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INTRODUCTION

Exhaust emissions from two gas turbine units were monitored to determine
compliance with the City of Philadelphia, Department of Health, Air Management
Services Permit issued on December 12, 1988. The testing procedures followed
the Environmental Protection Agency (EPA) regulation entitled "Standards of
Performance for Stationary Gas Turbines" (40 CFR 60, Subpart GG). A
complete set of comphance tests were performed on one of the turbines and a
second identical turbine unit was spot checked for emissions at load conditions
equivalent to the first to demonstrate compliance at similar operatlon settings.
The turbine units tested were located at the Sun Oil Refinery in Philadelphia,
Pennsylvania. The tests were conducted on April 30-May 2, 1991.

The unit's power sources are two Westinghouse Model W301-G gas
turbines powering electric generators. The generators produce peak power for
use as both the refinery's and the city of Philadelphia's auxiliary power system
during potential "brown out" periods of power consumption.

Quantities of nitrogen oxides (NOx), carbon monoxide (CO), particulate
matter (PM), and other combustion products were measured in the turbine
exhaust stacks. The units were fired on fuel oil, which is the only fuel source

- .provided for these turbines (See Appendix C for fuel analyses).

The turbine test matrix consisted of performing three test runs at each of
four different load conditions (test runs C-1 through C-12) to document the
water-to-fuel ratio required to assure exhaust emissions of NOx less than 0.3
Ibs/MMBtu. The water injection rate, fuel flow, turbine load, and other key
operational parameters were monitored during each test run. An additional series
of four tests (test runs C-13 through C-16) were conducted on the second turbine
at load conditions similar to the first to demonstrate that its emissions were the
same under the equivalent water-to-fuel ratios.

The emission tests were conducted by Cubix Corporation. The tests
followed the procedures set forth in the Code of Federal Regulations, Title 40,
Part 60, Appendix A, Methods 1, 2, 3a, 4, 5, 9, 10, 20 and 25a. Fuel samples
were collected for the analysis of sulfur by ASTM method D-4294. Table 1
summarizes the background information pertinent to these tests.

This test report has been reviewed and approved for submittal to the City of
Philadelphia, Department of Health, Air Management Services, and the U.S.

Protectlon Agency (EPA) by the followmg ﬂpresentanvef

keting Co. Cuglx Corpdration




Source Owner/Operator:

Test Contractor:

Process Description:

Permits and Regulations:

Test Dates:
Location:

Emission Sampling Point:

Test Participants:

Table 1
Background Data

Sun Refining and Marketing Company
Philadelphia Refinery

3144 Passyunk Ave.

Philadelphia, Pa. 19145

Attn: Bob Partridge

Cubix Corporation

9925 Lockhart Hwy

Austin, Texas 78747

Attn: Rick Krenzke
(512) 243-0202

Two Westinghouse Model W301-G fuel oil fired
combustion turbines powering electric generators.
The turbines are equipped with water injection for
NOx control.

City of Philadelphia Air Management Services
Permit issued on December 12, 1988.

April 30-May 2, 1991
Sun Oil Refinery, Philadelphia, Pa.

Power turbine exhaust stack. See Appendix H for
diagrams.

City of Philadelphia, Environmental
Protection, Air Management Services
Robert W. Scott

Bill Bianco, Jr.

Sun Oil Philadelphia Refinery
Bob Partridge

Power Tech Associates Inc.
Jim Borden



Test Methods:

Cubix Corporation
Rick Krenzke

John Survis

Kevin Janak

NOx and O, by EPA Method 20.

CO by EPA Method 10.

CO, by EPA Method 3a. |
Hydrocarbons by EPA Method 25a.
Volumetric flow by EPA Methods 1 and 2.
Volumetric flow by EPA stoichiometric
calculations (EPA O, based "F" Factors)
Exhaust moisture by EPA Method 4.
Particulate matter by EPA Method 5.
Opacity readings by EPA Method 9.
Fuel Sulfur content by ASTM D-4294,



Exhaust emissions from a Westinghouse Model W301-G gas turbine unit
were tested to determine compliance with the emission limits set forth in the City
of Philadelphia Permit issued on December 12, 1988. A second identical turbine
unit was also spot checked for emissions at load condititons equivalent to the first
to demonstrate compliance at similar water-to-fuel ratio settings. These tests
followed the procedures established in The Code of Federal Regulations, Title 40,
Part 60, Subpart GG. The power generation units tested are located at the Sun Oil
Refinery in Philadelphia, Pennsylvania. The tests were conducted on April 30-
May 2, 1991.

Tables 2 and 3 summarize the test conditions and observed emissions during
the 12 test runs when turbine unit #2 alone was fired on fuel oil. These tables
represent the results of three test runs conducted at each of four turbine power
load conditions ranging from lower to peak load conditions. These runs were
performed at the predetermined water-to-fuel ratio (0.3:1) required to meet the
NOx mass emission rate limits at all load conditions. Table 4 is a summary of the
test conditions and observed emissions during the 4 test runs when turbine unit #1

- was fired on fuel oil at the same 0.3:1 water-to-fuel ratio as the other turbine.

These results also demonstrate NOx emissons <0.3 1bs/MMBtu limit.

Figure 1 is a graphical summary of the NOx emission measurement data
obtained from preliminary tests designed to determine the appropriate water-to-
fuel ratio required to meet the NOx mass emission rates over the applicable range
of power turbine loads. This graph presents the NOx emissions as a function of
turbine power load (megawatts) and water-to-fuel ratio. The graph demonstrates
the optimum water-to-fuel ratio (0.3:1) required to meet the NOx mass emission
rate limits.

Tables 5 and 6 summarize the particulate matter emission tests from the
firing of the turbine unit #2 on fuel oil. Test runs numbered PM-1, PM-2 and
PM-3 were conducted with the turbine at 100% load. Subsequent test runs
numbered PM-4 through PM-6 were conducted with the turbine at 90% load.
The particulate matter emissions are reported in terms of both the EPA and
Pennsylvania Department of Environmental Resources' (PDER) definitions of
particulate matter. The EPA defines particulate matter as the material captured in
the nozzle, probe, and filter (front-half analysis). By comparison, the PDER
defines particulate matter as including the material captured by the nozzle, probe,
filter and the insoluble matter collected in the water impingers (front-half + back-
half insoluble analysis). As approved by PDER, this back-half analysis was
conducted on only one run from each set of particulate matter tests. See
Comments and Observations for a detailed discussion of the results of these tests.

4



The EPA's regulation entitled "Standard of Performance for New
Stationary Gas Turbines” (40 CFR 60, Subpart GG) limits turbine emissions by
specifying a maximum NOx emission concentration standard. While this standard
is not applicable for the purposes of this permit, the emission concentrations are
still reported using these units of 15% O, at ISO day conditions for comparison,
A sample calculation for correcting NOx to 15% O; and ISO day is shown in
Appendix A. '

The City of Philadelphia Air Management Services Permit also regulates the
maximum allowable sulfur content in the fuel oil. For these units, the maximum
allowable sulfur content is 0.2% by weight. The results of the fuel oil sulfur
analyses for these tests are presented in Appendix C of this report. All samples
were below this value.

The maximum allowable mass emission rates, as stated in the City of
Philadelphia Air Management Services Permit for both power turbine units firing
fuel oil are summarized below:

Fuel Qil Firing
NOx (Ibs/MMBtu) 0.3
Sulfur (% in Fuel Oil) 0.2
PM (Ibs/MMBtu) 0.1

The actual measured mass emission rates (average of 3 test runs per unit)
determined by this testing program (fuel oil firing) are summarized below:

Fuel Oil Firing
~ Unit #2
NOx (IbsyMMBtu) 0.28
Sulfur (% in Fuel Oil) 0.15
PM (IbsyMMBtu-100% Load) 0.084
PM (Ibs/MMBtu-90% Load) 0.045

The exhaust flow rate values were estimated by two methods. The first
method involved stoichiometric calculation of the exhaust flow based on EPA F
factors, fuel flow, and the observed O, concentrations. The second method used
an S-type pitot tube coupled with a manometer per the specifications of EPA
Methods 1 and 2. Comparison of the two methods revealed a significant
difference between the flow measurements. Upon further analysis of this
discrepancy, it was determined that the stoichiometric EPA O, "F" factor
calculation was the most accurate of the two flow measurements. Thus, all gaseous
and particulate emissions are based on the stoichiometric flow calculations. For a
detailed discussion of this comparison, see the Comments and Observations and the
Analytical Techniques section.



Table 2 : Summary of Results
Gaseous Emission Test Runs C-1 to C-6

Unit # 2, Fuel Oil
Sun Oil Corporation
Cogen Philadelphia, PA
Westinghouse 301-G
Unit # #2 #2 #2 #2 #2 #2
' Test Number C-1 C-2 C-3 c-4 C-5 C-6
Date 4/30/91 5/1/1 5/191 5/1/91 5/191 5191
Start Time 1648 815 901 948 1034 1118
Stop Time 1839 847 933 1020 1106 1150
 Turbine Operation
Power (MW) 18.3 17.9 17.7 21.83 21.75 21.75
Power Turbine Speed (rpm) 3600 3600 3600 3600 3600 3600
Exhaust Temp. (TTXC-F) 634 656 663 724 733 735
Compressor Discharge (psig) 735 72.5 725 73.8 74.0 74.0
Reference CPD (psia) 86 86 86 86 86 86
Fuel Flow (gal./min) 38 374 372 42 42.5 422
Fuel Flow (Ibs/hr) 16142 15888 15803 17842 18054 17927
Heat Input (MMBtu/hr) 311.8 306.8 305.2 344.6 348.7 346.2
H20 Flow (lbs/hr) 4843 4766 4741 5352 5416 5378
H20 Flow (gal/min) 9.804 9.649 9.598 10.836 10.965 10.888
H20-to-fuel Ratio (1b/1b) 0.300 0.300 0.300 0.300 0.300 0.300
Fuel Specific Gravity 0.82 0.82 0.82 0.82 0.82 0.82
Fyel Heating Value (Btu/1b) 19313 19313 19313 19313 19313 19313
Ambient Conditions
Barometer (in. Hg) 29.88 299 29.9 29.9 29.9 29.90
Temperature (°F dry) 77 70 70 76 76 78
Temperature (°F wet) 69 58 58 61 61 62
| Humidity (1bs/1b of air) - 0.0131 0.0074 0.0074 0.0078 0.0078 0.0080
[Measyred Emissions
NOx (ppmv) 325 - 325 32.8 38.1 38.7 395
NOx (ppm @ 15% O2) 66.1 673 67.9 70.2 69.6 71.1
NOx (ppm @ 15% O2, Humidity) 75.1 68.6 69.2 722 71.6 73.3
NOx (ppm @15% 02, ISO Day) 70.4 66.0 66.6 67.8 67.1 68.3
CO (ppmv) 35.0 34.0 34.0 320 324 33.0
02 (%) 18.00 18.05 18.05 17.70 17.62 17.62
CO2 (%) 2.22 2.09 2.10 2.43 2.44 2.48
THC (ppmv) 2.5 30 1.8 1.8 2.3 2.5
Stack Flow Rates (SCFH)
02 Stoichiometry 2.07E+07 | 2.07E+07 | 2.06E+07 | 2.07E+07 | 2.05E+07 | 2.03E+07
Fyel Fo Factor 1.31 1.36 1.36 1.32 1.34 1,32
[Mass Emissions
NOx (Ibs/hr) 80.39 80.51 80.81 94.39 94.65 95.93
NOx (Ibs’MMBtu) 0.26 0.26 0.26 0.27 0.27 0.28
CO (Ibs/hr) 52.64 51.21 50.94 48.21 48.18 48.73
[THC (Ibs/hr as methane) 2.15 2,58 154 1.55 1.91 2.11

Testing by Cubix Corporation, Austin, Texas




Table 3 : Summary of Results

Gaseous Emission Test Runs C-7 to C-12

Unit # 2, Fuel Oil
Sun Qil Corporation
Cogen Philadelphia, PA
Westinghouse 301-G
Unit # #2 #2 #2 #2 #2 #2
Test Number Cc-7 C-8 c-9 c-10 C-11 C-12
Date 5/1/91 5/1P1 5/191 5/191 5/1P91 5/191
Start Time 1201 1246 1331 1438 1521 1610
Stop Time 1233 1318 1403 1511 1555 1643
Turbine Operation
Power (MW) 24.8 24.8 24.8 26.25 26.7 26.9
Power Turbine Speed (rpm) 3600 3600 3600 3600 3600 3600
Exhaust Temp. (TTXC-°F) 792 795 805 836 835 837
Compressor Discharge (psig) 75.5 75.0 74.8 75.8 75.8 75.5
Reference CPD (psia) 86 86 86 86 86 86
Fuel Flow (gal./min) 4575 46.25 46.1 49.03 49.1 49
Fuel Flow (Ibs/hr) 19435 19647 19583 20828 20858 20815
Heat Input (MMBtu/hr) 3753 3794 378.2 4023 402.8 402.0
H20 Flow (1bs/hr) 5830 5894 5875 6248 6257 6245
H20 Flow (gal/min) 11.804 11.933 11.894 12.650 12.668 12.642
H20-to-fuel Ratio (Ib/1b) 0.300 0.300 0.300 0.300 0.300 0.300
Fuel Specific Gravity 0.82 0.82 0.82 0.82 0.82 0.82
Fuel Heating Value (Btu/Ib) 19313 19313 19313 19313 19313 19313
Barometer (in. Hg) 29.90 29.90 29.90 29.90 29.90 29.90
Temperature (°F dry) 80 81 82 82 83 84
Temperature (°F wet) 62 63 62 62 63 63
Mﬁﬂb&_@lr} 0.0075 0.0079 0.0070 0.007Q 0.0075 0.0072
i
NOx (ppmv) 43.8 445 45.2 - 470 47.0 47.5
NOx (ppm @ 15% 0O2) 70.8 715 73.1 71.1 71.1 70.9
NOx (ppm @15% O2, Humidity) 72.4 737 74.1 72.1 72.6 722
NOx (ppm @15% 02, 1SO Day) 66.5 67.8 67.9 65.7 66.1 65.6
CO (ppmv) 29.0 29.0 27.0 26.0 26.0 252
02 (%) 17.25 17.23 17.25 17.00 17.00 16.95
CO2 (%) 2.78 2.81 2.79 3.00 3.00 3.00
THC (ppmv) 2.5 2.0 2.0 2.3 20 2.0
Stack Flow Rates (SCFH)
02 Stoichiometry 1.98E+07 | 1.99E+07 | 2.00E+07 | 1.99E+07 | 1.99E+07 | 1.96E+07
[Fuel Fo Factor 1.31 131 131 1.30 1.30 1,32
igsions
NOx (1bs/hr) 103.63 105.86 107.76 111.53 111.69 111.23
NOx (Ibs’/MMBtu) 0.28 0.28 0.28 0.28 0.28 0.28
CO (1bs/hr) 41,72 41.95 39.14 37.52 37.57 35.88
[THC (Ibs/hr as methane) 2.06 1.65 1.66 1.90 1.65 1.63

