < «338-06
BORON < «177-03 < «203-03
CADMIUM «118~04 »250-06
CHROMIUM +118-04 426-05
CoBALT < «590-08 < «135-07
COPPER «230-04 «250~04
IRON «124«04 «142-04
LEAD «177=05 «108-095
MANGANESE < «413~-086 < «+67%-08
MERCURY < «413-07 < +675-07
MOLYBDENUN «885-06 < +405-06
NICKEL 0142-06 W142-06
SELENIUM < «590-06 < «675-06
TELLURIUNM < « 35406 < +405-06
THALLIUM < +295-06 < «405-06
TIN < «118-05 < +135-05
TITANIUM < «236-05 < «338-05
URANIUM * <000 * «000

VANARDIUM < e413-06 < 675=-06
ZINC «330-04 +358-04

. «000 * +000

ZIRCONIUM
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GAS TURBINE
TRACE ELEMENT CONCENTRATION = {MCG/JOULE) ~ UNIT OUTLEY
2ND0 & 3RD IMPINGER

TRACE ELEMENY TEST CONDITION
CATIONS BASELINE. NO WATER WATYER INJECTION
ANTIMONY < »398-06 < .366-06
ARSENIC < »159-05 < «183~05
BARIUM . +000 L +.000
BERYLLIUM * +000 * +000
"BISMUTH * «000 * .000
BORON » . 000 ] .000
CADMIUM * «000 * +000
CHROMIUM »* «000 L +000
coBaLY - ,000 * +000
COPPER * +000 L] «000
IRON » +000 ] 2,000
LEAD w +000 » +000
MANGANESE L] »000 * 000
MERCURY +398«06 < +183-06
MOLYBDENUM » +000 » +000
NICKEL * .000 * +000
SELENIyUM L «000 * .000
TELLURIUM * +000 - +000
THALLIUM * «000 - +000
TIN * «000 » +000
TITANIUM * .000 » +000
URANIUM » «000 * .000
VANADIUM * «000 * .000
ZINC - «000 * «000
ZIRCONIUM - +000 » «.000



APPENDIX E
TRACE ELEMENT CONCENTRATION -- MCG/DSCM
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GAS TURBINE
TRACE ELEMENY CONCENTRATION = (MCG/DSCM) =~ UNIT OUTLET
DUST SAMPLE

TRACE ELEMENT TEST CONDITION
CATICNS BASELINE. NO WATER WATER INJECTION
ANTIMONY < «133 < «118
ARSENIC <400 473
BARIUM < «934-01 2449
BERYLLIUM +800-02 «343=-01
BISMUTH < W267-01 < «236-01
BORON < 53.4 < 35,4
CADMIUN «113 +839-01
CHROMIUM 3.47 2.48
COPPER 2,13 910
IRON + 280 2,25
LEAD 2,00 10.4
MANGANESE < +133-02 473-02
HERCURY < «120-01 < «106-01
MOLYBDENUM < «120 < +827~-01
SELENIUM < J400 < 0236
TELLURTIUM < «133 < «945-01
THALLTUM < 267 + 354
TIN < 4,00 33,1
TITANIUM < +800 < «591
URANIUM * «000 » 000
VANADTIUM « 760 «532
ZINC 720, Ta4,

ZIRCONIUM * «000 * +000
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GAS TURBINE
TRACE ELEMENT CONCENTRATION « (MCG/DSCM) = UNIT OUTLET
XAD=-2 CARTRIDGE

TRACE ELEMENT TEST CONDITION
CATIONS BASELINEy NO WATER WATER INJECTION
ANTIMONY < 3,64 < 3.80
ARSENIC < 10.4 < 9,49
BARIUM < 3,12 < 2.85
BERYLLIUM < 0104 < «S49-01
BISMUTH < 1.56 < 1.90
B0ORON < «193+04 < «1714+04
CADMIUM < 208 < «190
CHROMIUM < «260 < «285
CoBALT < +417-01 < .380-01
COPPER 14,6 31,3
IRON 57.3 71.2
LEAD 76,1 11.4
MANGANESE < «417-01 < +«380~01
MERCURY 2,29 20. 4
MOL YBOENUM < 4.69 < 4,27
NICKEL < «417-01 < «380-01
SELENTUM < 10.4 < 9.49
TELLURIUM < 3,12 < 2,8%
THALLYUM < 10.4 < 9,49
TIN < 10,4 < 9,49
TITANIUM < 26,0 < 28.5
URANIUM * «000 * «000
VANADIUM 20.8 47,5
ZINC < 3.12 19.0

ZIRCONTIUM * «000 * «000
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GAS TURBINE
TRACE ELEMENY CONCENTRATION = (MCG/DSCM) - UNIT OUTLET
FIRST IMPINGER

TRACE ELEMENT TEST CONDITION
CATIONS BASELINEs NO WATER WATER INJECTION
ANTIMONY < «387 < <378
ARSENIC < 1,93 < 2.27
BARIUM 322 < «302
BERYLLIUM < «129-01 < »151=~01
BISMUTH < o258 < «378
BORON < 193, < 227.
CADMIUM 12,9 «279
CHROMIUM 12,9 4.76
CopALY < «645-02 < «151-01
COPPER 25,1 27,9
- IRON 13.5 15,9
LEAD 1.93 l.21
MANGANESE < +H451=-02 < ¢ 765-02
MERCURY < +451-01 < «755-01
MOLYHODENUM +967 < «453
NICKEL «155 159
SELENIUM < «64S < « 755
TELLURIUM < «3067 < +#53
THALLIUM < «322 < 2453
TIN < 1,29 < 1.51
TITANIUM < 2,58 < 3.78
URANIUM * «000 » +000
VANADIUM < 451 < « 755
ZINC 36,1 40,0

ZIRCONIUM * 2000 * 000
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GAS TURBINE
TRACE ELEMENT CONCENTRATION - (MCG/DSCM}) - UNIT OUTLET
2ND & 3RD IMPINGER

TRACE ELEMENT TEST CONDITION
CATIONS BASELINE¢ NO WATER WATER INJECTION
ANTIMONY < 435 < JU09
ARSENIC < 1,74 < 2,05
BARIUM * .000 * +000
BERYLLIUM * 000 * «+000
BISMUTH * ,000 * ,000
BORON * .000 * «000
CADMIUM * ,000 » <000
CHROMIUM * +000 - « 000
COBALTY * +000 * «000
COPPER * ,000 » +000
IRON * ,000 » »000
LEAD * . 000 * 000
MANGANESE * +000 * +000
MERCURY 435 < .205
MOLYBOENUM * «000 L] «000
NICKEL * .000 * «000
SELENTUM x +000 * +000
TELLURTUM » .000 * +000
THALLTIUM * .000 * +000
TIN * «000 » <000
TITANIUM * ,000 » 2000
URANIUH * +000 * +000
VANAOTIUM * .000 * .000
ZINC ] .000 * «000
ZIRCONIUM * «000 * .000
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TABLE F-1. IR ANALYSIS REPORT
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172.0- 1700 S C=o colomgl g bl ATer
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1450 B CH;  led. o il | s~y
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| 260 S =0= (e d.. oty festen.
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2.0 w PATEE IEVE T AT
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TABLE F-2.

IR ANALYSIS REPORT

Comtractor AC,waC

Sompe S0 _Houslon LHP T ¥S2Z o Acquisaion oe A= 2478
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Ao Bt o - \
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osy M. BL_ Heflemo
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I
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@4-27/79 16144100 CALls C42779 633
SAMPLEI HLP-1-X 2 MLS. CONC. EXTRACT 7-12-78

RANGE: G 1,1200 LABEL: N ‘lé20.0 QuaN: A O, 1.8 BASE: U 20. 3
190, 0 “ 1712,
Figure 1. Total fon Current
Chromatogram - Mouston Test 1
XAD Extract
639
RIC_
Y v ' T a v
20 800 1000 1200 SCAN
23:00 26140 33120 40:00 TIME

Figure F-1. Total ion current chromatogram -- Houston test 1 XAD extract.
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RIC DnTi: HLPZXK 01 SCANS L 70 1200

04-27/79 15145: 00 CAL1: (42779 #33
SAMPLEs HLP-2-X CONC EXY 4 MLS 7-12/70
RANGES G 1.1200 LABELL N 1.20.0 Oungl_a @, 1.0 BASEs U 20. 3
180. 8— 1 33664.
509
Figure 2. Tota) lon Current
Chromatogram - Houston Test 2
] XAD Extract
30
RIC
-
638
4.r2
-~ 241
'
- . ot
200 400 (X1 8oo 1000 1200 SCAN
G140 13120 20100 26149 33420 40100 TIME

Figure F-2. Total ion current chromatogram -- Houston test 2 XAD extract.
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GENERAL@‘ELECTRIC GAS TURBINE

PRODUCTS DIVISION

GENERAL ELECTRIC COMPANY, ONE RIVER ROAD, SCHENECTADY, N.Y., U.S.A. 12345
Phone (518) 374-2211, Telex 145354

July 13, 1978

Mr. Brent Higginbotham

Acurex Aerotherm

485 Clyde Avenue

Mountain View, CA. 94042

Dear Brent:

Five copies of General Electric's report on the Acurex-GE joint test

at Houston Lighting and Power are attached. These should provide suffi-
cient data for your analysis, but don't hesitate to contact us if you
have further questions.

Working with the Acurex test team was a pleasant experience. Perhaps
there will be other opportunities for such tests.

Sincerely yours,

L. Berk]ey Davis %eer
Combustion Development-LGT
Bldg. 53 - Rm. 322
Attachments

LBD:rhb

cc: Nancy Fitzroy, 500-224
M. B. Hilt, 53-322



MS7001C FIELD TEST RESULTS
UNIT 52, HOUSTON LIGHTING AND POWER
APRIL 1978

During the recent field test of a MS7001C gas turbine, Unit 52, at
Houston Lighting and Power, personnel from General Electric's Gas Turbine
Division were responsible for measuring gaseous emissions and assessing tur-
bine operation.

This report details the results of these tests and fulfills General

Electric's reporting requirements to Acurex under contract RB68439A.

1. RESULTS
Some nineteen test points were run over a period from April 21 to 24,

1978. As indicated, these were spread over three days, with the first day

DATE TEST

APRIL 21 PRELIMINARY TEST, VELOCITY TRAVERSE
APRIL 22 BASE LOAD, NO WATER INJECTION

APRIL 24 BASE LOAD, WATER INJECTION

devoted to a preliminary test to establish the velocity profile in the exhaust
duct.

At each test point, gaseous emissions (02, C02, NOX. NO, unburned hydro-
carbons (UHC), and CO were measured at a single point in the exhaust duct.

Machine operating data, sufficient to establish the airflow rate and
operating state of the machine, werealso recorded.

The subsequent discussion in part III of this report will address the

quality of results expected from single point sampling, as compared to those

from a traverse,



Tables (1-2) 1ist the data points for each of the three days. Data from
a point are input to a data analysis program called FIRCALY.

This program utilizes machine performance data,gaseous emissions, fuel
composition, and machine geometry and internal flow splits to predict machine
operational characteristics. For example, compressor inlet airflow is cal-
culated using four methods; refer to Table (3) for an output sheet from
FIRCALY.

Each columof results (e.g., FT. TEST FLOW) makes use of certain of the
data to calculate machine airflow, turbine inlet temperature and exhaust

composition. This is illustrated in the table given below.

COLUMN MEASURED CALCULATED
FT. TEST FLOW fuel flow and composition, machine airflow, 02 COZ’
airflow during factory test, water in exhaust, turbine
inlet guide lane position, inlet temperature.

ambient conditions

CHKD. FLOW compressor discharge machine airflow/turbine
pressure and temperature, inlet temp., 02, COZ’ H20
first stage nozzle area,
fuel flow and composition.

OXYGEN CONC. 02, fuel flow and composi- machine airflow, COZ’ H20.
tion turbine inlet temperature

CO2 CONC. COZ’ fuel flow and composi- machine airflow, turbine
tion inlet temperature, 02, H20

G=5



Turbine temperatures are proprietary to General Electric and are not
included in the results.
Results tables for each test point are interpreted as described in

Table (3). The complete sets of results are given in Tables (3-17).

2I. DISCUSSION

The core of the test results is contained in the test points 6-11 and
14-18. The first set is at base load with no water injection, while the second
is at base load with 40 gpm water injection. The main points to note are the
NOX, NOX(ISO), 02, and airflow rates.

Emissions of nitrogen oxides from a gas turbine are strongly affected

*
by ambient humidity. This is taken into account using the relationship

NO, (1S0) = NO, (MEASURED) e 23.2(H-.0063)

While measured NOX varied considerably during the course of the dry test
(pts.6-11) in response to a cold front moving through, NOX(ISO) changes about

+ 1 percent. A similar statement applies to results from the water injection
test (pts. 14-18).

N ,
. The constant 23.2 appearing in the exponential is derived from General

Electric data. It gives numbers 2,7 percent higher than the EPA constant
»of 19.0.



NO, EMISSIONS

OPERATING MEAN MEAN
POINT NOx(I1S0) ppmv 02 (% by Vol.,dry)
+1.7%
BASE, DRY 159.1 + 1.0% 15.30 13 fk
BASE, 40 gpm 67.7 +1.1% 15.12 #1%

The variation* in 02 measurements during the dry test is somewhat larger
than that in NOx(ISO). This is apparently an outright measurement error in
one point (pt. 8) that was taken during the period of severe weather.

Airflow in a gas turbine is directly affected by ambient variations and
as the numbers in the tables vary by some + 2.5 percent with time. The mean
levels (for, say, FT. TEST FLOW) are representative of the expected perform-
ance of the MS7001C axial compressor.

A comparison of the compressor inlet airflow values from each of the
four calculation schemes (CHKD. FLOW, etc.) reveals excellent agreement

(+ 1.0%) between airflow from FT. TEST FLOW, CHKD. FLOW, and OXYGEN CONC.
Note that pt. 8 is an exception (+ 2.2%).

The airflow calculated from measured CO2 (CO2 CONC.) shows relatively
poor consistancy and agreement with the other values. This is particularly
apparent in the water injection test, where the airflows predicted from

measured.co2 concentration are approximately ten percent higher than expected.

*
sThis variation is calculated as a deficit from 21 percent atmospheric 02.

G-7



The large amounts of water vapor in the exhaust obviously affect the instrument.

The 502 values in the tables are calculated assuming one hundred percent
conversion of fuel sulfur. This {s consistent with General Electric's
experience.

Two fuel analyses are given in Table (18). The variation in measured
hydrogen is typical of that found from repeated measurements of distillate
fuels. The ash content is, in both cases, higher than expected for distillates.

Table (19) gives a breakdown of the ash, with the primary constituent
being an oxide of zinc. The hydrogen yalues in Table (19) are determined

using the Galbraith method and are not as accurate as those in Table (18).

ITI. SUPPORTING TESTS

Subsequent to the Acurex tests, considerable effort was put into obtaining
yery accurate hydrocarbon measurements. In preparation for these tests, the
stainless sampling probe was washed with acetone and methylene chloride,
passivated with nitric acid, and washed again with methylene chloride.

In addition, an abbreviated stack traverse (18 pts.) was made.

There are two aspects of this portion of the testing of interest to
Acurex: the hydrocarbon readings themselves, and the variation of Nox and 02
over the cross section of the exit duct.

Figures (1-3) give the results taken from a base load point with 40 gpm of
water being injected. Each figure shows a definite profile across the stack,

with a 3 NOx variation of + 5.9% (+ 3.3 ppmv). The point customarily used



for single point sampling is just above position D-4. These data indicate
that the NOx is approximately 2.2% lower than the mean value at that point.
Thus, the readings reported in the previous section would be within two
percent of the true mean.

Oxygen readings have a + 3Tvariation of + 4.5% (referenced to 21 - '62),
and verify the trends observed in NOx. Unburned hydrocarbons are quite low
(< 2 ppmv); they show a very wide spread (3T is + 79 percent).

Other points presented in the tables give supporting data. For example,
points 12 and 19 are at base load, dry; they were taken just before and just
after the water injection test. Note that NOx(ISO) values are in excellent
agreement with those previously obtained.

Machine performance and emissions measurements taken from Unit 52 at
Houston Lighting and Power are both self-consistent and in agreement with
data acquired from other machines of this class.

Close agreement between airflows from different methods of calculation
give considerable confidence in the airflow levels. Any discrepancy between
these values and that obtained during a stack traverse should be carefully
reviewed.

Single point sampling should give adequate results for gaseous emissions
such as NOx and 0p. Measurement of species present at very low concentrations

requires a traverse.



TABLE 1

GENERAL ELECTRIC 0. SCHENMECTADY,N.Y.
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TABLE 2

GENERAL ELECTRIC CO. SCHEMECTADY,N.Y. @
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T (DRY) 67,U DESLF, NU(1S0) 149,9 PRIV (WET)
I (Il -8 I DELLE o¥i 15,67 ML (URY)
LIANNEIVEN L % (oo holy VL, (vrY)
AByepiite VeCllY LKs/Lb (v 4eY PPi VierY)
LOp Lt ot £sla Lol a2 PRy neT 1 CHs
[Mad] 605,¢0 LEweF, HaU Ue GPi.
debeVe T1.C DESeF, Fute 114002 PES
— wellor sPUiE Uy Las/L®
CUimLLEF, CE MUY Fuw Cetlln w oY wT,
FTa1 8T Lhgl . daYGLls Cog
Fulw FLO» COHC e CONC.
WEA(DRY) MOCF /iR 26428606 26045736 £14V360- 259918
Ki (TJeh) 576 .5 8al k& X1V J SnBad
wh (100 Fes  _ bewes, L 58E,% SVoal Sh3eV
TRU B R LLMP, Le R Ve " O
/b GeV15! "CellsC Lellku Uellgs
MDA Fiim 4f043 @71,2 afvel . wtled ____
NOX(I50) Pewm 53uesn 536,.4 LEPI babel
710} I5% Le > Y 175, 177.7 lalg7 17440
[LT6) NI TS LNER BPER N | Lol Lokl Ul o __2__.0ed25
NOX (IS0} PiakTo Oeot Getd UeTU 0sb7
el 1.0X PPTH FJILL 1le® 119 1del lleé
Bl SOX(139) Y 13,8 Lia.b 133
URG (LY 1Ol YLL 301 3,1 3,L 3,1
U2 UL Yvolep.. Y 15390 1543n Lot/ 1525
[€LY] PR NN | agle eal( el 3 4elS
CO AT lom Q2 wity el 52 3 5¢l
el CO PPTF FuJbi Uel5 026 Veldh Qeéd
SG2 pavy DY 19212 19,6 191 199
URY T WET vVJl 1e058 le0%0 le'27 leudy

Midn (EXHAUST) 2878 2HeTL db T8 2818




06/29/78

TABLE 7

94 l9HUUKS

FIRCALS RFVISID 03730/ (8

HOUSTON LIGHING g POwER
MS7001C APRIL 1976

TEST PT eD=c2Mn & oLTPLI 62400 "y,
VAL 780622 tlX 129.0 PPV (WET)
hB I 2101 HOURS NOXALIDU) 1o8, pPo iy (wET)
BAKUMETER 29,620 INS.HG, NC 123,1 PRIV (WET)
T (DRY) 71,0 DEG.F, NO (18U} 1647,9 PRIV (WET)
I (WET) £M.O  DEGLF _02 19,31 VOLLIURYY
KEL  HUM, Bt,1 % [P 4,11 VIL, (URY)
AR geptime Uelléad | BS/LL ce Sel PPV ILKY)
[ labab P'sle e 2t Ppry (weTyCrs
D1 607,0 CEG.F, Hel G Ger.
[ PRI . T1el . LEGeF. FLEL 10022 PRS&
—_— ) — whTER /P LEL Qe L55/LB ..
CUML ot FF . Yubl 4 Fi-t. JeUb B oy wT,
ETa1b 43 Lre o AAYGE 4 Y8
FLOw FLUW CONCe ConCe
SWEX(DRY) MSCF/mFR SeBIS4 2t.09V2 LY Mu(6 " 260662
WA PG CYR- ) 571 L Se6,) S7leQ
WA{LS() Fil YEven 598, 5 589,9 5943
HZU % OF oM, Co TTeY Ue " 0.
pIE Cellv] CeClE9 UeULYL Geldl9v
10X ppp 63L,7 ©34,9 420,Y 4365 __
NUX C] S FP- 5175 Sc2e8 S5L7T,N 5221
KUA 19%: Zz UeY 17asy 17601 1ot 1759
LCX eIy 1oe A Ve SE (457 Uehn  Gebv7 _
NOX (150L) PRIETS Veb?7 0obF Vet ! Qebkb
Bl KUX PPTH PJEL 111 1le2 Llel 1162
Bl one 1y 13,4 13.6 £343 134
URGHUA 10w YLL 31 3.1 3,1 3el
U2 D¢ By vienY 19e32 15,37 19,310 15+ 30
(NP4 S Vol psY “eih aall Gglb cell
CO AT 153 D2 vxY Dot 545 Sel Sed
£l CO PPTR FJEL 0e27 0427 v.27 Ced?
502 POMY_ DRY, 1966 16.5 1942 199
URY TU W) vJL leUs2 1,02 S 14062
MMw (EXHALJST) 268e 74 Chelé Bl ibeTa
-— - - — - S—




TABLE 8

06

729/78 96 19HOULKS

EIRCALS REVISED N4/730/ (8

HOUSTON LIGHING ¢ POWEK

MST001C APKIL 1978
TEST PT T0=63rn O ocuTRul 634U0 M
DATL T86422 NOX 131,06 PPILV(WET)
1 1Mt 2240 Bl T -AA ALY (ISU) Lo x POy (weT)
BARUMETLER 29,720 INS,.HG, NG 126445 PPHV(®ET)
T (DRY) T0.0 DEG.F, NO(ISL) 150,49 PPHV (WET)
Y (wET) Ax 0 DEGLE foi 1n 36 VAL JLURYY
REL JHUM 90,5 % e 4 ,Vé VIiL, (VRY)
ABS epiUite Gallas 1 50/7L5 cG 5.4 PPV IURY)
LDy lot a7 psla 714 2.3 POy (T (.
LDI QOBQC' DEG.F. hZU uo Gp"T
L laGeV, T7.0 DESeF. FoEL 10.8%0 Pos
- - . WATES /YUEL e . LBS/LE .
oM bF kg 9Y.50 % ft.i GeVtLl % BY »l,
ET.I103T Lhmig Ca NXYGr N CU2 e
. FLOW FLOW CONC e CONCe
"WEX(DRY) wSCF/-iF 2549677 26,0787 €b42352 266873
A Pos 569, 871.5 SrkH S5R4e5____ _
SMALISD0) 0 PR w896 | 59441 575,55 6USeb
“r20 T % OF Gk, e O OTR,T T T GT T T U
Pk GeC191 OeClvl Oel"4b9 CeQlid
—0X P 3944 Lol CLL PV 4515 .
NGX L1584 Fidr 5304 533,C B3E.Y Y449
NCA 1oh L2 wiy 177.3 170,% lrg o 1ilan
NV T - SN TR Lab2 Lab? Lah8 Ledr.
NOX(1S0) PinBle Cebo VebS Cetr¥ Ge71
el NOX PPTE Fuzl 112 11.3 1le3 11e5
2L NOXL1SY) 13.68 1356 3.1 L33
URQerIA 10VE YD el 3.1l 3el ERRY
Ug GG Wywbaelty 1531 15,33 L4350 1%e40
L Syl D~y 4el% 4213 “all Lol
CO AT 1oy Ue DFRY beb 5.6 Se7 Se8
el CO PRTP FUEL Qed8 Oe2B Ve2H CecB
0L peny LRy 1G.7 15,6 1945 152
VDRY TO WET vaL 16062 1,062 la902 1061
MM {EXFIAUST) 2be76 25474 CBLTS 28473