Testing by Cubix Corporation, Austin, Texas




Gaseous Emission Test Runs C-13 to C-16

Table 4 : Summary of Results

. . Unit #1, Fuel Oil
Sun Qil Corporation
Cogen Philadelphia, PA
Westinghouse 301-G
Unit # #1 #1 #1 #1
Test Number C-13 C-14 C-15 C-16
Date 5/1/91 51/1 5/1/91 5/1/91
Start Time 1657 1809 1856 1947
Stop Time 1729 1841 1928 2019
Turbine Operation
Power (MW) 17 22.5 25.2 28
Power Turbine Speed (rpm) 3600 3600 3600 3600
Exhaust Temp. (TTXC-°F) 667 743 787 818
Compressor Discharge (psig) 71.0 71.0 74.0 78.0
Reference CPD (psia) 86 86 86 86
Fuel Flow (gal./min) 37 43 47 50
Fuel Flow (Ibs/hr) 15718 18266 19966 21240
Heat Input (MMBtu/hr) 303.6 352.8 385.6 410.2
H20 Flow (Ibs/hr) 4715 5480 5990 6372
H20 Flow (gal/min) 9.546 11.094 12.126 12.900
H20-to-fuel Ratio (Ib/1b) 0.300 0.300 0.300 0.300
Fuel Specific Gravity 0.82 0.82 0.82 0.82
Fuel Heating Value (Btu/lb) 19313 19313 19313 19313
Ambient Conditions
Barometer (in. Hg) 29.90 29.90 29.90 29.90
Temperature (°F dry) 84 79 78 77
Temperature (°F wet) 63 61 60 60
Humidity (1bs/Ib of air) 0.0072 0.0071 0.0067 0.0069
Measured Emissions
NOx (ppmv) 36.2 430 48.5 50.0
NOx (ppm @ 15% O2) 73.6 73.5 759 74.7
NOx (ppm @15% 02, Humidity) 749 74.6 76.4 75.6
NOx (ppm @15% 02, ISO Day) 69.8 70.6 71.3 69.1
CO (ppmv) 36.0 32.0 29.0 28.0
02 (%) 18.00 17.45 17.13 16.95
CO2 (%) 2.15 2.67 2.90 3.09
THC (ppmv) 2.0 1.0 1.5 1.5
Stack Flow Rates (SCFH)
02 Stoichiometry 2.02E+07 1.97E+07 1.97E+07 2.00E+07
Fuel Fo Factor 1.35 1.29 1.30 1.28
Mass Emissions
NOx (Ibs/hr) 87.18 101.17 114.13 119.47
NOx (Ib/MMBtu) 0.29 0.29 0.30 0.29
CO (1bs/hr) 52.72 45.78 41.50 40.68
THC (Ibs/hr as methane) 1.67 0.82 1.23 1.25

Testing by Cubix Corporation, Austin, Texas
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Table § :

Particulate Matter Test Data
Fuel Qil
Stack Flow Rate Data

Sun Qil Corporation
Cogen Philadelphia, PA
Westinghouse 301-G

|Unit # #2 #2 #2 #2 #2 #2
Test Number PM-1 PM-2 PM-3 PM-4 PM-§ PM-6
Date 5/191 5/2/91 5/2/91 5/2/91 5281 51291
Start Time 1610 940 1205 1555 1705 1920
Stop Time 1643 1124 1345 1628 1846 2056
Turbine Operation
Power (MW) 26.9 29.5 295 26.5 26.5 26.5
Power Turbine Speed (rpm) 3600 3600 3600 3600 3600 3600
Exhaust Temp. (TTXC-°F) 837 819 819 780 779 775
Compressor Discharge (psig) 755 80.0 79.5 78.0 78 78.5
Reference CPD (psia) 86 86 86 86 86 86
Fuel Flow (gal./min) 49 522 51.8 43.2 48.1 48.1
Fuel Flow (lbs/hr) 20815 22175 22005 20475 20433 20433
Heat Input MMBtwhr) 402.0 428.3 425.0 395.4 394.6 394.6
H20 Flow (Ibs/hr) 6245 6652 6601 6143 6130 6130
H20 Flow (gal/min) 12.642 13.468 13.364 12.436 12.410 12.410
H20-t0-fuel Rado (1b/1b) 0.300° 0.300 0.300 0.300 0.300 0.300
Fuel Specific Gravity 0.82 0.82 0.82 0.82 0.82 0.82
Fuel Heating Value (Br/lb) - 19313 19313 19313 19313 19313 19313
Ambient Conditions
Barometer (in. Hg) 29.90 29.82 29.82 29.92 29.92 29.92
Measured Emissions
02(%) 16.95 16.83 17.2 17.2 17.28 17.25
CO2 (%) _ 3.00 3.14 3.12 2.87 2.85 2.85
Stack Flow Rates (SCFH)
02 Stoichiometry 1.96E+07 | 2.03E+07 | 2.21E+07 | 2.06E+07 | 2.10E+07 | 2.08E+07
Fuel Fo Factor 1.32 1.30 1.19 1.29 1.27 1.28

Testing by Cubix Corporation, Austin, Texas
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Testing by Cubix Corporation, Austin, Texas
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COMMENTS AND OBSERVATIONS

The testing of emissions from the Westinghouse turbines located in the
Sun Oil Refinery, Philadelphia, Pa., offered several technical challenges to
Cubix Corporation. Items such as high exhaust temperatures (due to the fact
that these were simple cycle turbines with no heat recovery), stack
configuration, port location, and the design of the turbine inlet air system
required special attention to testing techniques and the approval of testing
approaches by the city agency personnel. This section of the report will discuss
the problems discovered by and the solutions employed by Cubix during the
field testing program.

The location of the test ports did not meet EPA criteria for velocity
determination by EPA Methods 1-4. It was determined that the ports were
located in an area of turbulent flow, thus invalidating the stack velocities
determined by EPA Methods 1-4. The velocities determined by the EPA "F"
factor calculations appeared to be more accurate. Based on vendors data on
fuel consumptions, it was easily determined that the fuel flow that would be
required to produce the amount of exhaust gases determined by pitot tube .
measurements were not at all realistic or even possible. This data was presented

" .to Mr. Robert Scott of the City of Philadelphia Air Management Services.

From this data, an approach was conceived to use the stoichiometric "F" factor
flow rates for gaseous testing. Particulate matter tests were conducted
isokinetically using the pitot tube A P's. The results of the particulate matter
tests were expressed in terms of Ibs/dscf. This result was then multiplied by the
volumetric flow rate determined by "F" factors for each run, resulting in
particulate emissions expressed as lbs/hr. This term was then divided by
MMBtu/hr of heat input, resulting in mass emission rates of particulate matter
as lbs/MMBtu (per permit requirements).

The PM testing of unit #2 went smoothly (ie., % isokinetics, sample
vacuum, predicted volumes, and leak checks were all within expected limits),
however, two observations were made during the testing which may qualify in
explaining the results. On run PM-1, when the filter and probe wash were
examined, tiny pieces of rubber were found. It was believed that the high stack
temperatures (> 800 °F) caused deterioration of the viton o-ring used to seal the
probe liner and probe sheath. This viton o-ring was replaced with high
temperature fiberglass string to prevent this deterioration. The particles of
rubber were not removed from the filter or probe wash; Cubix believes that
this was the reason that the results from PM-1 were high. It may be more
accurate to determine the actual PM emissions from the second and third test
runs only.
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At the beginning of the the second test run (PM-2), the wind was blowing
at about 20-30 mph. Upwind of the turbine inlet were several piles of sand
used for plant construction. It was noted by Cubix that clouds of sand were
being blown by the wind directly into the turbine air inlet ducts. These ducts
did not employ filters, thus it was assumed that these sand particles could travel
the entire combustion gas path unobstructed and would be captured on the
particulate matter filter. Cubix notified Sun of this potential problem and Sun
watered the sand to keep it from becoming airborne. A visual observation of
the particulate matter filter confirmed that a few grains of sand did appear on
the filter. No attempts were made to remove this sand, and still the emission
rate for this run demonstrated compliance with the particulate matter
lbs/MMBtu limit.

Along with the PM test runs, opacity readings and total hydrocarbon
(THC) concentrations were recorded. This was done to help predict if the
particulate matter emissions from the #1 turbine unit (not tested for PM) were
similiar (by comparing the opacity and THC emissions) to the unit tested. The
opacity and THC concentration results from unit #1 were slightly lower than
from unit #2. From this observation, it may be safe to assume that the actual
PM emissions from the #1 turbine are equal to or less than the unit #2's PM

" .emission rate.

Finally, as required by PDER regulations, one test run from each test
series was chosen to perform back-half analysis on. This analysis included
saving the impinger catch from these runs and pouring this catch through a
series of preweighted filters with different filtering size characteristics. The
results of these back-half analyses are included in Table 6 and, as expected,
make little difference in the final mass emission rates reported.
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PROCESS DESCRIPTION

Sun Refining and Marketing Company owns and operates the Sun Oil
Refining facility in Philadelphia, Pennsylvania. Within this refinery are two
Westinghouse Model W301-G simple cycle turbines coupled with electric
generators for the production of electricity. The exhaust emissions from these
units are the subject of this report. The turbines are rated at 29,000 Peak KW at
3600 rpm and bare the serial numbers 17A1744-1 & 2 (designated as units #1 and
#2 respectively). The generators will each supply approximately 29 MW
(depending on ambient conditions) at peak load to both the refinery's and the city
of Philadelphia's electric utility grid only during periods of electricity
curtailment. The hot exhaust gases from the turbine are ducted through a
horizontal section and then through a series of straightening vanes installed within
the vertical section of the exhaust stack. These straightening vanes were
positioned approximately 4 ft. upstream of the sampling ports.

Each unit has one exhaust stack located downstream of the turbine.
Sampling on unit #2 was performed from four sample ports located on the 14 ft.

" .1D. vertical vent stack approximately 44 ft. from ground level. Sampling on

turbine unit #1 was conducted from the horizontal section of the exhaust duct.
Field sketches of the turbine stack configurations are contained in Appendix H of
this report.

14



ANALYTICAL TECHNIOUE

Turbine exhaust emissions from a Westinghouse Model W301-G gas
turbine were tested to determine the quantities of specific compound emissions.
These measurements are the subject of this report. A second identical turbine unit
was also spot checked for emissions at load condititons equivalent to the first to
demonstrate compliance at similar water-to-fuel ratio settings. Exhaust gas
measurements were performed by Cubix Corporation on April 30-May 2,1991 in
order to determine compliance with the City of Philadelphia, Department of
Health, Air Management Services Permit issued on December 12, 1988. This
section of the report outlines the test methods and procedures used during the tests
as established by the Code of Federal Regulations, Title 40, Part 60, Appendix A,
Methods 1, 2, 3a, 4, 5, 6, 9, 10, 20, 25a.

Twelve gaseous emission test runs were conducted on the Westinghouse
W301-G turbine unit #2. Three test runs were performed at each of four
different loads. The testing at four different load conditions conformed to the
procedures established by the The Code of Federal Regulations, Title 40, Part 60,
Subpart GG (§ 60.335(2)). The purpose of this testing was to demonstrate the
water-to-fuel ratio required to meet the concentration emission limit for NOx (0.3

" 1bs/MMBtu).

Four more gaseous emission test runs were conducted on the Westinghouse
turbine unit #1 to confirm that the same water-to-fuel ratio established on unit #2
would meet the concentration emission limit for NOx on unit #1.

Finally, six test runs were conducted to determine particulate matter
emission rates on unit #2; three at 100 % load and three at 90 % load. The
particulate matter test runs were supplemented with opacity readings and
measurements of total hydrocarbon concentrations. This was done to better
predict if the unit not tested for PM (unit #1) was also in compliance with PM
limits. ’

Test run C-1 served to satisfy Method 20's requirement for an initial O,
traverse to identify the 8 sample points of lowest O, concentration among the 48
sample traverse points in the exhaust stack. No identifiable differences in the
emission concentrations were found during the 48-point sampling traverse of the
gas turbines' exhaust. After this initial determination of a well mixed exhaust, all
subsequent sampling was performed at eight randomly selected points in the stack
(all from the same port due to ease of access).

The sampling and analysis procedures used during these tests conformed -
with those outlined in 40 CFR 60, Appendix A. Method 20 was used to determine
nitrogen oxide (NOx ) and oxygen (O2) concentrations; Method 10 was used to
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determine carbon monoxide (CO) concentrations; Method 25a was used to
determine total unbumed hydrocarbon (THC) concentrations; Method 3a was used
to determine carbon dioxide (CO;) concentrations; Method 5 was used to
determine particulate matter emissions (PM); Method 9 was used to determine
stack emission opacity; an EPA stoichiometric "F" factor was used to determine
stack volumetric flow.

Gaseous Emissions

The sampling and analysis system used to determine gaseous emission
concentrations is depicted in Figure 2. Stack gas enters the system through a
stainless steel probe with a glass wool filter. The sample is transported via 3/8-
inch heat-traced Teflon® tubing to a specially designed stainless steel minimum-
contact condenser which dries the sample without removing NOx. The sample is
then passed to ground level through 3/8" Teflon® sample line via a stainless
steel/Teflon® diaphragm pump and into the sample manifold. From the manifold,
the sample is partitioned to the analyzers through glass and stainless steel
rotometers for flow control of the sample.