G-17



TABLE 9

06/29/78 9+ 19KUURS

_FIRCALS REVISFD 03/30/18H
HOUSTON LIGHING & POWER
MS7001C APRIL 1978

TES! PT Bh=62Mw ] QUTPLI 62400 Mw
DATE 78022 NOX 13067 PPEV(®ET)
TIME 228%& HOJRS NCX (I5U) [TLI"] PPAy (WET!
BARUMETER 29,760 INSHG, NG 125,14 PPMY (WNET)
T (VURY) 73,8 CEGeF. NO (]I SWU) L29,2 PPMV (WET)
T (WET) Y-S DEGLF . 02 15,40 VOL  (URY)
KEL JHUM, To. b % Co2 b b2 VoL, (URY)
ASYeidUMe 0.0135 (AS/LE co 5.6 PPV (LURY)
Low lab, b Pslm UHg e PpMy (" T3 CHe
o7 609,06 DEQekb & H2U = Qe GPM
leGeVe T7.0 [STRCTY 2N Fucl 10e856 PPS
_ ) WATER/PUE, O LoS/LC
COMDoEFFa 95,90 % B Qevilil 9 Y nT,
ETa.le T Crivl o eI A dCTAR| (Ve
FlLOn FLCw CUNC conCa
WEX(URY) WM&CF/mR 2517884 26,0678 £643419 260080l
WA (235 S44,9 €105 Sip.7 571a%
wA(1S0) Fes LEEYet S6h,4 LULeY 56l
HL T & QF COwP, 0. Ue Ce " Qe
/A Ced1SZ Celly0 Ueliln8 OeUL1LSU
L)X P 433,6 £37.5 X Lol
NOX ([ S() Pra 951744 8274 ,4G HeT.6 $5¢2e 7
NOX 1y T2 0N 1736 17543 11762 175%
NOY pr. T 10D T Qs56 0.57 Laht Q32
NOX ([SQ) PPIILTL Je67 Gabt CebY Qebb
£l NOX PRTS Flocl 116l 1162 1le3 11e2
Bl oNOX(139) 13,2 13.4 13,5 130
URG,IMUX 1O0% YL 3,1 3,1 3,0 3.1
U2 CURNC %velevnY 1528 1543« IS Y] 1535
[Qer4 Yo Vilh DAYy bel? Lol G un Lol?
CO AT 1loq 02 ORY Set 549 el SeS
k1l CO POT? Fuzg 0o Ge29 UelY Ve<S
Sud PEYY LY 15,8 1946 19 e 199
URY T(O &R7 Viu leV62 1ol l ltiol leUbl
MiaW (EXHAJYST) 26475 28,75 Cuy e Z8eT4

[ . e = m—— --



TABLE 10

06/29/78
EIRCELY WEVISHLS

10637THLVES
QALAL/ LR

HOUSTON LIOGHIKG § POwtK

MS7001C APKIL 197¢

TES! PT SL=60tin 2m OLIPUT L0 UL M

DATL Te0se2e (A 13548 Pe-v(®LT)

LIkE 120¢ HELRS NONSMII NSV N PRy (*EYY

BARUME TER 25,850 INSGGHG, L. 130,14 PPV (*eT)

T (VURY} 83,0 LEGF, NOLISL) 152,1 PRIV (WET)

I _(wET) 20,2 LELLE 0: 15,96 VoL . (2RY)_

REL ¢ HU' /o 53,5 ¥ Cie 3,94 Vil (LRY)

ABS e pUte Gell30v LE571LL C( a2 Privl.Y)

COp lagal L& (N S PSRN 1 RO .13 NS AT TN

LDT &ly,C LILGQF. ML Ue Qw!

leGeVe 77,0 LEGeF, Fubel 10ed40 Prd

- —_— e e dEn/PUR. © Las,Le

QUL o LFF o 9,90, tr e AN w oY #Te

LT lEs] rrala ey A {1 T S Cve ... ..

. Filo FLos Lol e el

WEX(DRY) MSLF /4N 253430 2547wyl €5.705¢ 260505+

Mt |35 Liu b LYVSUS Y1 PN - 579e°

JAALLSL) (R LeYeo PRE tulef tlvel

H2U w UF QUM e Ve Ve Us

P/h Uelilay (.ilor Uei Lt Dellace

L83 $ups @ale9 .o GuleY . . TN neleh

fNOX(1SU) Fie Llhey 523, Set,: L3352

KRGy 1 Ud ey 1., 7 Int 1sv,n lezed

INOK prpr T 1hk T IV 2 S AP S Cat} Cele

NOX (l15u) FEesTY Geby (oTis Vali Cell

el MOX POTE FULL 1le€ llee Lle® 12’!-

Ll farid (lur) 13t 130b o 1347 lued

URG, LA 150 Yol 2.1 s.b 3. <9

Ud QUMG Tylieln ¥ 1%e4s Letls 5@t 1559

L0< AR N A 6o ls PR Celim .. _3ede

CO AT 1h4 2 u-Y £, ) Sey bel

£l CU FRIF Fucl CGed9 Ce28 Vel Ce3C

$0¢ PEMY_UNY 1643 19,3 Clbel 18+7 .

VRY TO wE7 Vil leGel lelly el 2% leussg

MW (£ XHAUST) 25476 2EL.TL cEgln ¢dele

G-19



TABLE 11

06/29/78

10 3700URS
ELRCALS REVISED (4s30/18

MOUSTOM LI1GHING & POwkR
MS7001C APRIL 1976

G-20

TEST PT 100=60MmW=200P0 D pulpLT 60,400 M
DATE 180424 NCx 69e7 PRy (WET)
T IME Laull MEOURS LLX 18U LUt Po vinETy
BARUMETER 29,830 INSeHG, NG B4,V PPI'V(WET)
T (LRY) 86,2 DEGLF, NOCISU) 99,8 PPV (NET)
J LwETL 215 el Fr 02 18 .28 MAL (YY)
REL g MU, 53,6 % e 3,85 V3L, (LRY)
AByepUre Cell137 L Rgrid 4% 6ol PRIV ILFY)
OB Liaaok pels p a3 PRy (MG
CoT 624,0 DEG.F, 1¥48] 20,V G-,
leGeV, 77,0 LVEG.F, FLEL 10,78 PPS
_ . hialea/bube  QOalt o LHS/LP -
CORBDGEF) CL TG Flis e J 8 z LY “"Te
PI.lr st Chylia JAYSL 4 Le2
FLOw BLov CONC e ConCe
WEX (DRY) MLCF/ -k 25e21Vy i5e6332 CS,Ta23 <7829V
—nA EirS so 2 sel 3 CY- R slEe T —-.
L WALLSO) rel SeSet 544 ,3 GVe oY c49e8
H2UT % OF oM, T A Ueoy Cob
/A Celilwy CaClvz Cotilyl Ceul?/
NOX Pir 23242 258+:.C __299.¢ 224
NOA (150) ri- 3abeb 356 ,0 IVL & 3c3eU.
NG X 1%% Ce winy 117.% 116,32 116,46 129.0
I {TeD- M TIC1ATh SN U N TI (Y, (a3 Uanl —_Jehc _._
NOX (150) PFML Ty Ueat Cabt Lot UedT
el WUX PPTP FUEL 7.0 7.7 1.7 ge3
FloLOX(189) Yol [ $2€ oo oG9 ..
URG, fwua 10T Y i 441 3,1 3,1 2ot
U2 (UNC %vilel Y 1917 19427 Lberd 1572
[€aV4 oo yll ooy 4429 & ln Gal0 385
CO AT 15¢ Q< DBy 63 Eob Betr 6e3
El CO PPTP FJEL Vo3l Ue32 Ued2 [ PEL
s02 PRy LUy 204 1% o B 1947 \Beld
VRY TC wED vl Je71 1,070 Lottt leVob
MMW (EXRAUST) 2EetS 2u,LY Y cbed?



TABLE 12

06/29/78  10e3THUUKS
FIRCALS DEYISED (147307 (K

HOUSTON LIGHING ¢ POwti
MS/001C APKRIL 197¢

TES1 PT llbeblMweolaPM Y LuTRLY 6140 M
DATE T804 NCX 575 PPMy (WET)
Iimr 1508 RMOURS LGALISUY [N POty {wET)Y
BARUMETER 29,810 INS.HG, ho 53,4 PPMV (WET)
T (DRY) 85,0 DEG,.F, NC (150} 62,9 PPV IWET)
I (NFT) 2l.2 LEGLE D2 15,14 VAL L (URY)
REL (HUM,. 5144 % e @, UL VIL (URY)
AByeprUMe QeU133 | BS/LD (44 Te9 PLtivineY)
LoV den, ! Enls Ub.C aed PRuy (e T Citg
D1 627,00 LEGLF, Y48 40V GFIt
deGeVe . T7.L _ DEGSF, Fukl 104955 PPS
-— . ... .. ' " WATER /P Ut e Qs3] L35/LB
COMLoLFFa 99,90 % bt DeUiLH % oY vl
ET. 1t 5T Chigira JAYGe Tt Cug
FLOv FLOV CONCo CONC,
WEX (DRY) M5CF/ A 25010664 2545431 €5,06357 2743753
NA gps &S] .2 __St¢ 3 501,.7 8991
_WA(ISL) P#L YEYS 96,2 LUl tale !
H2U0 % OF TUNPTTT TTILC0LCT T To%e T V,99 Qe93d
F/A ’ Qefi199 Ve 119¢ CelLSS Ge0183
NOX 21 169 192.1 192,84 205s )
NOX (]150) PP 22342 2264 2¢7a1 2a¢le?
NOX 15% 2 LY 7345 T4t ta,% 797
N porusT & v e 4] Yela Ga25 Ue2> Yele
NOX (130) PPMBETL 0e26 Ce29 VelY Ce3l
el NOX PPTPF FUuLlL Lol “,9 “e9 5¢2
£l _NOX(1589) Ka.7 L) Ly byl
URG,NUX 10U% YLL 3,1 3,1 3,1 2¢9
U2 CONC %vOLeu<Y 15403 15.12 LYela 1551
cu2 % ML LsY 938 bal9 Lol Lo Q0
CO AT 154 22 DRY Te9 L I) Bl Beb
el CO PPTP FUEL Qe40 Oea0 Vel Oe3
502 POmy DRY _204s6 20,3 £042 1689
VRY TO WET VoL 14089 1,079 leUty 1075
MW LEXHAUST) 26+5¢ 28,586 PTY) 28659

s« et e e e —— — - -—-- - -

G-21



06/29/78

TABLE 13

103 710UES

EIRCALS REVISEND Q430716

HOUSTON LIGHING & POwWLk
MST001C APKIL 1978

TEST P1 120261 M=40GPN \S QUTRYI 61000 Ma
DATE 780624 [A®Y 5T.8 PRPHy(mET)
JiMe 1&UU HOUKS NCX LTS0S £7 .4 PPy (wET)
BAROMETER 29,790 INSHG, NO 53,17 PPV (NET)
T (DRY) 83,5 DEG.F. NC ([ S0) 63,V PPy (WET)
Y (WET) 20,4 CFGQefa [oFd 15913 VAL o (URY)
REL s HUM 53,1 % co2 3492 Vole (WRY)
ABSeHUM, Us0131 LPS/LL (¥ Bel PPHV(LRY)
Low lao 2 Egls Uil 2.9 PRIy (wLT)Cte
CoT 626,40 DEGeF . HZU @0,V GPt
_l'__ﬁ'v. Z_’__.Q_ —_ lﬁEGOF. thL IOQVEI 995
! whleb sFUE. Q.51 LBS/LPE

COMLEFF, 99,9 & FL.: UelLS » Ly wl.

£T.1:81 Crgloa SX Yk gy

FLLW FLle CONC o CunCe

WEX(DRY)} MSCF/HF 25¢426 25,4304 4546571 2ue0028
WA PrS 8825 8% .9 S5m0 slles
RACLS0) puy Y890 546.( LI h3ed
H2U % OF Comp, ~ TaC) 1.CL Vo9 Lol
F/A Ge0199 C.0197 QeUl95 0e0L79
NOX. Py 196.8 19:.2 173 .E . 21Ca0
NOX (15U} Frn 223.5 2:5.5% 24743 26700
NOX  15% 32 b-y 3.0 76,1 oy b §le3
NOX POr=Ty i T Ualt Lal® Uagd Q27 .
NOX( 150y Prf.3TU Ge29 0,29 Ued? Ce32
Bl MOX PPTP FuULL Gel 4.9 “eY 5e3
EL NAX (183 L 4 & 7 bk _tal
URG,ROX 10u% YLI 3.1 3,1 3,1 2.5
U2 CONC %vULeULyY 15403 1%.0¢ 15,13 1502
Loz $ VAL DaY @93l 6434 “«a43 3492
CO AT 1% 02 ORY 8.1 Be2Z He3 90
£l CO PPTP FUEL Qel 0,61 Uek?2 CeS
S02 POMy DRY 2046 20.5 003 lheo
DRY TO wET Vi 1e075% 1,079 leU/k leUTa
MMW (EXHAUST) 2beb5t 26457 CELa5Y Zbe60

G-22



TABLE 14

06/29/7b 106 37HCURS

EIRCALY REVISEL 4730/ (8
HOUSTON LIGHING ¢ POntK
MSTU0LC APKIL 1976

TEST PT 130=61M,~40GPN \l cuTPUT 6140 M

w
PATE 780424 NUX 976 PPLVI(RET)
bl i1 120G HHOIRS LEXLISUY A2 & Pory(wET)
BARUMETER 29,780 INS,HG, fiQ 53,6 PPUNV (WET)
1 (DRY) 83,3 DESLF, NO (] 5U) 62,9 PPMY (WET)
I (WET) 20 .8 DEGLF 02 15 14 vyl J{URY)
REL HUH, 53,¢ % CoZ 3,93 VIL, (YRY)
ABSerUide Uall32 LBY/LY 4% Te0 PPV uRY)
Loy lbdab Peis 1.0 o2l P V{sET Che
co1 628,0 DELLF, H2D 40,V GPI.
leGeV, 7746 CEGaF, Fuel 10,944 PPY
- : walipsr g - 0.1 L3s/Le ___ ..
COMU G LFFa 9Y.50 % Feos QeuiL B @ LY »7.
Fr.lesl [d=Va PN AXYGAR: gvz
FLOA FLUY Lo, ' ConCe.
WEX(DRY) MSCF/sik 2502663 254403y £Y%,6UtD 278350
wa Pl NN CLYNY S Lol U L0508
WA LLSL) k2l EgYeb 53,2 978,3 0493
MU TR OF COMNP. Te) A A% V.99 0«31l
r/h Cedlye C.0L197 Lely5s Ce01BED
_NOX Pin 19G, 1 lal.2 19247 Z06e5 .
NOA (150G) Pom 23e 2Qehq b 2¢L 43 daws9
HOA 15% L2 U=y 7446 Ta,l te,? 807
NOA DEuiTy 1k 41 Jeidb Call Cag® 027
NOX (150 PrMETJ Oa¢s Ve29y . Vedl 0e32
el WROX PPTH FukL 4.R 4,5 4,9 563
EL NOX(187) 2.7 hel 2l ba2
URG,NOX 100L% YL 3.1 EPRY 4,1 2y
U2 CUNC %ylpelaY 1%e13 15.0% 1541 15+01
[Ms¥4 Woyoh o fsy PPRE) 4,31 Py 393
CO AT 154 L2 LrY €40 7.9 EaU Be?
el CO PPTIP Futl Q40 Q400 Ueal Qe4a
502 pOMY DEY 203 20a6 €0e?2 L1Be0
DRY TO wET vaL leu?9 16079 leU/E 1eU74
MMW (L XFAUST) ) 2be5¢ 2p45¢ €Y 2800

G~23



TABLE 15

06/29/78  1043THUURS

EIRFALY REVISED 04730/ [
HOUSTON LIGHING & POREX
MSTOOLC APKIL 1978

1ES1 PT LeU=6105Mu=o0GPN \7) oL1PUT 61e50 He.
DATE TeGale [N 554 PPV (MET)
Llme 1600 RS s X IISUY bk PPy (WET]
BARUMETER 25,760 INS.HG. 10 Sle8 PPIVINET)
T (DRY) 8l.2 DECSF. NC (TS0 62614 PPHMV (WET)
I _(WET] 7‘1_'L\ DEL F‘ 02 15 10 AL '(URY\
REL JHU I, 6l,2 % CLe 3,87 VL, (VikY)
AR yerUe Velilal L5g/Ln Ct Y PRy {UgY)
Lo I Dais LitaC feal B2 v rlIyCha.
ot 824,0 DEGLF, HeU 40,V GP.~
leaGeV, T7.0 DEGeF. Fubi 1lsUb% PRS
_ T malffsbiitt  UenL  L35/L%
COMm EFL , 99,4 o, . Fto. CaUlb % Uy T,
FIales] L Ca DAYl (Ve
FLOw FLOW . CONG e OhCe
WEX (DRY) MSLF/Hn 2503440 £at2069 EhetnT3 2845513
ALY hah e Rbg & wni 3 —bl2%e9 .
_nh(150) Pre 5h5sc 5G4k S97.t vG3el
M2U T % OF Comey T TOTRT TGS T 0Ty T Cess
F/A Uet'}139 Lol lve VeulSe QeldL7/
NOX ED lobaeg 1Eb " 18T b o 2C et
HGX U] SL) Piin ccdal 273.% 2¢q ot Fy-TY-1
U A 15+ J¢ bRY 73.5 73,0 13,5 gle3
Lo o T o 1he T Ualdw Lialss - Vsl . loedo
HOA(1S0y Prigl Qs 28 Ue2S UeZY Ve32
el RIR PPTE OFJLL 4,7 P b,7 S54¢
Ll LOX(1$3) _fah ot 5.1 e Bed .. .
Uk, 0a 1oLk YLU 3.1 3.1 3.1 2ed
L L0 GVl e Y 1%.10 1%l 15019 1569
QU m v Uy Lo 3& 4a33 La3 e
QU AT loe L2 DrY §e2 hel Bel Sl
£l LU PPTF FUEL Uetl Oebl Uedl Cont
502 PPy DY 2034 20,% P 18s3
VRY TO Wil VL 1404} leCk1 1eUBY 1eUTa
MM (EXmAYST) 2be%5 25.5% 198X 25455

G-24



TABLE 16

06729778

104 37HUUES

ELQILI CEE S 'ALNS NI A V(S

HOUSTUN LIGHING § POWLF
MSTC01C APRIL 1978

15D=631%.=406PY \8

1ES1 PT ouTPLT 63,00 ",
DATE T8UL24 kisA %6l PPMy (WET)
Iime 1800 O« S NCX (TS0 AB LY POy (WET)
SARUMETER 29,780 INS,HG, ANO 51,9 PRIV {®ET)
T (VRY) 77,0 DEGLF, NOCTSO) 63,4 PPMY (WET)
I (wET) 20 u DEGLE _0z 15,07 yaL  (UkY)
REL  HUIt, 74,2 % coe 3,98 vak, (LRY)
ABSeqUlMe CaUleY 89/t cu Tev PRIV (LRY)
(&Y lot 2 pels Uig 2.8 PRIV WET (e
(821 61l6,0 DEG.F, H2U 40,0 G
JeGe Ve T160 DEGF, FueL 1leded PPS
- WEIER/PUEL Q.65 LBS/LE
COFbLEFF, 99,90 & F i 0. UGH % LY v1,
fob S TN L li AXYARN —_—wZ
FLOv FLOW CONC o CONC,
WEX(DKY) MSCF/hMK 29e5¢K7 25,7321 £5,9913 28+2305
_wa it CYRINI YN SIC.S AHlEeT.
WALLSO) PSS LbEGeL 593,3 59546 65001
“HIO % OF CUMe, T CTWg C.5F Va9 / T W50
/A UeU20Y 00199 Vellis ! 0.0l
NOX 1 lekbal loyal 1Yl 2066
NOAC1SU) Pie, ié%et 31, 233,40 2920
NOX 1% U LY 76,4 70,3 19,0 glel
NOX ppetT g il Usso Ga2e Vade . _Uedt
NOX (I150) PPHETu De 9 0.29 Veldy 032
£l NOX PPTF FULL bols 6,7 y? 51
El _LOXL1S53) $a2 .2 Y bl
UKG, Hx 10L% YLl 5.2 3,2 3,1 247
U2 CUKNC %vTLeD: Y 15«U¢ 154,01 Lhl.U/ 1554
L0ng w Vol DEY @ 40 4437 “pdd 390
CO AT 1b¢ U2 DY 8ol Te9 BeO 8.7
Bl QO PPTF FJll Qe4l Cec0 Veal Qe«
S02 poMy LY FI) 20,2 2045 1869
DRY TO WET VUL lelle l1eUo2 1eU82 14277
MMW (EXHAUST) 28454 28454 CE o5 2857

-—
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TABLE 17

/

06/29/78 10 37THUURS
_ FIRCALY REVISED 03/307/F

HOUSTON LIGHING ¢ PQWER
MS7001C APRIL 1978

TES! PT 16C=62tw \Q ouTPul 62,90 Ma
PAlL Tul624 LGX 130.8 PRiay (WET)
I e 2000 HAURS AOMLISUY Lwg 3 POy IntT)
B8ARUMETER 29,820 INS,HG, NO 123,86 PPVY (WET)
T (DRY) 73,5 DEGJF, nNOC1sW) 149,6 PPV (WET)
I _(WFT) 693 DEGLE c2 15,35 VoL (URY)
REL ¢ HUM ¢ dl,é % cLe 3,82 VoL (urY)
ABSe U e UeLled LRS/LY o e PRIy {LiY)
(Woll] labat Esle VLIS la2 poiy Wi T ke,
ol 6ldeb VEGeF. W7l Ue - TU
labeV, 7740 DEGeF. Futl 10832 PPS
Vip TELZPUEL Uy L33/LE

CUMDLEFH 35.99 FEt VelUH % by T

ETa1i 8T Crgica 2AYGE o Clg

FLOW FLOW CONC e CornCo
WEX{DRY) MSCF/9R 25eR&30 2600124 L6 VT 2belull
WA pes hhEL b 8§2¢ 1 LAY 6lé,5
Wi L350 pPrs YnYe b Y344 SYe.l 63%e¢
m2U % GF COMo. Ue Tu. T 0. 0.
kA UeU191 Lelll9y Veli LU Ve0170
NLX g 43y, 432, & 43K .4 wlle&
NCA (TS0 L] Sehael L3, L S50+ $70e0
NOX 15% ug VoY 17742 17¢ = 1rens lyles
[T -1 TS SR NV Len? U 87 Cab ! Qeol
NUX 15Uy PErRET. Geb9 Cet® Vet UeT4
Bl NGX PPTR FUIL 1102 11.2 1142 121
E1 NOY (1S5 13,5 13 ¢ IS last
URG, I 1SU% YLD 3.1 3,1 EY 2e7
Uz (DL Bvlieu Y 19431 1543 19435 telt
Clid G vl DY y31h ball weld Jel2
CO AT 15y 22 LPY 6.0 6e0 6ol 6e5
El L0 PPTP FULL Ue29 0630 Ve 3L Ved2
50¢ pPRMY_ ORY 197 1945 19,8 181
VRY TO WET  vuL 1.063 Y WY leUbC
My LEXAAUST) 28473 25473 Ik 2873

-
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TABLE 18
MATERIALS AND PROCESSES LABORATORY
SCHENECTADY, NEW YORK
ANALYSIS REQUEST-REPORT

REcziveD  5/24/78 _ ue. no.  78¢-1068
oRTED S5/31/78 SPECTRUM NO.