All instruments were housed in an air conditioned, trailer mounted, mobile
laboratory. Gaseous calibrations standards were provided in aluminum cylinders

" with the concentrations certified by the vendor. EPA Protocol No. 1 was used to

determine the cylinder concentrations where applicable. Provisions were made to
introduce the calibration gases to the instruments via two methods: 1) directly to
the instruments via the sample manifold quick-connects and rotometers, and 2)
through the complete sampling system including the sample probe, filter,
condenser, sample line, manifold and rotometers. The former method was used
for quick convenient calibration checks. The latter method was used to
demonstrate that no alteration of the sample occurred due to leakage, reactions, or
absorption within the sampling system (Sample System Bias Check). NOx
calibration gases were introduced into the sample system and the response was
compared with that of the gas introduced directly to the instrument. No
appreciable difference was noted (<2%). NOx calibration gas was used for this
check because it is the most reactive pollutant measured.

The stack gas analyses for NOx, CO, CO2, Oz, and THC were performed by
continuous instrumental monitors. Table 7 lists the instruments and detection
principles used for these analyses. |

NOx and O, measurements were made by EPA Method 20. The NOx
analysis employed a chemiluminescent analyzer and the O; analysis used a
paramagnetic analyzer. The NOx values were calculated as if all the NOx was in
the form of NO,. This approach corresponds to EPA's convention, however, it
tends to overestimate the actual NOx mass emissions since the majority of the NOx
is in the form of NO which is less dense (i.e. Ibs of emissions per ppmv
concentration) than the NO; form of NOx.
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The stack gas analyses for CO2 concentrations were performed by Method
3a. An instrumental analysis (infrared absorption) was used in lieu of an Orsat or
a Fyrite procedure due to the greater accuracy and precision provided by the
instruments.

Total hydrocarbon (THC) emission concentrations were monitored during
the tests using EPA Method 25a. The flame ionization detector calibration was
based on methane equivalents.

CO emission concentrations were quantified by EPA Method 10. A
continuous nondispersive infrared analyzer was used for this purpose. The
detector used was of the gas filter correlation type. This type of detector
eliminates any possible interference due to water vapor or CO, in the sample.

All emission and calibration data from the continuous monitoring
instruments were recorded on two synchronized 3-pen strip chart recorders
(Soltec Model 1243). These recorders were operated at a chart speed of 30
centimeters/hour and record over a 25-centimeter width. Strip chart records may
be found in Appendix B of this report.

Stack volumetric flow measurements were conducted in accordance with

"EPA Methods 1 and 2 and additionally by EPA’s stoichiometric "F" factor

calculation. Twenty-four velocity traverse points were selected by EPA Method
1. An S-type pitot tube coupled with a calibrated Magnehelic guage was used to
determine the pressure head at each traverse point in the stack. Velocity traverses
were made prior to test run C-1 since mass emission rate standards (Ibs/MMBtu)
were applicable. The pitot tube used for these measurements met the dimensional
criteria of EPA Method 2.

The two stack volumetric flow methods were compared prior to beginning
compliance test C-1. This comparison revealed that the pitot tube flow
measurements were approximately 20% higher than the stoichiometrically
calculated flow. Further investigation showed that the pitot flow measurements
were probably the least accurate of the two methods due to three contributing
factors: 1) The sample ports were located approximately 0.3 stack diameters
downstream of a flow disturbance (straightening vanes) and 0.4 stack diameters
upstream of a flow disturbance (exit). These sample port locations did not meet
the dimensional criteria for EPA Method 1 ( 2 dimeters downstream, 0.5
diameters upstream). 2) The delta P's for the pitot flow readings varied from 0.8
to 3.0 and were pulsing badly, thus indicating turbulent flow probably associated
with the straightening vanes being located too close to the sample ports, and 3)
turbulent flow would normally indicate higher than actual exhaust flow, which .
was demonstrated in this case. In addition, evidence to support the stoichiometric
flows was exemplified by the fuel Fo calculatons falling within the predicted Fo
range for fuel oil combustion (1.26-1.43). Because of these factors, and with
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approval from the City of Philadelphia Air Management Services, all volumetric
flows were determined by EPA "F" factor calculations based on fuel flow and o))
exhaust concentrations. .

Process data were collected by Cubix personnel from the available control
room instrumentation during each test run. Key operation data collected included
steam injection rate, COMpPressor discharge pressure (i.e. combuster inlet
pressure), turbine speed, power output (MW electricity) and fuel flows. The unit
operators also keep logs of unit operations. Copies of these operational data sheets
can be found in Appendix I of this report. During the tests the operation load of
the turbine was maintained as steady as possible within the operating constraints of
the system.

Cubix personnel collected ambient temperature, absolute pressure and
humidity data during each test run. A wet/dry bulb sling psychrometer was used

to determine temperature and humidity conditions. An aircraft-type aneroid
barometer (altimeter) was used to measure absolute atmospheric pressure.

Particulate Matter (PM)

The sampling and analysis procedures used during these tests conform in

- principle with the methods outlined in the Code of Federal Regulations, Title 40,

Part 60, Appendix A, Methods 1, 5, EPA's stoichiometric "F" Factors and the
Pennsylvania Department of Environmental Resources Source Testing Manual.

The sampling system used to determine particulate matter emissions is
depicted in Figure 3. The particulate matter sampling equipment used was a
Nutech Model 201 sampling train manufactured by Nutech Corporation of
Research Triangle Park, North Carolina. Stack gas enters the system through a
heated stainless steel probe with a stainless steel nozzle. The sample is then passed
through a heated glass fiber filter. The filter has been preweighed in accordance
to the specifications set forth in EPA Method 5. The sample is then transferred
through an ice bathed impinger train. This impinger train contains four
preweighed impingers. The first two impingers contained approximately 250 ml
of deionized water, the third impinger was empty, and the fourth contained silica
gel desiccant. The exhaust gas is then drawn through an air-tight pump. After the
pump, the gas volume is measured by a calibrated dry gas meter and exhausted.
(A copy of the calibration certification of the meter, orifice and nozzle can be
found in Appendix E.)

Particulate matter sampling was conducted at twenty-four sample points, in
accordance with EPA Method 1. The sampling was conducted isokinetically for
3.5 minutes at each point. The total sample time was 84 minutes for each run. _

The volume collected was approximately 54 dscf. Particulate matter field data
sheets can be found in Appendix D of this report.
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Figure 3

Particulate Matter Sampling System Diagram
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At the completion of each particulate matter test run, the sampling train was
leak checked. All test runs met the requirements for leak checks. All leak checks
were conducted with at least 10" Hg vacuum. After the post-test leak check, the
probe and nozzle were washed with acetone to remove adhering particulate
matter. The front end washes were preserved for evaporation. Also, a blank of
deionized water and acetone was kept for analysis of contaminants.

Stack gas physical properties, moisture content and molecular weight, were
determined for each test run via EPA Methods 1-4. Velocity head pressures were
taken at twenty-four traverse points during each test run. Stack volumetric flow
measurements were calculated in accordance with EPA's stoichiometric "F"
factors since it was determined prior to testing that the "F" factor calculations
were a more accurate assessment of the actual stack volumetric flow. '

The stack gas analyses for CO2 and Oz concentrations (molecular weight
determination) were performed in accordance with procedures set forth in EPA
Method 3a. Instrumental analyses were used in lieu of an Orsat or a Fyrite
procedure due to the greater accuracy and precision provided by the instruments.
A nondispersive infrared analyzer was used for CO; concentration analyses. O
concentration analyses were performed via a paramagnetic analyzer.

A preliminary test run was conducted on April 29, 1991 to determine stack

emission parameters such as stack velocity, stack temperature, flue gas molecular

weight, and moisture content. These parameters provided data to calculate a K-
factor and to allow selection of a nozzle. The K-factor used was 0.68. The nozzle

size selected was 0.00025 ft2,

After the preliminary tests were completed, six independent test runs were
performed on the unit while the turbine was firing fuel oil. Three test runs were
performed with the unit at 100% load and three runs were conducted at 90% load.
The arithmetic average of the three test runs for each set of conditions is reported
as the emission rate from this source.

All six runs were conducted isokinetically. All six test runs were within the

ten percent margin for isokinetic sampling. See Appendix A of this report for
isokinetic calculation worksheets.
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Gaseous Emissions

Each instrument's response was checked and adjusted in the field prior to
the collection of data. The instrument's linearity was checked by first adjusting
the instrument's zero and span responses to zero nitrogen and an upscale
calibration gas in the range of the expected concentrations. The instrument
response was then challenged with other calibration gases of known concentration.
The instrument's response was accepted as being linear if the response of the other
calibration gases agree within X 2 percent of range from the predicted values.
(The response of the infrared absorption type CO and CO, analyzers is
electronically linearized.)

As a minimum before and after each test run, each analyzer was checked
for zero and span drift. This allows each load condition to be bracketed by
calibrations and documents the precision of the data just collected. The criterion
for acceptable data is that the instrument drift no more than 2 percent of the full
scale response. Results of these zero and span checks may be found on the strip

- _chart data (Appendix B) and on QA worksheets (Appendix F) in this report.

Interference response tests on the instruments were conducted by the
instrument vendors and Cubix Corporation. The sum of the interference
responses for the NOx, CO, CO, and O, analyzers is less than 2 percent of the
applicable full scale span value. The instruments used for the tests meet the
performance specifications for EPA Methods 10 and 20. Documentation of the
manufacturer's interference response tests are contained in Appendix F.

The residence time of the sampling and measurement system was estimated
using the pump flow rate and the sampling system volume. The pump's rated
flow rate is 0.8 SCFM at 5 psig. The sampling system volume is 0.139 scf.
Therefore, the minimum sample residence time is approximately 10.4 seconds.

The NOx and O, sampling and analysis system was checked for response
time per the procedures outlined in EPA's Method 20. The average NOx
analyzer's response times were 0.61 minutes upscale and 0.65 minutes downscale.
The O, analyzer's response times were 0.76 minutes upscale and 0.88 minutes
downscale. The results of these response time tests are contained in Appendix F.

The sampling system's integrity was tested by comparing the response of the
NOx analyzer to a calibration gas introduced via two paths. The first path was-
into the analyzers via the zero/span calibration manifold. The second path was to
introduce a calibration gas into the sample line at the sample probe. Any
difference in the instrument responses by these two methods was attributed to 23



sampling system bias. The criteria for acceptance is agreement within 2% of the
full scale range of the analyzer. NOx sampling system bias checks are required
by Method 20. Results of the sample system bias check are presented in Appendix
F.

The sampling system was leak checked by demonstrating that it could hold
a vacuum greater than 10" Hg (17" Hg actual) for at least 1 minute with a decline
of less than 1" Hg. No leakage was detected.

The efficiency of the NO, to NO converter housed in the NOx analyzer was
checked by having the analyzer sample a mixture of NO in N, standard gas and
zero air from a Tedlar® bag. When this bag is mixed and exposed to sunlight the
NO is oxidized to NO, over approximately a 30 minute period. If the NOx
instrument's converter is 100% efficient, then the NOx response does not decline
as the NO in the bag is converted to NO,. The criterion for acceptability is a
demonstrated NOx converter efficiency greater than 90%. Results of the
converter efficiency test are presented in Appendix F.

The calibration gases used to calibrate the instruments were analyzed and

certified by the compressed gas vendors to £ 1% accuracy. EPA Protocol No. 1
was used, where applicable, to assign the concentration values traceable to the

" National Institute of Standards and Technology (formerly the National Bureau of

Standards), Standard Reference Materials (SRM's). Calibration gas certifications
may be found in Appendix E of this report.

Particulate Matter (PM)

EPA Method 5 quality assurance activities began during preparation for
sampling. All glassware was thoroughly acid washed, rinsed, dried and stored
with protection to prevent contamination. Preweighed glass fiber filters were
installed into the filter holders and capped with rubber septa. Other filters were
sealed against contamination and packed safely. The meter box was checked for
proper operation and calibration. Fresh deionized water was brought for the
washing of the sampling train. A blank of this water was kept in a sample
container and retained for evaporation and weighing for contaminants.

All EPA Method 5 particulate matter weighings were conducted on a
Mettler H6T balance. This balance has a 160 gram capacity and a 0.0001 g
sensitivity. The balance was leveled and zeroed before each series of weighings.
All weighings of filters were repeated until there was a 0.0005 gram agreement
between consecutive weighings, thus indicating a constant weight. All items were
desiccated for 24 hours before weighing and 6 hours between consecutive
weighings.
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The sample train was leak checked with the nozzle in place before and after
every test run. In all cases the leakage rate was less than 0.02 CFM. Likewise the
pitot tube lines were leak checked at 5" of water for a minimum of 15 seconds to
ensure that stack pressure head measurements were accurate.

Particulate matter emission testing was performed using Nutech Model 201
sampling equipment manufactured by the Nutech Corporation of Research
Triangle Park, North Carolina. All equipment meets EPA guidelines for EPA
Methods 2 and 5. An 8-foot heated probe was used to collect the sample.
Buttonhook nozzles were used to sample the gas stream. During sampling, the
filters were heated to 250 °F (+ 25 °F). The condensate was collected in glass
impingers. A standard rotary-vane pump was used to draw the sample from the
source, and the amount of gas collected was measured by a calibrated dry gas
meter.

At the completion of each particulate run, the probe, nozzle and filter
holder were washed to remove adhering particulate matter. The front end washes
for the six test runs and one set of back-half catches for each test series were
preserved for evaporation and filtration. As specified by the Pennsylvania
Department of Environmental Resources Source Testing Manual, only the back-

. half analysis for insoluble particulate was conducted on one run from each set of

particulate matter tests. This involved pouring the impinged liquid through a
series of preweighed Whatman cellulose nitrate filters (0.8 um, 0.45 um, and
0.2um) while pulling a vacuum on the system to collect any remaining insoluble
particulate matter.