RECLESTES 8Y  R.A. Hiskanin BLOG. 262 aM. 105  EXT.

PCICT 10, . 3

SHO? ORCER 5318-443-309-112 OZPT. cc.

CESCRIPTION OF MATERIAL__Gas Turb, lab
Fuel Type €2 (4-26) HLeP
S4 209

X-Rav Scecirs . Part.
Requesied Net AA .emiss diff qual quant Probe Organfc Thermal Cas Study Other

MRt HHY ach, & X-ray: S___ Fvondale: H _IMcBride: Snee. Grav. & Yisc.@ 100°F

S Ndter 210°F, C residus, Distillatien curve,
Galbraith: C/H ratio aniline ot, —

RESULTS Y _(BTU/1b) 19,730
D. pom 2sh 2

p 3] *__0.008

y 3] 0.1

IH 13.55

3 H.0 <0.02

Sp. Gr. 2 150°F 0.£20
- Sp. Gr. 2 210°F 0.782

" Viscosity @ 10C°F  2.75
; Yiscosity @ 210° 1.07
3 *-*  Aniline Point °F 156 T
Carton Residue {107 Dottoms) 0.18
Distillation E E
Initia) Point 326 S0% Distilled 482
10% Distilled 396 607 . 502
20% - 422 702 o 526
30% . 440 80% " 550
407 - 464 90% - 576

.lnq;;ri.e-s ;h;ﬂid ‘:v.; d‘I're’c“.cd t:::‘Did< A/Cr”//rrr ,//))0{5 Hf 0" /-'/e‘ £xt. 5-2113
- T7




TABLE 18 CONCLUDED
PECEIVED  5/24/78 LAB. HO. 78C-1059
PORTED__5/01/78 SPECTRUIM NO.
REQUESTED 3Y R.A. Miskanin BLDG. 262 gM. 105 EXT.
FROJECT 10,
'SHOP ORDER 5818-440-300-113 OEPT. cc.
DESCRIPTION OF MATERIAL__ Gas Turb. Lab

Fuel Type #2 (4-22) HLSP

SN _2e8
Mnalysis X-Ray Soectro Part.
Requgsted et amiss d\ ff qual quant Prode Crganic Thermal Gas Study Other
n D 2 v s O Y
Hot: HKV, ash, N X-ray: § Evendale: H McB3ride: Spnc, Grav. & Visc, 8 100°F

% water 210°F, € residue, Distillation curve,

Galbrath: C/H ratio aniline pt.

RESULTS HHY (BTU/1b) 19,665

‘£ ppm ash 23
IN- 0.009
5 9.1}
IH 13.40
IH.,0 <0.02
Sp. Gr. @ 100°F . 0.323
Sp. Gr. @ 210°F 0.782
Viscosity & 100°F 2.59
Yiscosity @ 210°F 1.08
Aniline Point 155°F
Carbon Pesidue (102 bottoms) 0.29
Distiliation °F °F
Initial Point 326 50% Distilled 487
10% Distilled 401 602 . 503
202 . 428 70% . 528
302 “ 448 Los " 552
402 " 466 902 - 550

(3

Inquiries should be dirnctad to: /2,0 ¢ X/cr?'/,[,i,//-'},& Henpid o Ext. 5-2113
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TABLE 19

MATERIALS AND PROCESSES LABORATORY
SCHENECTADY, NEW YORK
ANALYSIS REQUEST-REPQRT

I LA3, M0, _ 79C-1068
s .‘-..'-_‘———_' o ——————
L ’ ¢7118 SPECTRLM }1O. _ AF)
@ i e ——— -
r .y £.4, Mislanin BLDG, 262 M, 105 £xT.
) ::‘é. Telgeee~dJ-114 QEPT. c2.

G3s Trb. Lab -

;013 OF MATERIAL,
. Fuel Type £2 (4-26) HLLP
- SN 289

© m———

e X-Rav Scectro Pars,
2=v'y538  pet AA emiSs diff qual quant Probe Orqanic Thermal Gas Study “lier

Tarasted D D D LJE[——l ] D DD;'Z

Galbraith: C/H ratio

S —
FESULTS agprox. £ in ash
in ma jor >10
Fb 0.3
Sn 0.2
Si 0.2
Fe 0.2
Cu . 0.1
Ca ' 0.04
) 0.02
v 0.01
M2 0.01 .
Al 0.002 -
] 0.093 .
¥in 0.004 e
Hi 0.003 -
¢ 85.07 .
] 13.23 - ..
Inzuiries shauld be dirscted tn: 73 /.1‘ K—-J«T‘ Ext. 5-2113




TABLE 19 CONCLUDED

RECEIvED__S/24/78 L8, M0, 7X-1069
REPORTED 6/7/78 SPECTRUM NO. 8F1
REQUESTED 8Y__ R.A. Miskanin 8LDG. 262 M, JUS  EXT,

FROJELT HO.

SEOP QRDER 5818-440-300-113 CEPT. CC.

DESCRIPTICN OF MATERIAL _ Gas Turb., Lab
Fuel Type #2 (4-22) HL&P
SN 288

Analysis X-Ray Ssectre Part.
Y Wet AA emiss diff qua! quant Prooe Organic Thermal Sas Study Other

S o I o o o o e [ Y o [

Galbraith: C/H ratio

RESULTS approx. % in ash
n ma for 210
Pb 0.2
fe 0.2
Sn 0.1
Cu 0.1
v . 0.08 .
Si 0.04
Ca 0.03
Ni 0.02
AL ] 0.0t
Mo 0.006
Al 0.005
Mn 0.002
C 84.83
13.07
Inquiries sheuld be directed to: /9 /JL /m Ext. 3-2113
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C total hydrocarbon emissions at base load with water injection.
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APPENDIX H
ANALYTICAL PROCEDURES
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FUEL, XAD-2

PARR BOMB

ELEMENTAL ANALYSIS FLOWSHEET

PARTICULATES FILTERS

!
FUSION NapCO3

1
COLORIMETRIC

BORONI(FUEL ONLY)

]
FLUOROMETRIC

|
HNO3, HCI
=

IMPINGERS

URANIUM (FUEL ONLY)

A.A. ANALYSIS

1
GRAPHITE FURNACE FLAME COLD VAPOR
“T_“ 1 I
Zn Hg
Sb Co Sn
Ba Cu Te
Be Fe TI
Bi Pb Ti
NiNO3 B Mn V
T Cd Mo Ir
Cr Ni

As,Se



APPENDIX I
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LBI ASSAY NO.

LBI SAFEZTY NO.

MUTAGENICITY EVALUATION CF

OIL FIRED GAS TURBINE NO. 1 SASS TRAIN
XAD-2 EXTRACT (IN METHYLENE CHLORIDE)

AMES SALMONELLA/MICROSCME

FINAL REPORT

SUBMITTED TO:
ACUREX CORPORATION
485 CLYDE AVENUE

MOUNTAIN VIEW, CA.
94042

SUBMITTED 3Y:

L3I PR0JEZCT NC. 20533

RESORT SATE: JUNE 1979

T"‘ SIONETICS
Litten

I-3
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Tnis repart cantains 2 summary oFf the cata campiied during the
svzluation of che t2s%t comoound. Thne renorz 1§ arganized =z 2Sressant
the results in a cancisa ang 2asily interoratzdie manner. The

first part cantains itams [-I1X. [tams [-IV arovida scansor znd
cmgound idantiticazien informaticn, tyce of assay, ind the orotacsi
referancs number. All protgcal rafarencas indica:: 3 standard cro-
cadura dascrised in the Littan 3ionetics, [nc. “Screening 2rogrzm

far the I[dentificaticn of Potantial Mutzgens and Carcincgens.” [lam Y

[tam Y] zrovides idcnti“cat:cn af suycervisary gersaonnel. E: i:
identifies the tabiss and/or figuras containing <he dz2tz used 2v Ing
study dirsctar in intarsreting the tast resul=3.  Tha inzerorsizicon
izsel? is in ttam JI[Il. Tltem IX gravicas che cancliusicn and svaiua-
ien.
The sagsnc 23rT iF the reogrs, 2ntitiad SRCOTICIL, cescrizas ine
matarials z2ng preocadurss =mp1~\e in zzncucting the zssay. This sars
of the razert zlsc contzins 2valuaticn crizariz used 2v the study
g¢iracter, and zny accengicas. The avaluaztion c¢ritzriz zrz includeg
Lo acsuaint the sconsar with the metnods usad to dsvelap and 2naivis
the t2sT resulis

ATT £zt and conerol resulss oresenczad in this reosrt zre sycoorzad
Sy AJTs/ documentad raw dati wnich arz cermanently meinczires in

the Fiias of tne Cesgartment of Genetics and C2il Zialogy or in 3Re
arcnives of Lition 3ionetics, inc., 3316 icholscn Lzre, Xensingizn

Maryland, 2079%.

~

EICNETICS

L.tton
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VIt

SPONSCR: Acurex Corporation

MATERIAL (TEST COMPQUMD): L3I ASSAY NUMBER 3986

A. Identification: O0i1 Fired Gas Turbine No. 1 Sass Train
XAD-2 Extract (in Methylene Chloride)*

8. Dats Received: February 23, 1979

C. Phys‘ica] Ces:r‘:pt‘ion: Clear ye'l]ow ]iquid

TYPE OF ASSAY: 2mes Salmcnella/micrascme Mutzgenesis Assay

PROTOCOL NUMBER: 401

| STUDY DATES:

A. Initiation: May 18, 1979

3., Ccmpietion: June 8, 1979

SUPERYISORY PERSOMNEL:

A.  Study Directar: D.R. Jagannath, Ph.D.
3.

Lzboratary Sucervisor: Sibyl Goode

The resulis of this sssav zrs resancad in Tadles 1 and 2.
INTERPRSTATION CF 2ESULTS:

The tast compoyng was 2xamined for mutacganic z
sarias of in vitro microdial 2ssays amgloving
indicator grganisms. The compcund was tsstad
in the gresencs of 1iver microscmal snzyme gre
Trom Aroclor-inducad rats.

The compound was tested dt four concentrations according

to the IERL-RTP procedures Manual: Level I (1977). The

compound was tested for its mutagenic activity as well as
for its toxicity at 0.01 mg, 0.1 mg, 1.0 mg and 10 mg per
plate.

The toxicity results presented in Table 1 indicate that
the test compound was not toxic at the doses employed in
these studies both in the presence and absence of meta-
bolic activation systems.

*See Sample Preparation and Handling.

I-5
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YITI.  INTERPRETATICM CF RESULTS {(continued):

The mutagenicity results presented in Table 2 indicate that
the test compound did not induce any genetic activity in any
of the test organisms employed in these assays. The results
of tests conducted on the test compound in the presence of

a rat liver activation system were also negative. The test
with TA-1537 was repeated in nonactivation and activation
assays because of high solvent values in the initial test.
The repeat tests were also negative.

[X.  CCNCLYSICNS:

The test compound, 0i1 Fired Gas Turbine No. 1 Sass train
XAD-2 extract (in methylene chloride) did not demonstrate
genetic activity or toxicity in any of the assays conducted
in this evaluation and was considered as not mutagenic under
these test conditions.

&
J.2. J&cannatn, rFh.C. PERH

lacticn Chiaf

[
3
(9]
()
v
s
o
[y

YT Eel

I-6



V. RESULIS

TABLE 1

A. HAME OR CODL DLSIGHAVIUN OF THE TEST COMPOUNO:  LIL FIRFD GAS TURBENE NOL SASS TRAIN XAD-2 EXTRACT (IN MEVHYLENE CHLORIDE)
B. SGEVENT:  CMSD
C. TEST INITIATION DATES: O0S/718/19  0%/73C/19
0. TFST CUMPLILEUN DATE:06/7087 19
£. S—9 LCTH#: CBO24
MOTE: CONCENTRATIONS ARE GIVEN [N MILLIGRAMS (MG) PER PLATE.
EINDICATGCR UORGANTIESMS (POPULATION/108)
YEST SPECIES 11SSUE TA-1535 TA-1537 TA-98 TA-100
1 2 1 2 1 2 1 2
NONACTIVALICN
SULVENT CONTEOL - -— 393 264 167 290 1853
POSITIVE CUNTRUL®# -— — 315 159 ulL 298 1649
TEST COHMPOUND
0.010000 M6  —-- —_— 341 280 153 221 440
0.100300 MG  —-=- —— 362 244 194 240 391
1.000000 MG ——- -— 346 202 125 305 353
10.CN0000 MG  —— - 326 261 VT 354 353
ACVIVATINK
SOL VENY CORTROL RAT LIVLK 378 3 149 351 400
PUSITIVE CONTKUL &% RAT LIVLR 551 191 101 312 331
TEST (OMPOUND
0.G1N000 MG RAT LIVER 437 284 153 388 389
0.100000 MG RAY LIVER 3nc 294 18 34l 348
1.C00000 MG RAT LIVER 383 291 186 402 3150
10.C00000 MG RAD LIVER 196 210 168 378 346
¥ LA
TA—-153%  SUDJUM AZIOE L UG/PLAYT VA-1535 2-ANTHRAMINE 2.5 UG/PLATE
FA-1537  9- AMINUACRIDINE 50 UG/ZPLATY TA-1537  2-ANTHRAMINE 2.5 UG/PLAIVE
TA-48 2- N1 VRO LUDKENE 10 UG/PLATE TA~98 2-ANTHRAMINE 2.5 UG/PLATE
TA-100  SODIUM AZIDE 1 UG/PLALL 1A-100 2-ANTHRAMINE 2.5 UG/PLATE

SULVENT

SC WL /PLATS
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V. RESULITS

20
io23

20
10

2
<

11

16
414

1EST CoMpaUND 3

Taptt 2

LU FIRED GAS TURDINE NOL SASS

2 1

4%
152

41
34
25

ORGANTESHMS

TA-153%

11
265

N~

55
1304

40
45
42
68

65
2926

TRALN XAD-2 EXTRACT

(IN METHYLENE

(REVERTANTS/PLATE)

124

1923

140
106
tLo
108

BG/PLATE
UG/PLATE
UG/PLAILE
UG/PLATE

A. NAME R CUBE DESTGNAT NN OF Tt
n. SULVINT S LCMSO
.. TOST AINITEARION DATES: 05718719
0. TUST CUMPILETLON DATL: 06708779
C. S~9 LLld:
NOTL: CONCEMYRAT TUNS ARE GIVEN IN MILLIGRAMS (MG) PER PLATE
1651 SPECLES  TISSUE
MOMAC T TVATICN
SOLVENT CUNTROL - -
POSITIVE CUNTRUL $¢ — -
1651 CUMPOUND
U.CLO000 MG ——— -
0.100000 MG -—- ——
1.000000 MG ——— -
10.€00000 MG ——— -
ACTIVALEON
SOLVENT CONTROL KAY LIVER
PUSTTIVE CURIROL¥®¢ Ral LIVER
LS COMPOUND
0.010000 MG AT LIVER
0.1C0000 MG RAT LIVER
1.C00000 MG RAT LIvVLER
10.COC000 MG KAl LIVER
L B3
FA=1935  Stm1Ud AZIDE
TA-1537  9-AFINOACH IO NE
1A-98 2-NITRUELUDELRE
IA-100 SN TUM ALLDE
SULVENT  9C UL/PLALE

C INDICATLS

COMIAMINATTUN

TA-1%35
TA-1%37
TA-93
TA-100

2-ANTHRAMINE
2-ANTHRAMINE
2—ANTHRAMINE
2-ANTHRAMINE

S UG/PLATE
»5 UG/PLATE
5 UG/PLARE
5 UG/PLATE

CHLORITDE)}



SAMPLE PREPARATION AND HANDLING

The test material was received as a solution in 1.2 ml
of methylene chloride and was stored at 4°C until solvent
exchanged. The entire sample was exchanged into DMSO by first
adding 2 m1 DMSQ and reducing the volume to 2 ml under a
stream of nitrogen in a warm water bath (33°C). Then 0.5 ml
DMSO was added and the solution evaporated again to 2 ml.
This last process was repeated once more, leaving the sample
in a final volume of 2.0 ml. This sample was stored at 4°C
until use in the cytotoxicity assay. Since the original test
sample represented 307 ft3 of exhaust gas, the solvent exchanged
sample corresponded to 153.5 ft3 gas/ml or 4346.5 L gas/ml.

A solvent exchanged DMSO blank was also prepared by the
above procedure, starting with 1.2 ml methylene chloride (same
volume as the original test material). Since the test material
did not exhibit any mutagenic or toxic effect on the indicator
organism in these assays, solvent exchanged DMSO blank was not
tested separately.

[]E] BIONETICS
Litton

I-9



Ltton

0BJECTIVE

The objactive

PROTOCOL NO. 401

AMES SALMOMELLA/MICRQSCME PLATE ASSAY

of =his study is to evaluats 3 test matarial for mutagenic

activity in a bacterial assay with and without & mammalian SS activation

system.

RATIOMALE

The Salmenella tychimurium strains ussd at LBI are all histidine

auxoTropns oy virtue or mutations in the nistidine cperon.

Wnhen theses

histidine-cenendent c21ls are grown in a minimal media petri plate con-
taining a trace of histidine, only these cails that ravert 20 nistidine

independence (his+) are able to form colonies.

Tre traces amount ofF

histidine allaws all the platsd bactaria %0 undsrgo 3 f=w givisions;

this growth is essential for mutagenesis to occur. 3
are easily scored as colonies against the slight background growth. The

Tne nis+ revertant

soantanegus mutation frsguency of each strain is relatively constant;
but when a mutagen is added to the agar, the mutation fraquency is
Calls which grow %o Tarm colgonies an the

increasad 2- to 100-fold.
minimal media petri plates are therafore

assumed to nave revertad,

either spontzneously or Sy the action of 2 tast substance to nis+

genotype.

AATERIALS

A. Indicataor Micrcarzanisms

The Salmenella tychimurium strzins usad in this z2ssay wersz obtained

from Or. 3ruce Ames, University of California at 3erkeley.

-

fallawing 5 strains are routinely usad.

T'V
ne

Strain Gene ~dditional Muzations Mutaticn Type
Cesignation Atfactad Repair LPS R raczor Catactad
TA-133% nis G Luvr 8 riz - 2ase-3air

substitutien
TA-1337 nis C 3 uvr 8§ rfa - ramesniTs
TA-98 is D A uvr B rfa pKM101 Frameshift
TA-100 his G A uvr B rfa pKM101 Base-pair
substitution
SIONETICS

I-10
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Litten

A1l the zbove strzins nave, mutation in the nistidine apercn, mutztion
(rfz") that leads to cefective lipcpalysaccharide coat, & deletion that
covers 22nes invoived in gﬁe SJnEnes1s of vitamin diotin (bio ) and in
the repair oF ultraviclet (uv) - inducad ONA damage (uvr3™). Tne rfz
mutation makes the strains mors germezble %o many large ¢ "orecunes.

The uvr3~ mutaticn decreasas rep=1r of soma types ¢F chemiciliy or
physically damaged OMA and theredy snhancas the strain's sansfeivity

£0 some mutaganic agsnts. The resistant fransder faczor plasmid

(R factor) oKM101, in TA-98 znd TA-1C0 is beiiaved &3 z2use 2n incrazse
in errar-arsne uNA renair that lezds to many more mutations for a given
daose of most mutagens:. In addizicn, olasmid 2KM1G7 confars rasistancs
to the antibietic ampicillin, which is a conveniznt marksr %0 detact
the presence of plasmid in the cells.

A1l indicactor

—

({7 w)

strains are keot at 4°C on minimal ed'um a.a:es
mentad with a tracz of fiotin znd an sexcass of histidine. °
with plasmid-cam rying strains contain in acdition ampiciilin {Z
to ensure stable maintanance of plc5m10 SKM101, MNew stack cuit
ciatas ars mada every two maonths frem the frazen maszar cuizurs
s1ngIa caleny reisalatas that were creckad for their genciypic
istics (nns, rra, yvrs, gﬂg) and for the arassancz of plasmid.
excerwnent, an inccuium from the stack cultures platas s ¢rown o
at 37°C in nutrient 5Sroth (Qxeid CH67) znd used.

o m c‘ nu n

:'ve med 'W&S ,oc=1 ﬂcnnef 4::1!. S it
ggar will c.nsis: ¢¥ 3.3% surifiad zgar wi
sictin zne C.1M MaCl zczorzing @9 zn

(1) S8 “eomogenaca

3

3,000 x ¢ sugernazant oresgrad Tr
at liver Tnducad 5y Arcclar 1251 (z2
was curchased from 3icnetics Licorzza
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EXPERIMENTAL QESIGN

A. Dosage Selection

The tasts are run at four concentrations according to the
EPA Level I Manual. The recommended doses are 0.07,

0.1, 1.0 and 10 mg per plate. Both mutagenicity

test1ng and toxicity testing are performed using

these four doses.

3. Mutagenicitvy Testinc

The procedur= used is based on the paper published by Ames
et al. 8 and is performed as Tollows:

{1) Monactivaticn Assay

To a Starile 13 x 100 mm test tuce placed in a 43°C watar

bath the follcwing is added in crdar:

(a) 2.00 m] of 0.8% acar containing 0.CS mM nistidine

and 0.0 mM bictin.

(9) 0.425 m1 of 2 solution of the fas: chemical %o
give approximate dose.

(¢) 0.1 ml - 0.2 ml of indicator organism/s.

(d) 0.20 m1 of 0.Q1M phosphate Suffer, oH 7.4,

Thnis mixzure is swirled cently and then 2oursc into minimal

agar platas (see 33, Media). Aftar the top acar as sat,
the platas are incubated at 379C for approxxma;e]/ 2 days.

The number of his+ revertant colonies growing in the plates

is counted and recorded.

(2) Activation Assay

The activeticn assay is run cencurrently with the nonaciiva
Ticn 3ss3av. The ¢niy divierencs is the addi 0.5 a1
29¥ 39 7ix (zz2e 3C:2, -c"v::'cr SvsTam, 12 Ine tuces n
pizce of 3.3 @1 37 gnesghata tutitsr wnich s in
noractivation assays. All ofher catails are ar s

the orocadure “or nonactivation assays.
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A datailed 1
is proviged i

=]

ow diagram 7Far the glatz incarzorition 2ssay
n Figure 1.

C. Contrgl Ccmoounds

A negative <cantrol consisting oF the soivent ussg “gr the zast
material s partormed in all casas. Far negative cantrols,
stan 'B' of Nonactivation Assays is raolzac2d by 0.05 ml of the

sclvent. The negative cantrals are employed for 22ch incicater
strain and is performed in the absancs and oresancz oF S$% mix.
The solvent used to prepare the stack soluticn of the tast
matarial is given in the Results seczion of this raserz. All
dilutions ¢ the fast matarial made using this scivent.

Specific sositive cantrol comocunds Xngwn 9 ravers 23¢n strzin
are aiso usad in the assays. 7Tne concsntraticns ang soecificitias
of these ccmpounds 9 specific scrains ara given in the folicw-
ing table.
Concantration
per Plata Saimcneiia
AsSsay Chemical Salvent f.q) Strains
lonactivetisn  Ssdium 3zias Watar i TA=-1333, TA-ICC
Z2-ditrofiucrane Jimetnyi- ILs:
{NF; sulfoxice
S-aminoacridine Zthangi 33 TA=1327
(3A4)
Activation 2-anthramine Jimezhyl - 2.3 Far 211 strzins
{ANTH) sulfoxide

D. Toxicity Test

To a sterile 13 x 100 mm test tube placed in a 43°C water bath
the following is added in order:

(a) 2.0 ml of 0.6% agar containing 0.05 mM histidine
and 0.05 mM biotin.

(b) 0.05 ml of a solution of the test chemical to give
approximate dose.