Filter blanks and blanks of all solutions were prepared and analyzed for
contaminants in exactly the same manner as the samples were handled and
analyzed. These blanks met the requirements set for the amount of contaminants
in being less than 0.001% by weight.

Equipment calibrations and certifications may be found in Appendix E of
this report.
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EXAMPLE CALCULATION

O, BASED F FACTOR EMISSION CALCULATIONS

Date: f’ /’57/ , Gaseous Fuel

Plant: Sun D1l P41y Fuel Flow (SCFH) Na
Stack:_leshy, hovse ‘3JQ1—G“2 Gross Calorific Value (Btu/SCF)
Technician: K7 LTk . TS Fuel Specific Gravity Ne
Test Run: #(C— ] I-"g Factor (DSCF/MMBtu) na

Other Fuel fuel O// #2
Nox /0.4 co, 2.22  Fuel Flow (lb/hr)__ [b/4 2

NO __ pa THC 2.S Gross Calorific Value (BTU/1lb)_ /9313
NO,_Aa 0, _/§.00 Fuel Specific Gravity O.g2
Co_35.0 F, Factor (DSCF/MMBtu)__9220

Calorific Fuel Flow

Gaseous Zg(MMBTU/hr) = SCFH Fuel Flow x Btu/SCF x 10~ -6
Ne = Nne X na x 1078
Other Fuel Z, (MMBtu/hr) = 1b/hr Fuel Flow x Btu/lb x 10”8
2)). 28 = _Jbl¥Y2 x /63/3  x 1078

Flue Gas Flow (DSCF/hr)
Qd = (Zg X Fg) + (Zl X Fl)

. 6F ;\'/oé = Nna X Ng y + ( BI.FS x 9220 )

Emissions (lbs/hr)
E (1bs/hr) = [C (1bs/DSCF)] x Qg (DSCFH) x 20:%/50 9 = 4 02 -

L

Eyo, €0.29 = 1 32.S ppm x 11.94(1078)] x 2.8 x 299/ 9 - 5 0D 3
Evoy (bdmBr) = F0.3%B5%he /31 ¢ mmprsne = _O: Q b by matu

B S2.5l = (250 pom x 7.26(1078)] x 2.8Txi0" x 20950 o _ £.00




MISSION CALCULATION WORK T

Date:_5- /- 9] _ Average Concentration (dry basis)
Plant:_ Swn 0/ Pho’lk}; NOx__32.§ ppm
Source: i mnghouse, 201-6 2 COo___3s5.0 ppm
Technicians:_ kT @€¢ TS O2__ /¢ 00 %o
Run:_ _# C- ' CO2__ 222 %
Time: Start_Jc 4§ _ Stop /529 THC___ 2. S ppm -
ckV etr w ry basi ﬂAMPLE cm_ﬁ“\_lﬂ\ﬂ“
| Qd = 60x Qa x 3528°R x _Ds x Fd

Ts 29.92 " Hg
Qd = 10588 x Qax Ps x Kd

7 Ts :
2.07x/0 = 02 F Ficor Stoichiometric Flows

VA =1058.8 x _Npr ACFM x e "Hgx _ne %

VA °R 100
. NOx Emissions as NO2 (Ibs/hr)
Enox = 11.94 x IQ-S x Qd x CNox
£0.29 = 11.94 x 108 x 2.02¥0’SCFH x _32. S ppmv
CO Emission r
Eco = 726 x 108 x Qd x Cco
S2.SL = 726 x 108 x 207x0° SCFH x 35 O ppmv

ission S

Etac = 415 x 108 x Qd x Crue

2.]S = 415 x 108 x2.0%¢7 SCFH x 2. S ppmv



Turbine Exhayst Concentration Standards
(40 CFR 60 Subpart GG and Appendix A, Method 20)

Date_ S- | -9]

Plant__Sun 0,/ PA;Hg M r ncentration
Stack_(Jeshnghwse. 30|-L NOx_ 232.S
Technician__kKr @y, TS S02_na

Test Run__# C - O2_J/S 00O -

Time- Start_Jt 4§ Stop /8§39

ncanatizs to 153 EXAMPLE CALCULATION

NOx @ 15% O2 = NOx Measured x 5.9
20.9 - %02 Measured
ol | = 32 S X 5.9
: 209- /£0 0O %
| N niration ndition
. ' 0.5
NOx (EPA Corrected) = NOx (@ 15% Q2) x P ref psia X
. " Hg + P obs psig
2.036
19( H Ib/lb - 0.00633) 1.53
2.718 X 519 °R
480 + T amb
' 0.5
0.4 - GL. ] X (6 psia) X
(D98% " Hg)+( 73-S_psig)
2.036
19( 6.031 Ib/lb- 0.00633) 1.53
2.718 X 519 °R
/133 460 + _ 2 A °F
Definitions 0.65
Standard ISO Day: Temperature = 519°R, Pressure = 29.92 * Hg, '

Humidity = 0.00633 ibs/ib dry air
NOx (EPA Corrected) : Predicted NOx emission concentration at ISO Day Conditions and 15% Q2
NOx (@ 15% 02) : Predicted NOx concentrations with 15% O2 in the flue gas assuming 20.8%
02 in air .
P ref : Absoiute pressure at combuster iniet at 29.92 " Hg ambient pressure
P obs ; Absolute pressure at combuster inlet at ambient pressure test conditions
H : Ambient specific humidity (Ibs moisture/ Ib dry air)
T amb : Ambient temperature at test conditions (°F)



R L e

Date: L/ - ?D’OH Dryv Gas Meter No. ’/\/U-‘€o"/~

Plant: Suw Ol Philly DGM Correction Factor (Kd)/ .92/
Staclc: Weshnaore 70I- & Uwit¥2  DGM Absolute Pressure (Pm) 06492
Technician: 3 .,TS Test Run No, _Z—
i : | 5 | s
Contents \ ‘ .
mel W, | Con ¥ | wos |dssg | IR0 2537 2
reiviel we 7.7 | L33 lswy |7my | $12.0
Total Weight Gain of all Impingexs (Mwc) = _26. 2 grems E,0
Time Meter Rd. Leak Check Mefer Temp.
Initial [[:2% (5%3/)7 > é|f‘§3*/*u~’1i§")"“‘/ L‘(%F) .‘
Final 12 9 30, L 0,0 <t 21 " H- i
Vaet _22.) Average %/emp.li_g__

Tm = Average Temd 7 + 460 S3Y.s °2 = 4. S Op + 480
vav,, xE, 229 7= 23] =t7nevx 0992/(xd)

(mwe)  (1.335) iize=s

Moisture Traction= = H0
Mwe)  (1.335 ) litexs (v) (*M) : ; likers °R
\: = HZO] [ (T‘“ g (499.4) 223 in. ¥g
) . 1.
Dog,g - (QL ) (1.333)
(229 Y2432
[( 26.72) <1.335):‘ + [ T -3»%15,) (499.4)
Moleculax
Wweights Moisture Fractio Partial Mol. HWE.
H,0 (18). o o« o o [OOS)Y )?r 0.93
’ Orsat Fraction Gas Fraction
| coz (44) (G 03 03 "/T
) 03 (32) (0170 ) 10.949%
; co (28) (.. 249 ) .
M, (28) { Y

; Molecular Weight of Stack Gas . . . . . e o e s s 2 §£.5 g




Stack Velocity and Flow Rate Worksheet

Date 9-30- 91 Pitot Tube No.___8.S ~tgg
Plant:_ Sus oi) Philedelphic PR Pitot Tube Factor (Kp)_0.54
Stack: WesHaahous e 201-6 £2  Amm. Press (Pb)_29.12 in. Hg
Technician(s): ks S5 Rle Avg. Stack Temp.(Ts)_7972 oF
Test Run No.:.__F- Stack Gas Mol. Wt._22.S%  Ib/lb-mole
Time Start: Stop Stack Static Pressure (Pg) /. 5 in H30
Stack Area (A)_(%3.9 fi2

Traverse AP (inches H;0)
Point A B lute Stack Pressure (P

1 W O.¢0 Ps = Pb + (Pg x 0.0735)

2 2.0 /.30 | |

3 2.0 ;32 29.7] =244 + (/.S _ x 0.0735)

4 22X L. '

5 A0 117.55' Average \/_AF’

5 1,775 y ,ﬂo

7 LIS 3> _ 5 Vap

. 4 = Average AP =

8 [ d4dS 22 No. of Traverse Points
-9 /-@ LoS '

10 .S L® }3304y¢ = (8> FLIS2%0))

11 :’23. 3 /.;o o Yg )

12 o i 197 ' )

- EXAMPLE CALCULATION

k Velocity (V) -

V= 5128.8 x Kp x Alveragc\/ AP xv/ Ts
Ps x MW

L 94 3W¢ymin = 5128.8 x B34 x L33ow4g x [_79%  9F + 460
V_29.7] in Hg x 2¥.ST MW

Volumetri w t k ndition
Qa =V x A
/09354 actm = L2483 3 fymin x (3 T g2
Volumetri w is at oF a in
Qd = Qa x 1059 x BS x Fd
Ts

25,566,730 scfh = ),049,3.5"/ acfm x 1059 x 29.81 in, Hg , 0.9982 Fd
'- =2 , _792_ °F + 460
- osex e




Field Check of Percent Isokinetic

[, .

Sample # PM-1
Source Westinghouse 301-G
Company name _Sun Oil
Plant Philly
Step 1
Nozzle Volume atCorrected DryAverage Stack Average Meter Dry Gas
Stack Conditions Gas Volume Temperature Temperature Fraction
(ft3) (ft3) (°F) (°F)
[ 135483 | 56.3 | 810 | 91 | 0.9578 |
Step 2
Avg. Corrected Molecular Stack AverageVAp
Stack Velocity Weight Pressure
(ft/sec) ("Hg)
[ 113633 | 2869 | 29.87 | 13 |
Step 3
Nozzie Area  Sample Time
(minutes)
[ 0.00025 | 85
% lIsokinetic
[ 93.51 |
Date 5-1 -7/ ,
Signed M K/ : M
7 4

Testing by Cubix Corporation



Nozzle and K Determination

Company name Sun Oil Refinery ~  Plant Philadelphia, PA

Step 1
Stack Velocity Preliminary Dry Gas Stack Stack Temp.
‘Standard Conditions Velocity Fraction Pressure Average
(ft/min) (ft/min) (Ha) (_°F)
L 2772 | 6939 [ 0948 | 299 | 792 |
Step 2
Desired Nozzle Area Desired Flow Rate
(1t12) (at STP)
(f13/min)
| 0.000216 | 0.6 ]
Step 3
Nozzie No. Area of Nozzle
0.00025
Step 4
Fiow Rate of Nozzle
(SCFM)
L 0.8931 ]
Totai Sample Volume Total Time
(ft3 at STP_dry) (min)
[ 58.219 | 84 |
Step §
Calculate AH by checking orifice curve
AH ("H20)
L 1.2
Step 6
Ap AveragevVAp
("H20)
| 1.769 ] 1.33 ]
Step 7
K Factor
{ 0.68 ]
Date
Signed

Testing by Cubix Corporation



Field Check of Percent Isokinetic

Sample # PM-2
Source Westinghouse 301-G
Company name _Sun_Oil
Plant Philly
Step 1

Nozzle Volume atCorrected DryAverage Stack Average Meter Dry Gas
Stack Conditions Gas Volume Temperature Temperature Fraction
(ft3) (f13) (°F) _ (°F)
[ 143322 | 5734 | 805 | 65 | 0.964 |
Step 2
Avg. Corrected  Molecular Stack AveragevAp
Stack Velocity Waeight Pressure
. (ft/sec) ("Hg)
; [ 113.232 | 28.78 | 29.87 | 1.3 j
¥)
Step 3
Nozzle Area Sample Time
(minutes)
[ 0.00025 | 84
‘5 % lsokinetic
; [ 100.46 |
Date 5-2- -9/
Signed K/L Q A/ﬁw/é'

Testing by Cubix Corporation



Field Check of Percent Isokinetic

Sample # PM-3
Source Westinghouse 301-G
Company name Sun Oil
Plant Philly
Step 1

Nozzle Volume atCorrected DryAverage Stack Average Meter Dry Gas
Stack Conditions Gas Volume Temperature Temperature Fraction
(ft3) - (ft3) (°F) (°F)
[ 143.475 | 57.94 | 806 | 72 1 0.961 |
Step 2
Avg. Corrected  Molecular Stack AverageVAp
Stack Velocity Weight Pressure
(ft/sec) ("Hg)
{  113.336 | 28.75 | 29.87 | 1.3 |
Step 3
Nozzle Area Sample Time
(minutes)
[ 0.00025 | 84 |
% lIsokinetic
I 100.47 |
Date 5-2-9/
Signed M ,Q Z»«L

Testing by Cubix Corporation



Field Check of Percent Isokinetic

Sample # PM-4
Source Westinghouse 301-G
Company name Sun Oll
Plant Philly
Step 1

Nozzle Volume atCorrected DryAverage Stack Average Meter Dry Gas
Stack Conditions Gas Volume Temperature Temperature Fraction
(1t3) (f13) (°F) (°F)
[ 132.716 | 56.05 | 766 | 76 | 0.966 |
Step 2
Avg. Corrected  Molecular Stack AverageVAp
Stack Velocity Weight Pressure
(ft/sec) ("Ha)
[ 112369 | 28.76 | 29.87 | 1.31 |
Step 3
Nozzle Area  Sample Time
(minutes)
{ 0.00025 | 84
% Isokinetic
L 93.74 |
Date g-2-9/
Signed M 4 Kk“'ﬂA

Testing by Cubix Corporation



Field Check of Percent isokinetic

Sample # PM-5
Source Westinghouse 301-G
Company name Sun Oil -
Plant Philly
Step 1
Nozzle Volume atCorrected DryAverage Stack Average Meter Dry Gas
Stack Conditions Gas Volume Temperature Temperature Fraction
(ft3) (ft3) (°F) (°F)
135514 | 57.74 | 761 | 78 | 0.967 ]
Step 2
Avg. Corrected Molecular Stack AveragevAp
Stack Velocity Weight Pressure
(ft/sec) ("Hg)
[ 112,140 [ 28.76 | 29.87 | 1.31 |
Step 3
Nozzle Area  Sample Time
- (minutes)
[ 0.00025 | 84

% Isokinetic
{ 95.91 |

Date 5-2-9/

Signed éz‘l yQ : /K»?A

Testing by Cubix Corporation



Field Check of Percent Isokinetic

EECN .