(c) 0.1-0.2 m1 of indicator cells (approximately 200 cells
from an overnight culture appropriately dilute)

(d) 0.50 ml of 0.01M phosphate buffer, pH 7.4 (for nonactivation
assays) or S9 mix (see 3c:2) (for activation assays)

This mixture is swirled gently and then poured over the surface of
nutrient agar plates. After the top agar has set, the plates are
incubated at 37°C for 2 days. The number of colonies growing on the
plates is counted and recorded.

I-13



PROTOCOL NO. 401

FIGURE 1

REVERSE MUTATION ASSAY
[Agar Inccrporation Method]

Moiten [43 to 45°Cj overlay agar
appropriately supplemented

0.05 mi Test article. positive
- centrol or scivent eantrol
0.1 mi toa 0.2 mli Aliguot of an avernight
culture of taclaria
| |
Aliquot of 0.5 ml SY . 7 0.3 mi $S3 mix [hepatic
buffer - =S8 89— homogenate from

PC8 pretreated rat
plus necsssary
cotactors|

'

Overlay pourad on selective
Bottom agar medium

Plates incubated at 37°C for approximately 2 cdays

Numkber of revertants per giate counted

7
Cata entered-onto preprinted forms

Interpretation/coneglusion
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Litzon

ALUATICON CRITZRIA

Statisticz] methods are not currsntly usad, and svaluation is 3asad ¢n

the criteria inciuded in this gretecal.

Plate test datz consists of direct raveriant coleny czunts obtzined frem

a sat qf se1ec:'ve agar plates seeced with popuiations of mutant cails
suspendad in a samisoiid overlay. B3eczusa che tast material and the
c2lls are 1nc¢cauac in the overlay forabprcxima;e]y 2 days and a faw ca
divisions accur during the incubaticn pericd, the ta2st is semiquanticz-
tive in nature. Although thess f2atures of the assay reducs Zhe
guantitatien of results, they provide csertzin 2dvantages not ccnizined
in a quantitative suspension tast:

The small number of ¢2ll divisions permics sasantial
mut2gens 9 act cn respiicaticn OMA, which is ofisn mors
sensitive than nonrsplicating IMA.

The comoined incubatian o the tast articls and the c¢2lls
in the overia/ permits constant a2xposurs of the indicatar
cells far dpproximately 2 days.
A.  Surviving Peoulaticns
Plata tast grocadures uo net cermit axact cuantitzticon mger
a7 c2lls surviving chemiczl gtreatmencz. AT lcw cancant: the
tast matsrial, the surv./1ng gopuiazicn on the zTrestms is
sssentialiy the same &s that on the negalive cantral 3 AT Aizgn
zancsntraticns, zhe surviving scpuieticn is usuaiiy re 3y seme
fracticn. Cur grotocel will normally emoloy saveral & inging
gver Twg or thrse lgg concsntrations, the nighest oF gses
taing sa7ec:aa €3 show slicht saxiceity as catzrmined ¢ zz3ivse
Critaric
g ogsa-<eszens2 “hencmena
The damonstration of Jose-relatad increzsas in mutaint ccunts is an
imoortant crizerion in sstazdlisning muzzgsniciiy. A Tacor that
mignt medify dosa-resconse resulcs For a mutigen weuld Se tne salac-
=ign of dosas that are 200 low (usuaily muzagenicity zng Zaxicicy
are relatad). [F the nighest dosa is 7zr lower then 2 toxic con-
cantration, no increasas may Se cosarved gver the dose range seiactad.
Conversely, if the lowest cose amployee is nighly ¢ytszoxic, the zas:
mazarial may xiil any mutancs that ars incduczd, 2and the 3s% Taiaris)
will not 2gcesr %3 e mutagenic.

BIONETICS
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. Contral T2s33

Positive and negative control assays will te conductad witn 2ach
experiment and will cansist of dirsct-zcting mutigens for nonactiva-
tion assays and mutagens that raquire met2tolic oiotrinsiormation

in activation assays. ‘llegative contrals wiil consist oF ne tast
matarial solvent in the averlay igar ctogether with ne ¢
assential cocmmonents. The negative control alate for 2
will give a refsrencsz goint o which the tast data will
The posiztive <antral assay will 2e conduczzd to damcnszIr
the tast systsms are funcifonal with known murtagens.

g naw

0. gvaluation Critaria for Ames Assay

Secausa the orocesdures to De used fo avaluata the mutacenicily of
tne tsst matarizl are semiquantitazive, tThe <rizaria 20 Ze ussd 2
gatarmine posisive affacts are innerantly sudjsctive znd zre fased
arimarily on a nAistorical daza basa. Mcst 2ata sats will e
evaluatad using the follaowing cricaria.

(1) Strains TA-1335, TA-1337

[f the soivent central value is wizhin the ncrmal range,
matarial thac oroducas 32 Jesitive 4cse resctonss gvar fhr

[
D w
1

cantrations wizth the nignest i{nsresse 2cud, 2 hres the
solvent cantral vaiue will g8 c3nsicerse %9 te mytzac

12)  Strains TA-38 and T2-120

I7 the sclvent contrel value is wizhin ne normal ringce, 2 tast
material that orgeucses 2 sesitive acse r2s2gnsa Zver Ihrse
conezniraticns with tne nichest increase scugl 2 twics Ire
soivent conirgl vaiue Tor TA-38 ang TA-1C0 will ce considaraag
£3 e mutagenic,

{3 Pittarn

Seczuse TA-133S and TA-100 ars zoth <erived “rom the sams
garantal strain (3-48) 3nd because TA-1333 :n¢ TA-23 zre zotn
gerivea from trne same zarsntal strain (130520, %2 scome sxzznT
tnere is 2 tyilt-in reaundancy in the mizrccie! assay n
generzl, the Two sTr2ing of 3 58T rasacng $2 Ihe sime mustagan
and such 2 zatiarn is scugnt. Geanerally, iF 3 strain r2zszonds
£0 2 mutagen in neonaczivaticn faszs, 1% 4l Zo sa ia 3gsiva-
zion tasts

2ICNETICS
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(¢) Reoroducibility

[f a tast matarial oroduces 2 respense in & s1ng7g tast het
cannot be raoroducad in additional runs, the initizl sosizive
tast data lgse significanca.

The ;raced1ng critaria are not abscluta, and other axtanuacing FzCTors
may entar intc a final avaluation decision. Howsever, thesa critaria
will te apoiifed %o the majority of situaticons 2nd ars grssantad

to 2id those individuals net familiar with this procadurs. As the
dat3 bases is increased, the criteria for evaluation can e were

firmly established.

g Relation hetwean Mufagenicitv znd Carcinccenicizcv

0
——

It must Se empnasized that the Ames Saimonelila/Mizrssoma

is not a definitive tast for chemical carcincgens. It is
however, that corralztiva and funciional ralzticns nave Seer
stratad Cetwesn these twe andpoints. The resulis of comoar
tasts on 300 chemicals oy McCann 2t al.* shew an sxtramely

corrsiation Setwean resuyits of microcoial mytagenesis t2s3is

in vive redent carcinaogenesis assays.

O cr

-

o 1) m b I 1 I )

n

All evaluaticns and intarsretation o
:“e Final rzeort wiil b2 based anly
af mutagenic activiny.
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J. MecCann, &. Choi, I. Yamasaki, and 3.M. Ames. Cezacziaon of
carcinogens 2s mutzgens in the Salmonella/microscme tast: Assay
of 300 cnemicals. Prec. Mat. Acag. Sci. JSA 72, $123-373¢ {(137%).

3.4, Ames, =
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Litton

PREFACE

This report contains a summary of the data compiled during the
evaluation of the test compound. The report is organized to present
the results in a concise and easily interpretable manner. The

first part contains items I-IX. Items I[-IV provide sponsor and
compound identification information, type of assay, and the protocol
reference number. All protocol references indicate a standard pro-
cedure described in the Litton Bionetics, Inc. "Screening Program
for the ldentification of Potential Mutagens and Carcinogens." Item V
provides the initiation and completion dates for the study, and

Item VI provides identification of supervisory personnel. Item VII
identifies the tables and figures containing the data used by the
study director in interpreting the test rasults. The interpretation

itself is in Item VIII. Item IX provides the conclusion and evalua-
tion.

The second part of the report, entitled PROTOCOL, describes the
materials and procedures employed in conducting the assay. This part
of the report also contains evaluation criteria used by the study
director, and any appendices. The evaluation criteria are included

to acquaint the sponsor with the methods used to develop and analyze
the test results.

A1l test and control results presented in this report are supported
by fu!ly documented raw data which are permanently maintained in
the files of the Department of Genetics and Cell Biology or in the

archives of Litton Bionetics, Inc., 5516 Nicholson Lanme, Kensington
Maryland, 20795.

Copies of raw data will be supplied to the sponsor upon request.

BIONETICS
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I. SPONSOR:  ACUREX CORPORATION

II. MATERIAL (TEST COMPOUND): LBI ASSAY NUMBER 3986
A. ldentification: 0i1 Fired Gas Turbine No. 1, SASS Train XAD-2 Extract
B. Date Received: February 23, 1979
C. Physical Description: Light yellow solution in DMSQ

III. TYPE OF ASSAY: y1-38 Human Cell Cytotoxictty Assay
IV. PROTOCOL NUMBER: special Protocol

V. STUDY DATES:
A. Initiation: May 29, 1979
B. Completion: June 5, 1979
VI. SUPERVISORY PERSONNEL:

A. Study Director: Brian C. Myhr, Ph.D.
B. Laboratory Supervisor: Robert Young

VII. RESULTS:

The data are presented in Table 1 on page 3 and in Figures 1 and 2
on pages 4 and 5.

VIII. INTERPRETATION OF RESULTS:

The methylene chloride extract of the test sample on XAD-2 resin,
after solvent exchange into DMSO, appeared to remain soluble in the
culture medium at the highest assayed concentration of 20 u1/mil.
Higher concentrations could not be tested because of the introduction
of greater than 2% organic solvent by volume. As shown in Table 1,
1% DMSO reduced the viability index, total protein, and total ATP to
about 70-80% of the untreated negative control; 2% DMSO reduced

these parameters even further to about 40-65%. The corresponding
concentrations of solvent exchanged DMSO were somewhat less toxic

to these assay parameters, showing that residual methylene chloride
does not contribute to the solvent toxicity. Because of the solvent
toxicity, the effect of the test material was measured relative to the

assay parameters obtained for the appropriate solvent exchanged DMSO
negative control.

BIONETICS

Litton
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VIII.

IX.

Litton

INTERPRETATION QF RESULTS (continued):

The most responsive assay parameter appeared to be the viability
index, although the protein and ATP contents started to decrease
similarly at the highest dose of 20 ul/ml. The percent viability
and ATP per 10° cells parameters gave no indication of any
toxicity. A 50% reduction was not achieved for any assay
parameter, but the curve for the viability index (Figure 1)
indicated that an EC50 would occur near 35 ul/ml. In terms of
the volume of exhaust gas represented by the DMSO test solution
(4346.5 L gas/m1), this EC50 corresponds to 152.1 L gas/ml.
Therefore, on the basis of the viability index and expectations
for the ATP and protein parameters, the test material appears to
yield EC50 values in the low toxicity region (100 L/ml to

1000 L/m1).

CONCLUSIONS:

The test material, SASS train XAD-2 Extract, 0i1 Fired Gas
Turbine No. 1, is evaluated as having Tow toxicity to WI-38
human cells. The viability index indicated an EC50 value
would be obtained near 152 L gas/ml1, and the ATP and protein
contents were decreasing in the same toxicity range.

Submitted by:

Study Director

Briaa WMl ¢ fn)74

Brian Myhr, Ph.D.7 date
Section Chief

Mammalian Genetics
Department of Genetics

and Cell Biolagy

Reviewed by:

Lo (1) 2 e

David J.dBrusick, Pn.D: ‘date
Director

Department of Genetics
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TABILE 1

WI-38 HUMAN CELL CYTOTOXICITY ASSAY

Test Date: MAY 29, 1979
LBl Assay No.: 3986

Test Malerial ldentity: 0i1 Fired Gas Turbine No. 1,
SASS Train XAD-2 Extract

Vehicle: DMSO/growth medium

Initial Cell Viability: 97 2¢

Viable 41-38 Cells Seeded/Flask:

Passage number: 28

TEST RESULTS
Average Values per Culture Flask

Sample  Concentrationi+ Viable Cells Total Cells Cellular Protein ATP 106 Cells Viah%lity Viabilily Viability Index

ATP Per

2.0 x 105

Expressed as Percenl of Negalive Control (NCp**

Protein ATP

_ wlm 105 Units 106 Units ug 10%fg___10° fgy o

NEGATIVE CONTROL --- .602 .610 145 50.4 82.6 98.7% 100.0 100.0 100.0 100.0

1% DMSO BLANK S.E.** .448 .449 101 43.3 96.4 99.8 101.1 74.4 69.7 85.9

14 DMSO+ . 446 .446 98 38.9 87.2 100.0 101.3 ILR! 67.6 77.2

2% DMSO BLANK S.E.** .463 .481% 80 131 68.8 96.3 97.6 76.9 55.2 65.7

2% DMSO .397 .406 55 21.3 67.2 97.8 99.1 65.9 37.9 54.2

TEST 0.5 .467 .473 100 13.3 91.5 98.7 98.9 104.2 99.0 100.0

TEST 2.0 .453 .454 102 33.0 85.9 99.8 100.0 101.1 101.0 90.1

TEST 5.0 .420 .425 91 39.4 92.7 98.8 99.0 93.8 90.1 9.0

TEST 10.0 AN .420 79 38.9 92.6 97.9 98.1 91.7 78.2 89.8

TEST 20.0 . . 325 .333 61 21.5 82.6 97.6 101.3 70.2 76.3 83.1

11pl] change in culture medium: None observed *EC50 VALUES: - o T
“* 1.2 nl methylene chloride solvent exchanged to 2.0 ml DMSO pl/ml >20.0 (35) >20.0 >20.0

**k or appropriate DMSO blank
*Determined from data plots in Figures 1 and 2 Toxicity T T T T T
Classification: Low toxicity

thAverage of 2 flasks

ATP Por
10%Cells

- 100.0
116.7
105.6
83.3
81.4

94.9

89.1

96.2

96.1

120.1

>20.0



FIGURE 1

£€50 DETERMINATION FOR

PERCENT VIABILITY (0) AND VIABILITY INDEX (0)
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FIGURE 2

ECS0 DETERMINATION FOR
PROTEIN (8), ATP (0), and ATP/108 CELLS (a)
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ASSAY PROTOCOL

1. 0OBJECTIVE

The objective of this assay is to determine the concentrations of
test material that reduces by 50% the number of viable cells, the
cellular protein, and the ATP content after a 20 hour exposure.
These concentrations are referred to as the EC50 values for

each measured parameter.

2.  MATERIALS

A. Indicator Cells

The indicator cells used for this study were WI-38 human
embryonic Tung fibroblasts obtained from Flow Laboratories, Inc.,
Rockville, Maryland. The cells were suppiied as confluent mono-
layers at passage numbers 23 or 24 in Eagle's Minimum Essential
Medium. This test system is specified by the Environmental Pro-
tection Agency's Level 1 Environmental Assessment Program.!

B. Medium and Cell Maintenance

The cells were maintained and treated in Basal Medium Eagle
(BME) supplemented with 10% fetal bovine serum, 2mM L-glutamine,
100 units/ml1 penicillin, 100 wg/ml streptomycin, and 1.0 ug/ml
amphotericin B (Fungizone). Subcultures were prepared twice
weekly at a 1:2 spiit ratio using 0.25% trypsin. Cultures were
discarded after the 35th subculture (passage).

C. Negative Controls

Five sets of negative control cultures, each in triplicate,
were carried through the same experimental time period as the
treated cells. One set was an untreated negative control con-
sisting of cultures exposed only to BME culture medium. Two sets
were solvent controls.containing 1% and 2% of the solvent-exchanged
DMSO blank, prepared as described below. In addition, two solvent
control sets containing 1% and 2% pure DMSO were assayed in order to
determine whether residual methylene chloride in the solvent-
exchanged blank was contributing to solvent toxicity. The average
viability, ATP content, and protein content of the solvent-
exchanged negative controls provided the reference points for
determining the effects of different concentrations of the test
material on the assay parameters. The 2% soivent-exchanged control
was the reference for the highest assayed concentration (20 ul/ml)
and the 1% solvent-exchanged control was the reference for the
remaining test concentrations.

BIONETICS
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2.  MATERIALS (Continued)

D. Sample Preparation and Handling

The test material was received as a solution in 1.2 ml
of methylene chloride and was stored at 4°C until solvent
exchanged. The entire sample was exchanged into DMSO by first
adding 2 m1 DMSO and reducing the volume to 2 ml under a
stream of nitrogen in a warm water bath (33°C). Then 0.5 m]
DMSO was added and the solution evaporated again to 2 ml.
This last process was repeated once more, leaving the sample
in a final volume of 2.0 m1. This sample was stored at 4oC
until use in the cytotoxicity assav. Since the original test
sample represented 307 ft3 of exhaust gas, the solvent exchanged
sample corresponded to 153.5 ft3 gas/ml or 4346.5 L gas/ml.

A solvent exchanged DMSO blank was also prepared by the
above procedure, starting with 1.2 ml methylene chioride (same
volume as the original test material).

3. EXPERIMENTAL DESIGN

A. Dose Selection

The solvent exchanged sample was tested from 20 ul/mi
to 0.5 ul/ml in five dose steps. The 20 ul/ml treatment was
the maximum dose because of the introduction of 2% DMSO in
the growth medium. A1l other concentrations were obtained by
1:100 dilutions of the test sample and dilutions thereof (using
DMSO) into the growth medium to give a 1% final concentration
of solvent.

B. Culture Preparation

Stock cultures were subcultured into 100-mm plastic culture
dishes 24 to 72 hours prior to use. This procedure provides a
population of actively growing, sub-confluent cells to initiate
the assay.

The cells were then suspended in BME culture medium by
treatment with 0.25% trypsin for 3-5 minutes and the cell number
determined by hemocytometer. A series of 25-cm? culture flasks
were seeded with 20 x 10* cells and 4 ml culture medium per flask.
The cultures were incubated overnight at 37°C in a humidified
atmosphere containing 5% CO2 to allow attachment of the cells and
resumption of growth.

BIONETICS
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3. EXPERIMENTAL DESIGN (Continued)

C. Treatment

The medium was aspirated from the cultures and 4 ml of BME
culture medium containing the test sample was applied. Three
cultures were exposed to each test concentration and solvent
exchanged DMSO blank. The flasks were then placed on a rocker '
platform in a 37°C incubator with a humidified atmosphere contain-
ing 5% C02. The flasks were slowly rocked for a 20 hour exposure
period. Any color changes in the culture medium caused by the
test material were noted and the pH determined in additional
treated flasks.

D. Cell Viability Assay

At the end of the treatment period, the medium containing
unattached cells was decanted into a centrifuge tube on ice.
The cel]l monolayer was washed with 1 ml 0.05% trypsin/versene
and this wash combined with the decanted media. The attached
cells were then removed with 2 ml of 0.25% trypsin at 37°C and
the suspended cells combined with the decantate. The cells from
each flask were thereby resuspended in 7 ml volumes for subsequent
analysis.

A 1.0 ml aliquot was removed for cell count and viability
determination. The aliquot was combined with 0.2 m1 or 0.5 ml
of 0.4% trypan blue and counted by hemocytometer about 5 to 15
minutes later. Between 60 and 154 cells were counted per flask
and the number of live (colorless) and dead (blue) cells were
recorded.

E. ATP Assay

ATP was immediately analyzed by extraction of a 0.1 ml cell
suspension sample with 0.9 m1 of 90% DMSQO. After 2 minutes at
room temperature, 5.0 ml cold MOPS buffer (0.01 M morpholinopro-
pane sulfonic acid) at pH 7.4 was added and the extract was
vortexed and placed on ice. Aliquots of 10 ul were injected into
a cuvette containing a luciferin-luciferase reaction mixture in a
DuPont Model 760 Luminescence Biometer. The Biometer was cali-
brated with standard ATP solutions to provide a direct read-out
of the ATP content. Each test sample was assayed three times to
demonstrate consistent readings.

F. Lowry Protein Assaz?

A 3.0 ml aliquot of the cell suspension was taken for protein
analysis by the Lowry method. The aliquot was centrifuged at 365 x g
for 10 minutes, the medium decanted, and the cell pellet resuspended
in 3 ml PBS. After two additional centrifugation washes with PBS,
the pellet was resuspended in 1.5 ml of PBS and frozen at -20°C or
analyzed immediately. A 1.0 ml aliquot was used for the Lowry assay.
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3.  EXPERIMENTAL DESIGN (Continued)

At the end of the color development period, the tubes were centri-
fuged to remove any particulate test material prior to making
absorbance readings at 750 nm. Lowry protein standard curves

were constructed with bovine serum albumin for each assay.

4.  REFERENCES
LIERL-RTP Procedures Manual: Level I. EPA-600/7-77-043, April 1977.

2Lowry, 0.H., Rosebrough, N.J., Farr, A.L., and Randall, R.J.:
Protein Measurement with Folin Phenol Reagent. J.Bio.Chem.,
193:265-275, 1951.
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ASSAY ACCEPTANCE CRITERIA

The assay will be considered acceptable for evaluation of the test
results if the following criteria are met:

1. The passage level of the cells (number of subcultures) prior to
use in the assay does not exceed 35.

2. The percent viability of the WI-38 cells used to initiate the
assay is 95% or greater.

3. At least 1.5 x 10° cells are seeded per flask. The untreated
negative control cultures must increase in cell number by at
least 2-fold over the 20 hour treatment period.

4. A sufficient number of data points (for five test concentrations
or less) are available to clearly locate the EC50 of the most
sensitive test parameter within a toxicity region as defined under
Evaluation Criteria.

5. The data points critical to the location of the EC50 for the
most sensitive parameter are the averages of at least two treated
cultures.

6. [f all the test parameters yield EC50 values greater than 1000
ug/ml or 600 ul/ml, the plotted curves for any parameter will not
exceed 120% of the negative control.
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ASSAY EVALUATION CRITERIA

The EC50 value represents the concentration of test material that
reduces an assay parameter to 50% of the negative control value.
ECS0 values are determined graphically by fitting a curve by eye
through the data points associated with each test parameter plotted
as a function of the logarithm of the applied concentration. Each
point normally represents the average of three culture flasks for
each treatment. Statistical analysis is unnecessary in most cases
for evaluation.

The evaluation of the test material is based upon determinations of
the EC50 values for five parameters: percent viability (ratio of
viable cells to total cells x 100% for each treatment), viability index
(ratio of viable cells for each treatment to viable cells in the nega-
tive control x 100%), cellular protein, total ATP content, and ATP

per 106 cells. Except for the ATP content, these parameters are
specified in the EPA Procedures Manual.! The ATP content will gener-
ally be a more sensitive parameter than ATP per 108 cells because any
cell loss due to treatment will increase the latter parameter. ATP
released into the growth medium by disrupted cells contributes to the
ATP measurement.

The toxicity of the test materijal is evaluated as high, moderate, low
or nondetectable according to the ranges of EC50 values defined in the
following table. The actual concentration of extract at the ECS50 is
converted to the equivalent volume of exhaust gas per milliliter of
culture medium prior to the evaluation. The assay parameter yielding
the Towest EC50 will ¢lassify the test material.

Toxicity* EC50 Values

High EC50 < 10 L gas/ml

Moderate EC50 range of 10-100 L gas/ml
Low ECS0 range of 100-1000 L gas/ml
Nondetectable ECS0 > 1000 L gas/m]

*Formulated by Litton Bionetics, Inc., under contract to the
Environmental Protection Agency, Contract No. 68-02-2681.
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