Sample # PM-6 ,
Source Westinghouse 301-G
Company name Sun Oil "
Plant Philly
Step 1
Nozzle Volume atCorrected DryAverage Stack Average Meter Dry Gas
Stack Conditions Gas Volume Temperature Temperature Fraction
(ft3) (ft3) (°F) (°F)
{  137.128 | 59.43 | 757 | 86 | 0.966 i
Step 2
Avg. Corrected Molecular- Stack AveragevAp
Stack Velocity Weight Pressure
(ft/sec) ("Hg)
| 116.209 | 28.77 | 29.87 | 1.36 |
Step 3
Nozzle Area  Sample Time
(minutes)
[ 0.00025 ] 84 |
% Isokinetic
l 93.65 |
Date 529/
Signed (/Z/L /0 K“'?’L
v

Testing by Cubix Corporation
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CUBIX CORFORATIOMN
?22% LOCKHART HWY.

AUSTIN, TEXAS 78747

SAMFLE IDENTIFICATIOM:

JORDAN LAEORATORIES, INC.
CHEMISTS AMD ENGINEERS
CORFUS CHRISTI, TEXAS

MAY 15, 1991

REFORT OF AMNALYSIS

SUN OIL COMFANY
FUEL OIL #2
n-1-91

HEAT OF COMBUSTION, BTU/LE ===—=—— o oo 192

SULFUR, WT.% ——————e

LAB. MO. HZ9-1018

RESFECTFULLY SURRMITTED,

@V(A/Mvv"\

CARL F. CROWNOVER
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JORDAM LAEBORATORIES, INC.
CHEMISTS AND EMGIMEERS
CORFUS CHRISTI, TEXAS

MAY 15, 1991

CURIX CORFORATIOMN
2225 LOCKHART HWY.
AUSTIN, TEXAS 78747

REFORT OF AMALYSIS

SAMFLE IDENTIFICATIONM: SUNM OIL COMFAMNY
FUEL OIL

S-2-91

HEAT OF COMBUSTION, BTU/LE —=——=— oo

SULFUR, WT WX mmmm e e o e e e e e e e

LAE. NO. HZ29-1019

RESFECTFULLY SUBMITTED,

(ol riin, m—~

CARL F. CROWMOVER



Caleb Brett

Caled Brett U.S.A., Inc.

MAY 13, 199 PA/91/2121-L

SUN OIL COMPANY
3144 PASSYUNK AVE.
PRILADELPHIA, PA. 19145

ATTN: MR. GEORGE KEEGAN

RE: "LAB ANALYSIS®
NO. 2 FUEL OIL
5/2/9

Dear Mr. Keegan:

We have pleasure in enclosing our results and invoice for the
above referenced analysis.

We thank you for requesting our services and trust that all is
in order.

Sincerely yours,

d.w

Geri Ann Pavonar1us
Lab Manager

CALEB BRETT USA, INC./PHILADELPHIA

cc: file
[
Head Office: P.O. Box 12973, Houston, Texas 77217, Telephone: 713/941-3999, Telex: 795-441

€ast Coast: P.O. Box 190. Essingion, Pennsylvania 19029, Telephone: 215/521+1728, Telex: 834328
West Coast: P.O. Box 6099, Signal Hill. California 90806, Telephone: 213/427-5481, Telex: 65-6314



OFFICE: PHILADELPHIA
To SUN

Sample of FUEL OIL
Dawnby  gyn

Representing SAMPLE SUBMITTED FOR ANALYSIS ON 5/4/91.

~ The above sample was examined and the following results obtained

Caleb Brett

Caleb Brett US.A,, Inc

OATE: . 5/1/9]

YOUR REF:
QUARREF: PA/91/2121-L

Lab Ref: #2663

REPORT OF ANALYSIS

AP1 GRAVITY @ 60°F D 287 31.6
SULFUR (% wt) D 4294 0.17
ASH (% wt) D 482 0.002
BTU's/1b. 19305
BTU's/qgal. 139459
CARBON 87.91
HYDROGEN 12.29
OXYGEN 0.20
NITROGEN 0.12
Faw Coust: P.0. e 130 Emivgion. Fesmeyenie 19039, Taormans 319193001725, Sahn Bodtad [
Form + 018 04 Gl Caus: 7. Box 12973 Hown, Toxwn 7217 Telophames 137546 3430, Totont s6oe 11



ormce: PHILADELPHIA
To SUN 0IL
Sample of FUEL OIL
Drawn by SUN

Representing  SAMPLE SUBMITTED FOR ANALYSIS ON 5/4/91.

The above sample was examined and the following results obtained

Caleb Brett

Caleb Brett U.S.A., Ine.

OATE: - 5/2/91
YOUR REF:

OuA mEF:  PA/91/2121-L
Lab Ref: #2664

REPORT OF ANALYSIS

API GRAVITY @ 60°F D 287 31.3
SULFUR (% wt) ‘ D 4294 0.16
ASH (% wt) . D 482 0.001
BTU's/Tb. ' 19174
BTU's/gal. 138762
CARBON 87.78
HYDROGEN 12.50
OXYGEN 0.13
NITROGEN 0.007
_ Bamt Gt 10, BN 190, it Pentayivanin 19029, T oeorene: 3181811728 T Frott2s v
e OB w137 Mstan. ot AN Teahn 2t e \83



Caleb Brett

Caleb Brett U.S.A., Inc.

APRIL 29, 1991 PA/91/2092-L

SUN REFINING
3144 PASSYUNK AVE.
PHILADELPHIA, PA. 19145

ATTN: MR. GEORGE KEEGAN

RE: "LAB ANALYSIS"
NO. 2 FUEL OIL
4/25/91

Dear Mr. Keegan:

We have pleasure in enclosing our results and invoice for
the above referenced analysis.

We thank you for requesting our services and trust that all
is in order.

Sincerely yours,

/rféu lﬂw /ﬂ»:m.-rw

Geri-Ann Pavonarius
Lab Manager
CALEB BRETT USA, INC./PHILADELPHIA

cc: file
Jc

Head Office: P.O. Box 12973, Houston. Texas 77217, Telephone: 713/941-3999, Telex: 795-441
East Coast: P.Q. Box 190. Essington. Pennsylvunia 19029, Telephone: 215/521-1725, Telex: 83-4325
West Coast: P.O. Box 6099. Signal Hill. California 90806, Telephone: 213/427-5481, Telex: 65-6314



Caleb Brett

Caleb Brett U.S.A., Inc.

OFFICE: PHILADELPHIA oate:  4/25/91
To SUN YOUR REF:
Sampleof  NO, 2 FUEL OIL OUR REF:

Drawn by SUN Lab Ref: #2469

Representing  SAMPLE SUBMITTED FOR ANALYSIS ON 4/25/91.

The above sample was examined and the following results obtained

PA/91/2092-L

REPORT OF ANALYSIS

ASH (% wt) D 482
GRAVITY, API @ 60°F D 287
SULFUR (% wt) D 4294
HEAT OF COMBUSTION, BTU/1b. D 240
BTU/gal. calc.

*  CARBON (% wt)
*  HYDROGEN (% wt)
*  OXYGEN (% wt)
*  NITROGEN (% wt)

* TESTS PERFORMED BY MICROANALYSIS.

Head Office: P.O. Box 12973, Houston. Texas 77217, Telephone: 713/941-3999, Telex: 795441

East Coast: P.O. Box 190, Essington, Pennsyivania 19029, Telephone: 215/521-1725. Telex: 83-4325

. - West Coast: 0. Box 6099. Signal Hill. California 90806, Telephone: 213/427-5481, Telex: 65-6314
prm # C/B 049 Gulfl Coast: 0. Box 12973, Houston. Texas 77217, Telephone: 713/946-2420. Telex: 77-5548

0.005
33.1
0.20
19313
138242

87.43
12.77
0.02
.008






PARTICULATE MATTER EMISSION CALCULATIONS

Test Date; S -1 - 1!
Plant:_Cun 0. Philadelphic A

Stack:_le cringhoute 20):f Uni-®2 EXAMPLE CALCULATION

Test Run#:_ Pm-2

Dry Stack Flow (cfh, dry basis, standard conditions)

Qd=Qa X1059 X Bs X Fd
Ts
O'Z E F@\C“f'br' S-fDIL‘JNOrhGJV"C p/OL«.‘sS

20307 = un ACFM X1059X —=—"Hg X _mz %
WA °F + 460

Meter Volume (dry basis at standard conditions)

Vs=17.65 X Vm X Pb + (AHavg X .073353)
Tm + 460

5934 - 1765 x Zg,oﬂg,x;zqazuH + (L922 x 07355

4 °F + 460

Particulate Matter Emission Rate (Ibs/ hr

Ep (front) = Mf X Qd
Vs X 454

7
fTQ Ib/hr = QO?ov_;.g X 0%/0 ofh
S?.zs' fi3 X 454

Ep (back) = Mb X Od
Vs X 454

P
/. O/ IbMmr = 0_0%19_ x 20340 " o4
SZ. 31&3 X 454

Ep (total) = Ep (front) + Ep (back)

[b. A7 tome= /S 9  mr+ /- O/ b/hr
/L97~ ,L/}-/ X/%{DZ-O MB”""/M-B :@ OH Ib%mgfu/
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FIZLD CHECKX CF PERCINT ISOXINETIC

The folleowsing field check should he performed after the first sample

- -

and may be performed afis=r sSubsequent samples if changes wers made.

Nane of the results frcm thig page are used as input inzo the final
data reduction.

1. Calculate noz=le volume at stack conditions (NVSC) given the
follewing items obtained during the sample:

2. Corrected dry gas volume, DGV 5834 £e3
b. Aver, stack Temp., TS |1Y0 <}

C. Aver, Meter Temp., TM 55| °R

d. Dry Gas Fraction, BCC 45 9%

(TS) 220

bgvy =31 L1223

NVSC = ( T (S sei, 1405%.3
(3cG) (9579 "

2. Calculata the average corrscted stack velocity (V). Firss, sum the
8guare roots of the Ap's obtained during the sample and divide by N,
the nunber of 4p's, to obtain the average sguara root of d4p: -

. /o . L L33 ,
Aver. Yip v (D.Lf ] LD ia.

v = (85.43) (27cT) =S Aver. /ip

Mola % tack
wet. Press

v - (85.48) ( &4 ) / ( 12390 (.30 ) = 1763 fe/sec
' V (Q%64) (2287

Preliminary colecular welght may be used unless significant changes
Qcgurred in moisture fracticn. Preliminary stack pressure may bSa used.

3. Calculate percent isckinetic given:

a. tozzle voluma, vsc 4039 £:3
b. Nozzle aresa, a8 .©0p0nG  £:2
C. Sample Tine, TIM 5110 seconds
d. Avar. Correct=ad Velocizy, V 113,63 fL/3ec

A Iso. = (NVSC) (100%) - { }k{O,E‘) Yy (100%) 4b'q

(A) (TIM) (V) N

( 100o1S X 5100 ) |13,03) ==

. Date

Signacure

Perrisaad Cos 79 I
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Scott Specialty Gases a avision of
= . Scott Environmental Technology, Inc.
ﬁi:; Electronics Group

3714 LAPAS DRIVE, HOQUSTON, TEXAS 77023, (713)644-4820, FAX (713) 644-0244

Date: JULY 12, 1989

oYLd e, LJOJ
CUBIX CORP. Qur Project No.: 718349
P.0. BOX 5083 .

AUSTIN. TEXAS 78763 Your P.O. No.: w (3
ATTN: MARC McDANIEL

Centlemen:

Thank you for choosing Scott for your Specialty Cas needs. The analyses forthe gases ordered, as reported
by our laboratory, are listed below. Resulits are in volume percent, unless otherwise indicated.

ANALYTICAL REPORT

Analytical ' Analytical
Cyl No. ALMD03284 Accuracy =% Cyl No. Accuracy
Component MOL7 Concentration Component Concentration
CARBON MONOXIDE ~ 15.3 PPM IR
METHANE 20.8 PPM >
2 0 BALANCE A
. Y
Analytigal Analytical
Cyl No. Accg,r’acy Cyi No. Accuracy
[ N . .
Component ?"v:.éz.Congentratlon Component Concentration
=2
Approved By /Zéj'%

The oaly lisbility of this Company for gas which fails te cemply with this anaiysis shall be replacement thereo( by the compsay without extra cost.

CERTIFIED REFERENCE MATERIALS EPA PROTOCOL GASES
ACUBLEND®* CALIBRATION & SPECIALTY GAS MIXTURES PURE GASES
ACCESSORY PRODUCTS CUSTOM ANALYTICAL SERVICES

TRQY. MICHIGAN / SAN BERNARDINQ, CALIFORNIA / HOUSTON, TEXAS / BATON ROUGE, LOUISIANA /AUSTIN, TEXAS
SOUTH PLAINFIELD, NEW JERSEY / FREMONT. CALIFORNIA / WAKEFIELD, MASSACHUSETTS / LONGMONT, COLORADO



SCOtt Spedajty G&SQS a division of

_ ] . Scott Environmental Technology, inc.
Electronics Group

3714 LAPAS DRIVE, HOUSTON, TEXAS 77023, (713)644-4820, FAX (713) 644-0244

CUBIX CORPORATION Date: MARCH 20, 1991

M. MCDANTEL = oi . 0410319

P.0. BOX 5083 Our Project No.:

AUSTIN, TX. 78763 Your P.O. No.: 91013
Gentlemen:

Thank you for choosing Scott foryour Specialty Gas needs. The analyses for the gases ordered, as reported
by our laboratory, are listed below. Resuits are in volume percent, unless otherwise indicated.

ANALYTICAL REPORT

Analytical Analytical
Cyl No. __AAL8641 Accuracy _ L% Cyl No. Accuracy
Component MOLY, Concentration Component Concentration
CARBON DIOXIDE 3.99% 40.02% Abs iy
OXYGEN 18.217 +0.027 Abs SR

NITROGEN

Analyst ﬁ'zﬂ/b!. }4‘ : 14@ /;L(,\, Approved By.

The only liability of this Company for gas which fails to ply with this lysis shall be repl ] { by the with extra cosd.

CERTIFIED REFERENCE MATERIALS EPA PROTOCOL GASES
ACUBLEND® CALIBRATION & SPECIALTY GAS MIXTURES PURE GASES
ACCESSORY PRODUCTS CUSTOM ANALYTICAL SERVICES

TRQY, MICHIGAN / SAN BERNARDINO, CALIFORNIA / HOUSTON, TEXAS / BATON ROUGE, LOUISIANA 7 AUSTIN, TEXAS
SOUTH PLAINFIELD NEW JERSEY / FREMONT. CALIFORNIA / WAKEFIELD, MASSACHUSETTS / LONGMONT, COLORADO



Scott Specialty Gases a division o

) Scott Environmentai Technology, Inc.
‘ﬁG: Electronics Group

3714 LAPAS DRIVE, HOUSTON, TEXAS 77023. (713) 644-4820, FAX (713) 644-0244

Date: FEBRUARY 8, 1991

CUBIX CORPORATION
P.O. BOX 5083 : Our Project No.: 04-09400Q
AUSTIN, TX. 78763 Your P.O.No: 91013

Centlemen:

Thank you for choosing Scott for your Specialty Gas needs. The analyses for the gases ordered, as reported
by our laboratory, are listed below. Resuits are in volume percent, uniess otherwise indicated.

ANALYTICAL REPORT

Analytical Analytical
Cyl No._AAL17794  Accuracy __+1% Cyl No. AAT.1713 Accuracy £1%
Component Concentration Component Concentration
CARBON DIOXIDE 11.99%+£0.02% Abs CARBON DIOXIDE 4.00%%0.02%Abs
OXYGEN ’ 8.0% x0.02%Abs OXYGEN " 18.00%:0.02%At
NITROGEN BALANCE NI TROGEN . BALANCE
EXP: 2/1/92 | EXP: 2/1/92
N

N =

< JH

Analyst %/M’L/ /‘& M’/&ﬁ? Approved By

The only liability of this Company for gas which fails to ply with this lysis shail be i thereof by the company without extra cest.

CERTIFIED REFERENCE MATERIALS EPA PROTOCOL GASES
ACUBLEND* CALIBRATION & SPECIALTY GAS MIXTURES PURE GASES
ACCESSORY PRODUCTS CUSTOM ANALYTICAL SERVICES

.HOY MlCHIGAN /SAN BERNARDINO, CALIFORNIA / HOUSTON, TEXAS / BATON ROUGE, LOUISIANA / AUSTIN, TEXAS
- T T TRe Sy S EDEUAMT AL HIEARNIA CWAKERIEI D MASSACHIISETTS / LONGMONT. COLORADO



Scott Specialty Gases o scasono
cott Environmentai Technology, Inc.
@ Electronics Group ' *

3714 LAPAS DRIVE, HOUSTON, TEXAS 77023, (713) 644-4820, FAX (713) 644-0244

Date: _OCTOBER 3, 1989
CUBIX CORPOEATION Our Project No.: __0400803
iU(S)'I'IIFIOX'DS(O 38763 Your P.O. No.: 89-204
MARC McDANIEL .
Centlemen:

Thank you for choosing Scott for your Specialty Gas needs. The analyses for the gases ordered, as reported
by our laboratory, are listed below. Results are in volume percent, unless otherwise indicated.

ANALYTICAL REPORT

Analytical Analytical
Cyl No. AAL5279 Accuracy __d:_IZ___ Cyl No. Accuracy
Component Concentration Component Concentration
CARBON MONOXIDE 151 PPM _
- 3
METHANE 79.4 PPM ;
NTTROGEN BALANCE
Analytical T Analytical
Cyl No. Accugcy:j_____ Cyl No. Accuracy
Component ".Concentration Component Concentration

Analyst _ fad J\__ZQ&;?U

Approved By

The only liability of thin Company for gas whiah fails te comply with this ansiysis shall be repl h by the y without extra cost.

CERTIFIED REFERENCE MATERIALS EPA PROTOCOL GASES
ACUBLEND* CALIBRATION & SPECIALTY GAS MIXTURES PURE GASES
ACCESSORY PRODUCTS CUSTOM ANALYTICAL SERVICES

TROY, MICHIGAN / SAN BERNARDINO. CALIFORNIA / HOUSTON, TEXAS / BATON ROUGE, LOUISIANA / AUSTIN. TEXAS



. .
Scott Specialty Gases a dvision o
. Scott Environmental Technology, Inc.
Electronics Group
3714 LAPAS DRIVE, HOUSTON, TEXAS 77023, (713) 644-4820, FAX (713) 644-0244

CUBIX CORPORATION Date: JANUARY 10, 1991
1713 FORT VIEW ROAD ) Our Project No.: 0408730
’ 78704 Your P.O. No.: 90347
Centlemen: o .

Thank you for choosing Scott for your Specialty Gas needs. The analyses for the gases ordered, as reported
by our laboratory, are listed below. Results are in volume percent, unless otherwise indicated.

ANALYTICAL REPORT

. Analytical Analytical
Cyl No . ALMDO6263  Accuracy 2% Cyl No. _ Accuracy
Component Concentration Component Concentration
CARBON MONOXIDE 39.8 PRM . :
METHANE 40.0 PPM
Exp: 1/92 | .
N >
A
Fagi
Analytical Analytical
Cyl No. Accuracyl ___~ Cyli No. Accuracy
Component _ ““Concentration Component Concentration
~>:'\

Analyst _A/M Approved By

‘The unly linbility of this Compeny hrmwmt-lhu.n-piywkhManhMWbym“-mywuhuumm

CERTIFIED REFERENCE MATERIALS EPA PROTOCOL GASES
ACUBLEND™  CALIBRATION & SPECIALTY GAS MIXTURES PURE GASES
ACCESSORY PRODUCTS CUSTOM ANALYTICAL SERVICES

TROY,MICHIGAN / SAN BERNARDINO, CALIFORNIA / HOUSTON, TEXAS / BATON ROUGE, LOUISIANA / AUSTIN, TEXAS
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NOx Conv Eff Sun Philly

Instrumental Analysis
Quality Assurance Data
Date : 4/30/91
Plant: Sun Oil Philadelphia Refinery
Technician: RJK

NOx Analyzer: NO2 to NO Converter Efficiency Test

NOx % Decrease NO
Concentration from Initial Concentration
(ppm) Concentration (ppm)
Initial Concentration 37.8 0 37.8
10 minute Concentration 37.9 -0.1 35
20 minute Concentration 38 -0.2 34
30 minute Concentration 38 -0.2 32.1
Full Scale 100
Sample System Bias Check
Calibration Full Scale Direct Sample Sample
Gas Span Calibration System System
Concentration Response Response Bias
(ppm) (ppm) (ppm) (ppm) (% of Span)
Parameter
NOx 81.67 100 . 81.7 81.3 0.4
Sample System Leak Check
Run # in. of mercury  in. of mercury
Intial Final
C-1 21 21
C-13 19 19

Testing by Cubix Corporation, Austin, Texas
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NOZZLE INSPECTION AND MEASUREMENT DATA SHEET

Company Name ,_ﬂ;y\glg);! " Date Sampled .S- | = ¢/ Nozzle Number  (

Presample Inspection

I hereby certify that the above referenced nozzle appears to be
round, sharp-edged, free of nicks and dents and is judged acceptable
for use at this time.

< D~ -
Last Previously Measured ~\)3L~_y ¢—-mnf££/
Nozzle Area ,002S  ft2 signature
Date Measured &-— 2{  date S-/-9F/

Postsample Measurement

Measure three diameters as shown; measurement is
in inches; record below; perform calculations. *

1. 218 2. AT 3. . 220

Average Diameter , !9

- 2
Area 'rer - 5002 < ftz

This area shall be used in data reduction.

—~
S Q;! ,.‘—1') > ap 2
— S T
signature .
—_ _ * Max{imum al'lowabl:d{ fference be-
date _ /7 3 / tween largest diameter and smallest

diameter is 0.004 {nches

D-28

_Kov 80 guz
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M-5 Thermometer Calibration

February 16, 1989

Thermometer ___NBS _Hot Box Last Tmp. DGM
Temp. Range (0-51°C) (50-500°F)  (25-125°F) (0-140°F)
Ambient Air  75.5°F (24.2°C) 73°F 73°F 75°F

- Ice Bath 35°F (1.7°C) NR. 36°F 35.5°F
Hot Water 119.7°F (48.7°C) 117°F 118.5°F 120°F



-

The Texas Air Control Board W
Certifies That

JOHN P.SURVIS

Has completed s course conducted by The Texas Al Control Board and
has mat the requirements for evaluating visible smissions.

March 15, 1991 °
o Car” -

KEXA3 = ' .
. eptember , 1991
O S ber 13, 1991
L%m; GAo2 Nk /S Ji




ALTIMETER CERTIFICATION
TRAILER # 1

CERTIFICATION TAG

- 9
ITEM NAME _%M
PART NUMBER 2 — O=4/
seriALNumeer L PSS T2 7 _
MANUFACTURER (Z b teortec,
WORK ORDER NUMBER ==y e /47
IFITEM IS TESTED ONLY, FILL OUT BELOW

THIS ITEM HAS BEEN FUNCTIONAL TESTED AND FOUND TO BE AIRWORTHY

8y DATE
CENTURY INSTRUMENT CORPORATION
4440 SOUTHEAST BOULEYARD
WICHITA, KS 67210
CERTIFICATED REPAIR STATION NO. 3 6 4-04

ALTIMETER CORRECTION CARD
SINKWD:«M‘7
i) a3k [acdbivel a2
|- 1000 _;'_/f) 18000 |~ 2T |

9 L] 100 | ¢ AT

00 |~ o000 | =S CD

1000 5 25000 i

1500 |~ | 30000 |
2000 | —/ ()] 35000 {
[ 3000 | ~A <7 40000 :‘
000 | =, 57| 45000 ;
5000 | ™/ 1D | 50000 i
8008 | — N 50%

10000 -ég i 40%
12000 S| TER
14000 { 7/ S

FOR REPAIR STATION NO. 364-84




=== Ther:no Richard A. Curran
‘m m—mn—a: zaa.o:-_mn.omznsuoo.

ﬂﬂﬂﬂﬂﬂﬂﬂ N

Environmental Insiruments Division

INTERFERENCE RESPONSE TEST 108 South Street
Hopkinton, Massachusetts 01748
(617) 435-5321

DATE OF TEST _TAN I3y /35O
ANALYZER TYPE / O/ R  fawe o-18tm  SERIAL No. _ QAR — O 14B —FO

: : ANALYZER
ammaawma%m noznmze?ﬂozmuz ocemcanmmmozmm _,om.mgz

Co . _—M\QQ < ./ P </%

COy | 20/ Sty < 17
nﬁw | \Q-N‘ 4 .\\n\\-\ | A-\t

T 2077 | L1y < \N




Continous Emission Analyzer
Interference Response Tests

Date: 7/8,/
Technician:__RRE 7]

Analyzer Type:_ lhprmy Govivomentn | |
Analyzer Model:_ode /] 43 &ac S/der lormin?ion /911)/'20)"
Serial Number: 7/gX“"——’.LS:'ZI:—l'/D

Analyzer Test Range: D-Z%pm/

Test Gas Analyzer Response - Response
Type Gas Concentration Conc%tration % of Range Ratio
T A C0 Free 0.0 VA3 ’ .

£0/02 42439 0.0 ] _0%0_ M,
o fV3 [28/8 % . l/ 0017 /-0.025 _?f '/70
Co [0, 299 /30 -0,3 =008 /70, 100

Ay Dry 0y l €0 impugty 7

MOy 302 par-s 0.4 0.000 | .
S0, 40) foon-yy -2 ~0.0005" }m’/fffﬂv
Pr%gam 2upk 0, Y v 0.002 J '

4// nterferen s are.

nes )ijai’e



Response Time Data Sheet

Date: 37 -7-"{/ 59
Plant_~— %&Ah‘ e -
Technician: /h/ﬁl /Dec
Sample Manifold Press._ L o/

Sample Line Length._) 40 {t.
Pump Model No..£=3 Dia-pumo

Or\ma_,. /J‘r\&’v 28~
T v 7

T’I-‘JVAC ?)O HX
7

N=-25% .

A;’f’- 2_0.6 /o 0.,__

Analyzer: Moy Naahvzer
Model: - _TEco I0AR
Range: 0 21000 ,om
Span Gas: 400 l.,’a; no,
Upscale Response 48~

. o

6o
Average bl mn

Downscale Response  __:6< 0o
LS
(e

——————

Average 6S wmin

Comments:

3/8’ //Sg»»/a/g fne
.Z:j/tm Corclpnsr—

¢ y
&8 s
—_—r






SYMBOLS AND CONSTANTS USED
IN EMISSION CALCULATIONS

Constants

68°F = standard temperature = 528°R = 20°C = 293°K

29.92
7.785
11.94
7.263
4.150
1.659

1.339

6,885.

inches Hg = standard absolute pressure

-8

x 10 ~ lbs/SCF of NO per ppm by volume

x 1078 Ibs/SCF of NO, per ppm by volume

-8

x 10 ° Ibs/SCF of CO per ppm by volume

-8

x 10 ° Ibs/SCF of THC as methane per ppm by volume

-7

x 10 ° Ibs/SCF of SO, per ppm by volume

liters/grams Hzo at 68°F and 29.92 inches Hg -

. (Ib/lb-m)(in.Hg)
6 ft/min . \/ (°K)(in.H,0)

1.7 ppm CO/% CO2 (CO analyzer interference response factor)

17.040 x 103 = mg of st per equivalent

454 =

7.061

0.07355 = inches Hg per inch H

499.4

9.793

grams per pound (g/Ib)
x 107° 1bs $O, per milliequivalent

20

28.31 528°R
(3 28.92 in.Hg

293°K
29.92 in.Hg

Symbols and Constants

Page 1



Szmbols

A =

Cco *

'}
1}

]
n

~
]

stack area (ft3)

concentration of CO (ppmv)

= concentration of CO, (ppm_)

concentration of HZS (mg/DSCM or ppmv)
concentration of NO (ppmv)
concentration of NO2 (ppmv)

concentration of SO2 (lbs/DSCF or ppmv)

= concentration of THC as methane (ppmv)

CO emissions (lbs/hr)

= HZS emissions (lbs/hr)

= NO emissions (lbs/hr)

NO2 emissions (Ibs/hr)

emissions of NO and NO2 expressed as NO2

emission rate of particulate matter (Ibs/hr)

= SO2 emissions (lbs/hr)

= emissions of THC as methane (lbs/hr)

dry fraction (% volume)
wet fraction (% volume)

DGM correction factor (unitless)

pitot tube factor (unitless)

Symbols and Constants

Page 2



Symbols, continued

MWC

MW

total weight gain (grams H20)

molecular weight of stack gas (lbs/Ib-mole)

dry weight gain of probe wash and filter, front half/grams)
dry weight gain of impinger catch, back half/grams)
normality of titrant

barometric pressure (inches Hg)

static stack pressure (inches: Hzo)

DGM absolute pressure (inches Hg)

absolute stack pressure (inches Hg)

volumetric flow at stack conditions (ACFM)

volumetric flow (SCFH, dry basis)

stack temperature (°C or °F)

absolute stack temp_erature (°K or °R)

average meter temperature (°C or °F)

volume as read directly from dry gas meter (liters or fts)

dry gas meter volume corrected for meter correction factor
(liters or ft3)

volume (liters or ft3)
volume sampled, corrected to standard conditions

velocity (ft/min)

Symbols and Constants
Page 3



Symbols, continued

Vt = volume of titrant to endpoint
Va = sample aliquot volume
th = volume of titrant to blank endpoint

Symbols and Constants

Page 4



Circular Stack Sampling Traverse Point Layout
(EPA Method 1)

Date:___¢- 30~ A1 Port + Stack ID:. /73 .O in.
Plant:__ Sun ol PRl Port Extension S.o in.
Source:_ e strachause 301 & Stack ID: Jeg o in.
Technician(s)_Ii¢T TS Stack Area /1S3 14 ft2
. Total Req'd Traverse Pts._ 4 ¥
Ser # LTAIIHY-1 + 2 . No. of Traverse Pts. 2Y /diam.
(Tesng on uncs2) No. of Traverse Pts.___/(2 _ /port

Stack Diagram (Side View showing major unit components, dimensions and nearest
upstream & downstream flow disturbances
’ | ‘ Methool /1~ sheer

e’T S}C[e View
(_L [n§ OT" jﬁ'

e
.

So“t d qe’ ,

6 o Nes v Builclfn% -

!
|

. -l
o

\*)
?

| -

Traverse Length Distance

Point Factor (% of diameter) from Reference
Number Number of traverse pts./diameter Point (inches)

4 6 8 12 i/eec-

1 6.7 4.4 3.2 2.1 I %+ 5.0 L.F
2 25.0 14.6 10.5 8.2 3.7 3.H+50° o0y
3 75.0 29.6 194 11.8 5.5 A2 450. 1M
4 93.3 70.4 32.3 17.7 7.4 [2.3150- 17 3
5 85.4 67.7 25.0 0. S 1 ois022 6
6 95.6 80.6 356 3 2 22.2+5.0%27.2
7 89.5 64.4 L. 23 0+50:320
8 96.8 75.0 9.4 2L f50-3700
9 82.3 230 28.L+59:43. L
10 88.2 7.2 4S. 7 +52: So.?
11 93.3 > SY.3+<0 - S4.3

12 97.9 ¥ 1L9+50- 7.4



Circular Stack Sampling~ngavg*’kf-3Point" Layout

Date:

Y- 30- 91 T

-

w7 ¥

Plant:__ _Sen 0O PF(‘\AJPJ"};-A'PA

Source:_ Ueshmglouse: 301 ¢+

Technician(s)___ 17 .35

(w:,M-ethOd 1) Methood S Tip. leypu +

Port + Stack ID:._ /77.© in.

Port Extension 5.0 in.

Stack ID: /L 8.0 in.

Stack Area /53.9 ft2
Total Req'd Traverse Pts._ 24

No. of Traverse Pts.__ ) 2 /diam.
No. of Traverse Pts.___ /port

Stack Diagram (Side View showing major unit components, dimensions and nearest
upstrecam & downstream flow disturbances)

_TOP View

V\

SM’Q Ul.% (gee OL Tmuers-o, Fbvln‘r LAqoﬁ\

Traverse Length Distance
Point Factor (% of diameter) from Reference
Number Number of traverse pts./diameter Point (inches)

4_ 6 8 12
1 6.7 44 3.2 2.1 3.S450= 85
2 25.0 14.6 10.5 8.2 /2. ¥ +50 = 1%.%
3 75.0 29.6 19.4 11.8 /9. § 4o = 4.7
4 93.3 70.4 323 17.7 29.9 - So = 34.9
5 85.4 67.7 25.0 42.0+ S0 © y1.o
6 95.6 80.6 35.6 59. ¥ + 5.0 - 4.¥
7 ‘ 89.5 64.4
8 _ 96.8 75.0 i
9 et -4 82.3
10 'ﬁ - 88.2
11 T 93.3
12 il 97.9

."‘)
’
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| Rum * AY M= 1 - 75
I | 5 ' :
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Laaear /F e i":b/'lbi ,3/, ! .3/, L3 : 3/, -'3/1 |
" ‘ oy ot leay | o2 ey
DEHA §;:pb ’ >4So >4dSH > dso |> 45 > 45@

| remp %deg F a3 /3 83 | 83 D3
10w Y 3. 132 | J3.2 | 1R

| Combustor !
| oressure ipsig '-735- 3.5 0 74 g 73.5_;
avg outlet ideg Fl J28a 1280 E 1282, /Z%SL 1282
cpread ldeg F|' |34 /2.6 /16 | 120 119 .
max / min !deg F /3¥Q/AZO /3‘/56/)218 ’337/2.1\ 134///?:1/ . ‘341/2.7:55

avg stack

B

685

(8L

68y

(RS

max / min

: 4,92/4;72,

C"?\’V 2K

%), 74

6" 73

4 )13

L?eg Watts

|'S.

(RN

184

RB<

2.5

)
tHumidity

G Y

of

ol

Amb Temp

77

8

A
8

18

1

@ |

ress

] ar P

29443

| 29.934

29934

23,934

2493




iLPar'ameter lunits . | i ;

Date | tisolar | 4130]q] dlsoq
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[max / min ldeg F 1532 1™ o2p B32/, o |
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(Bulfur T own 1%
1

|
a |
* :
i

y N2 | Rpm

; 7 ——
JNater /Fye) i?b/1b;‘.3///

Water | :
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TS ' ) - . -~ *
; 0:25 | /480 | oS | 1]'20 | /:35
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: FUEL ; : '
i :
' veat of Brusn| E i
] ] i
f ¢ [} T
Combustion | /gal g :

iAPI gravitcy gﬂ 60 §
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o/ min  des B iaon #ary T Y T ae, | 5 a0
lavg stack ideg F 734 '7?é | 787 7&8 7TA%.
max / min deg ¥ 75.0/7,26 80,/7@8;7?9/—)9"/' 301 /7AA 30/{'/7 2
Meg Watts | MwW zl.e [ Q49 | 244 24.8 R&A
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max / min_ |deg F| B S B12/194 ?9/3/6‘00 80 /29, B%/5s,
feg Maree Q48 124 (243 | 248 | 4.8
' -
Humidity v | ©g 39 | 39 33 33
g;ﬁ.mb Temp deg F §5 8(0 : 66 6 4_ 84 z
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i Date 1 ! : l ; l l
! ' ‘ ) 2 &7) . . S 3. 20
Time ; 12/ 20| Z,§§§—-5O'3O
.Run ln n; ;L ! ' i
! FUEL ) . : | i
EL Heat of gBEU/n' : : ; i
?r.;:ombust‘-tcn i/ga" f ; !
';5‘PI .gr*av‘ity }@! 60 D ' ; ; :
E 491 | 4.9 44. “ s
F 7 low 5PM ~ : ' %0 750 |
: 2 ¢ |
Ef:ue'i Headcr §.°SI 3 : (\0 ‘ QLO C) 4::0 é t 8 ( '
;‘!'emp ;deg F ~— RS 84 o) o) ;
ESu'l‘:’ur' % owr 5 % i \\,'f\v ! ; : i
: : . ! )
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. — ’dcg F; o 8('3;_ % ' q ' { ;
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! O Y 1aed™ 462 17636, V. 5k
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ov9 stack  Jdes ¢ O 63¢ | 638 G ) 9%
max / min deg F (; 8'7”/ B0 8‘117/83/ /5’30 é 5-3
L:‘Yeg Watts MiN -~ ’_2 (p 26-5 07; .6_ 3?
o e % (‘ 22 | 33 28 ®
Humidity ' ! 85. ?5_' 95
Amb Temp deg F 84 1 o)
- ; | 9y
!LBaP Precc mmHG '.29,802 % : 024'89)( ;—iggl -zq




\}7% Date ; ROICE _ _ | f
Time | 1357| 3160 4tag | 4i2g | 41357
I Run . ! |
A | i
3 Heat of Bru/m|
fCombustion /gal %
jApx gravity |@ 60 g
| F Tow .IGPM 4@, | 49 4[?. 44, LL?, |
E::ue1 Header |PSIG | GLo ?éo G¢o P60 QéO l
4o 86 84 [ @44 | 8L |87
:fSu'l‘:’ur' % owh : % ,' % | ' :
[4atar/Fuel b/ 43/ | '3/, 3/, ; -3/, 3

Warer i : | :
°h 98— — /O —
DEHA g;:pb '> Y50 " > 450 = .
tesfl 90 | G |9y 9/ 9
| S low gem | /g | /6.2 /8.2 /8,2 /G2

Combustor ;
dressure  lesie | 7578 | 755 | 755 | 98 | 958
éjvg outlet Ideg F| /472/ /5‘39 /535 /1535 /§33
' 2 pread deg F /Ol/ ///a’ /39 149 /é? -
max / min deg F ,;537/%,_[ /ﬂ%/s@ /605]416 15 g7/ /‘45
o stack  ldeo F| 2357 | @3/ | 8395 8371 | @37
mex / min  |deg £B3Yga | 84570/ 87T foag 8¢7/829 9¢7/899
Meg Watts MW 249 9\49 37. %? g %ﬁq :
Humidity % %3% 20 | 33 53 33
Amb Temp deg F| @45 85 | 85 a4 83
(9r Press  |mmie (20059 129067 | 229342983/ 29834



| arametor linics ‘
Date | Sh/as
[rine 4/80 |£05 ) 50201 57351 & 5
| Run L l
! FUEL 3
: Heat of Btu/m !
:t'_)ombust"?cn é/ga‘l ;
|API gravity LN 5
R o R T T N LY A
| Fuel Header ipsxr‘ Qo | 960 Q60 20 6D !
i-remp fjng FloQo ' Q7 ) 87 36 f
ISulfur % wn % i ] |
2 o |
Watae T el b/1b; .3 [ : -3// \3/, ; '3/, 9/] ;
Watrer ! I
1700 | 190 > —» s §
goEHA ?;pb 3 > 45&)% —_~ — — ;
ol 91 19 | 9 T 99 Qe |
< Tow gpm l 182 /831; 18. % /B_L 18,2 '
Combustor
(Treseure  jpeie | 94657 | 754 L 7567 | 755 | s |
Lavg outlet |deg F| ;573¢f /533 | [§35 | J53¢% /1535 |
aes rl 169 | /94 1,49 1/7/ V775
max / min deg F /67'//,4451,/621//41‘48 /{/?//44!;0 /41.3//6(5_, /6/9/\“!-\1«5
ave stack  ldeo ¢l 837571 83631 g3¢/ | 837/ | @37
max / min  |deg F Q</6/83o I (o239 8¢¢/830 g“%a_e %43/930 |
‘- IMeg Wattg MW Jéq 27. ;269 7. ;7 i
Humid{ty % 23 28 8 23 28 |
Amb Temp deg F| 82 95 | B2 82 82
(83 Press  |mmHG 19993/ |99 gy 1,2? B | 29.8 /129.84 |




l 1

Parameter iunw’ts} i ;
' Date I 5’/;/9/ | ! ’
- . i , — - | ' — 1 ¢ 2
Q] [Time 1 6. 05 464{40 | '35 L8501 7:08
'b‘; ‘ ‘ : i
E Heat of !Btu/tt%
!Combustion é/ga] ?
IAPI gravity %O 60
1o s p
o 492 9] 423 w83 g
,Fuel Header EDSI(‘ f 940 ! Qéo 94{9 QQ ) ?’é )
o 8L | 8¢ | B4 | 86 | g0
Gulfur % ows % !
| f ! ‘ ' '
N2 Lopm '
vanan/E e g“b/1b§ -3/[ -3/, -3/, ! -3/1 "3/,
i Water , ‘ !
2 R e e = §
 DEHA | 2pb §> $50 —»> N ! i
ércmp 'dcg F; &9 8@ 88 yz ’7? !
o 1 /8.2 | /B2 | /By | jed | w5 |
i Combusztor ‘ %
oy ce e — . 1
dreccure zpawg 745 ‘7£L5' ‘74‘5 74,5\ 7é5 !
] — 1
{avg outlet %deg F /$"32 /532 /53,9[ /{37 /%75/ E
‘spread gqeg Fl /65 ] 70 /68 /Q%L 145 J!
;Lmax / min rdeg F 613//}‘5'5’ /6/3/4()‘3 /67’%%# IGL%/MI-&&L /5_“3/‘//7 E
lavg stack ’deg F gB{ 836«% 834'/ 832.5 g2 E
max / min deg F g¢7/87_7 %$‘7/8 7 %‘?/87.8 %LL_'S—/%Z‘/L %’0/27/?0 i
Me - < i
e Watrs MW | 2720/ | 27 7. 137+ | Q>
Humid'ity tt 34 - ——P _——-[’ ’ﬂ—'—* ———'7- 3‘/')3§ -
%imb Temp deg FI Q& / 3/ | B/ R/ 79
iEar- Precs mmHG !2'9. ’78¢__, —_— — _—7'9177¢

L 4

,) gvoq HvusTE

S0



i.’-’.ar'ametcr* Lunits )

é)ate i 5/&./"‘)[ =

iTimc | 000 wm,! 1130 | |{i100 1130 12 Neo o
' FUEL i i |

' Heat of zscu/'ni !

%'.)cmbust'ion 'g/gﬂ ' Z

iApI graviry %@ 60 i

£ Tow eem L 522 | 52, 52. 2. 52.
E‘.':uf.?‘i Header |PSIC . 955" I % ! 95® Q56 955

' remp deg £l RO | 8O ! a0 a0 8o
Sulfur ° B T i ! : |
CNaran /T el é‘:b/'!bi 3/ 20 3,0 3/ 3, E
.eh ' ' =X-Y 3% —> ’
| DEHA lppb 1SS0 —> ;
ldeg 7| (3 69 70 | 70 | TJo

= Tow ioem | 20.5 | 20. | zO. 9. | Z2o.

| Combustor

, Srezsure Pig | Oy, O. 0. 30. [0
avg outlec laeq F| (55521 |s54.5 I557.5°| 1562.7] 1557.6
ldeg F| |69 1) 168 | | ]D 120
%nav / min ‘Edeg . %33/14—(94. |¢o3s‘/‘\+$¢ *1631%‘%,% (A s 14;3%/&5:7}
lavg stack  ldes F|l BITS | ®19.3 | §17.7 | ®12.57] 8I%
max / min |deg * BZ-S/an. 82\"/ 13 824/8\\ %2-\}/%,?2 %Z\L/Q” i
|Meg Watts MW 2957 29.5 | 29.5 295 29.5 !
umidity % 52 —> | 4L —~» 4o |
Amb Temp deg Fl Y 5 0 bbb A A
sar Prece  |mmre | 29.9| —> ' 29.89 ——> 29.88 ¢ :




<—+ 19R'BT <« AQTL | BB b2 | owun|  ss8ug Jeu!
(9 L9 ) ‘ L 1.9 |4 sep duo) quy
<— LS <———1z— ot O+ % A3 LPLUNK
~<'bC R Y4 6L 2z | b2 M s1aeM Bow
TS 7”%:8 ""3/5-@,?[ e 028 QIB/_Kée 4 Bap Upw [/ Xew
LIS OLe | LR | L'blB | LBI@ |4 8ap| oeas bae
IG—%/T“I’ > /Hv'll '/82715 ST o "Sh‘/z_ml 4 Bap, w7 xew
L] S3l blLI | L1 B |4 bapi peaJds
LOH?S' b ,SSI 57551 2SS | TULRS] |4 6ep! a32iano Bae
SH- | SeL | SbhL | SEL | Sl | ersa]  eunssec
403 5NRqUOs E
76l R Y Ll | wes moLs|
G 7 oL oL, QL | L lisep dmai!
< < 4"—’ 4—— =J9 XSENCE va—xao%
. < -(—{-——— <———- <——a— 2O | e
; | | : | | T oowem |
n /¢ /¢ ‘ \/g-ii /e - 1 ‘/&' EQL/C{Lé Lora, seaen]
E ﬁ E ‘ ww eh!
% | % i % % % % J“&L“Sé
'\S'éL J&EL | SLL E S°LL S bl ‘ﬁ Bop | dusaig
gﬁ ©36 QShH oS4 ‘ oGh | CSb | s1sa] wopeen Lanﬁg
AP LT [ LIS i IS W9 mopai
: 1 08 G: Ffaraedb 1dv
i l ' % Leb/ | uo;;anwog;
; '!u/naa'% 40 3834 |
‘ ; % | q3and %
5 t § u! uny
{ el oS Z QG | il SIS i‘w,-aeq_,z' :{ swil
tﬁ < % ;fb/"Z/S ! 210G !
E | saiurl  uo3swedEq




Parameter units ', i
Date 5'/2./57/ > .
Time 0fwm.| 3:30 g d: oo 4:30 5:00 |
‘Run itt
! FUEL
i} Heat of !E",-t:u/ttr !
:[r;cmbustw'on /qal ‘!
|API gravity |@ 50 |
{F10m om | 48 | Y8z [48.2 [482 482
Fuel Header [PSI6 | &y | SAYS QLo 250 NEES
- 45 F 9.5 | 19 [ 705 | 795 1 8n |
13ulfur % wr : % { ! | '
AE  2pm ; ; | | l
(Nater /Fuel é‘b/‘lbé ,3/’ '3/; o 3/] "3/] '3/1 f
Water E :
i oor = - = )00z
gDEHA PP 3450 —1> —= —> 7450 ;
Temp deg F| O 0 75 70 1] i
Flom s 1180 | 182 | 19.9 172 | (29 |
Combustor |
Pressure lpsig | MR | M@ 78 78 73
|ove oucler |deg Fl (B | |UNT | (4670 | 144g. T | 1466,
spread deg F| |(, 7 173 HAA 163 /58
nax / min  ldeg F \g%/‘?_!q 152&/}3‘5_r 1543/)382 m—o/:z}gv ma// ‘as
avg stack deg F| "IR|M 7797 | 779.7 780 777
max / min  |deg F '73'7/7'77 75’)/-7_, 78‘/775‘ 781/774 23/43,
Meg Watts MW 265 | 208 2L. 5 26.5 26, S
Humid 1ty v 3] —— 297 2% | 29
Amb Temp deg F| (B (g? § e l-8 &8
Sor Prese  jmmis [ QB > 29.834| 26.82] 29.42¢



gparametcr‘ - ;un'its :
[ Date | 5/2/9) —>
Time ! S:3fm! 6190 | b:30 | 7i0o | T30
Run B |
T e |
E Heat of Btu/#
fl'J‘Ornbu-s‘t'icn Jgal
i;\.PI gravity :@ 60 '
:i.'-'1,~)w lr: | !
e o 1480 419 L vey | 481 | 98]
S'nw'l Headcor [PSIG E QSb ' C?S_S QS‘S ?S;L ?5’& 3
et 7950 My |19 | 79 1 79
'SuTfur % Py !
, 2 E;’?,::‘v i i
Caatan /T e .i'!b/'fb! .3/' ! -3/, -3/l -3/, _3/, l
i Watrer , | '
E N Py e e s
| DEHA 200 | D> 45 > > L :
Temp deg F 7‘0 10 To 70 é 7 3
| ow gem 113, 9 7.9 I8, | /g./ /8. [
Combustor
ELP."essure psig 78:\ "} "]6 7<o7 ’72 |
avg outler jdeg F| W27 | HLAB | 4LLY | /v5% /95%
spread 3deg F }(9'7 154 \g"] /62 /é 7 :
max / min jdes FUISNYL 0 U eal T aau 31396 P 57, |
avg stack deg F| ML) ""]'7L'."Z’ 7% 773 2 7 A ;
max / min deg F 783/-—773 7181 /'7QQ3 %‘/’)4_32 777 /747 77?/ 765/§
'Meg Watts MW R{o: g 2~6>§ -2: : q?é.s- A?CQ/ !
Humidity % 294 29 — o 9 27 :
Amb Temp deg F LDE (07 (06) éé 6(7( :
LBar* Precs mmHG ZQ%?)’I‘ ! ')ﬂ.@ﬁ,?“% c?? 35\,/

29.85V



Parameter runits !
¥

'Date ! 5’/1/@/ —

Time ! B:000w| B30 i 9:00 £

iRun 'tt l

| ! L

! FUEL | |

;! Heat of EBtu/ni 5

!Combustion E/ga? ,

iAPI gravity gm'so

. ! .

',!~'!ow fGPM L/ ./ L/g / gg,/

EFue'I Header ;DSIG ; /75;\1 750 ?5:\7)

”'c'np ?d?g f" '7‘2 i ’7? ’7? :

;Su'!fur' %t owt ‘ % 2 : :

;\I.? aom , i v i

,’.«iagj? JrFael ‘b/]bs .3 /, ! 03/’ ' 03/‘ é

| Water ; | %

. oozds L — s

! ' 1

§OEHA 5,’3pb > L;LS'Q —> —_—t_=

et e LT 27 |

o joem 1 /2.9 (/7.7 /27D
Combustor

'p,eﬁsure peig 7g 9, 2{,5’ | 77

avg outlet deg F /L/57/ /4/77 /‘/?/i !

’Eread gdeg F /63 /5? /6 0 §

max / min_deg B[/ )35/ Tl |

} 7 1

avg stack 1deg F 770 7(07 764 E

max / min deg F 774/769/ 773/760 772/76() l

Meg Watts MW o?(g, ‘:// a?é,{ 072,5/ :

Humidity % 3 ) 3 / 3? ;

Amb Temp deg F é'jz A "/ 63 .

|Bar Press mmHG | 9. g4\ 9?5"/\// 9. 377'\




Correction Factors for Various Parameters vs.
Compressor Inlet Temperature
Fig. Al-5
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Table DS.. TYPICAL PHYSICAL PROPERTIES OF FUEL OILS
____—______—_-r__——__—§ : : —
Pacific standard No. PS No. 100 PS No. 200 PS No. 300 PS No. 400

Grade 1 2 3 5 é
Common name Kerosine |Distillate |Straight-run fuel oil Low-crack fuel oil | Heavy-crack fuel oil
~ | carbon(C) 84, 7% 85.8% 87.5% 88.3%
Hydrogen (H) 15.3% 12. 1% 10. 2% 9.5%
a| Sulfur (S) 0.02% 1.2% 1.1% 1.2%
al water (H20) - - 0.05% 0.05%
a| Other, . - 0. 9% 1. 1% 1.0%
1] (*Be) 41.8° 26.2° 16.5° 8.9
y{ lb/gal 6.83 | 7.50 8 8.33
s| Sp gr 60°/60° 0.82 120 Q.90 0.96 1
i | Approximate Y 5)
PSCF nm
s| Btu/gal 135, 000 m 2,000 146,000 152, 000
Approximate
Btu/1b 19,910 18, 950 18, 250 18, 000
1 2
s Max viscosity - - 45 sec (IOO'F)b 40 sec (122°F)< 300 sec (122°F)¢
p c| Flash) Min 110°F 125*F 150°F 150°*F 150°F
e a| point) Max 165°F3 19o-r‘ﬁ 200°F* - -
¢ t| Max water and]
i i| sediment 0. 05% 0.05% 0.1% 1. 0% 2.0%
£ o| Max 10% point{ 420°*F 440°F 460°F - -
i nl Max 90% point - 620°F 8§75°F - -
"e 3| Max endpoint 600°F - - - -
*or legal maximum,
bSaybolt Universal.
€Saybolt Furol,
“Sulfux- contents are only typical and will vary in different locales.
Fuel wpe Fu ange
Coak
ANUVECIS S1G GO creromrscorrnne]  1.016=1.130
it tna 1.083-1.230
O 1.260-1.413
Res ) 1.210-1.370
Gan:
Netwsl 1.600-1.838
Propene 1.434-1.588
Butane 1.406-1.853
Waod 1.000-1.120
Wood bark 1.003-1.130

e n gy

Combustion Data Based on | Pound of Fuel Qil




W301G GAS TURBINE INIT

Contrel Curve

Exhaust Temperature vs Combustor Shell Pressure

Fig. Al-1

—r

This is not an authorized control curve as it was developed from
an unidentified plot (Appendix 4, Fig. A4-5) for a W301G with
14.7 psia ambient press., 2"H20 inlet loss (IL), 12"H20 exhaust
loss (EL), 3600 rpm, and 1450°F turbine inlet temp. An algorithm
of 7°F/10"H20 E.L was used to correct to 2"E.L.
temperature at 2"EL is 7°F lower than that for 12"EL.

The exhaust

T3 ,
A i~ 147 P

=2 nidigy

EXRAST PRESS LogS - Eav 20
SPER0 =Y aanEH

arw gy

BATE TONW. /12 TTOY- i sox
88h(4h&!ﬂumrrvaw¢hna$-

. CRwapl) Arace,
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SPECIAL INFORMATION
Ratings, Capacities, and Operating Data

GAS TURBINE

Simple Cycle, Single Shaft

Model W-301 G . . ... ... ...,

Capacity at 80°9F; 14,17 psia
Rated Power . . . ... e

Gas Turbine Shaft Speed ., . . . .

Maximum Turbine Inlet Temperature
as Calculated by. Heat Balance. . . .

Serial No, 17A1744-1 & 2

27,000 KW Base

© 29,000 KW Peak

3600 rpm

1450°F Base Load
15009F Peak Load

(See also "Temperature Considerations'')

Fuel - Start and Run on Gas/Liquid Fuel.

{Automatic Transfer)

Starting Unit - (Waukesha Diesel Model No. L1§16DS1T)

760 HP @ 2200 Crankshaft RPM

Fitted with Twin Disc Torque Converter

Series 11500 MS 540 HD

MAIN LURBE QOIL PUMP - Direct Driven Centrifugal Type

Mounted at the exhaust end of the gas
turbine rotor.

_Capacity .

Speed .....

PRIMARY AUXILIARY LUBE OIL PUMP
Motor Driven . . . . .« ¢ ¢ ¢ ¢ & o &

CQPQCitY..........oo..oo
Speed, . . ... ... .. ..

S00 gpm at 125 psig
3600 rpm

25 HP, 60 cycle, 440 volt
300 gpm at 218 ft. head
3500 rpm

SECONDARY AUXILIARY LUEE OIL PUMP

Motor Driven . , . .' ......... '
Capacity . . . . .. ... v e e e s
Speed. . . . . . .. i e e

3 HP, 12§ Vde
150 gpm at 42 ft. head
1750 rpm

Page 21
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