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Abstract 
 

Predictive Emission Monitoring (PEM) models have been developed for three gas turbine engines employed 

in natural gas compressor stations on TransCanada, Alberta System.  These are RR-RB-211, GE-LM2500 and 

GE-LM1600, all non-DLE units.  The PEM models are based on an optimized Neural Network (NN) 

architecture which takes 4 or more fundamental engine parameters as input variables.  The model predicts 

NOx emission in ppmv-dry-O2 corrected and in kg/hr.  The NN models were trained using Continuous 

Emission Monitoring (CEM) measurements taken at each station and comprising several sets of actual 

emission data collected over the four seasons of the year where  ambient temperatures were vastly different (-

20 
o
C to +20 

o
C).   These training data were supplemented by other emission data generated by Cycle Deck 

tools to generate emission data at different ambient temperatures ranging from -30 to +30 
o
C.   The outcome is 

emission data of engine emissions at different operating conditions covering the range of the engine operating 

parameters from minimum to maximum loads.  The PEM models comprise simple single layer perceptron type 

NN with only two neurons in it.  The performance of the NN-based model showed a correlation coefficient 

greater than 0.99, and error standard deviation of 4.5 ppmv of NOx and 1.4 kg/hr as NO2.   Uncertainty 

analysis was conducted to assess the effects of uncertainties in the engine parameters on the NOx predictions 

by PEM.   It was shown that for uncertainty in the ambient temperature of +1 
o
C, the uncertainty in the NOx 

prediction is + 0.9-3.5%.   Uncertainties of the order of +1% in the other three input parameters results in 

uncertainties in NOx predictions (ppmv or kg/hr) by +2.5 to +6%.   Data from the implemented PEM models 

on the three aforementioned gas turbines were collected over a period of one year and compared with AP-42 

emission factors.  Results of these comparisons are summarized. 
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1.  Introduction 
 

The EPA publishes emission factors for gas turbines in its Compilation of Air Pollutant Emission Factors, 

Volume I Stationary Point and Area Sources, EPA (Environmental Protection Agency) Publication No. AP-42 

[1].  The document has been published since 1968 as the primary compilation of EPA’s emission factor 

information. Government regulatory agencies, industry and others use the document to estimate emissions of 

atmospheric pollutants, a critical step in the development of effective air management strategies.    

 

In Canada, actual NOx emissions from the pipeline industry are generally not accurately determined since 

CEM systems are not required on compressor drivers.   As an alternate method to quantify the NOx emission 

from small-to-medium size gas turbines typically used in pipeline systems, a PEM system can be easily 

developed to provide a better and a credible estimate of NOx emissions from these engines at all loads and at 

prevailing ambient conditions.  Once integrated on a yearly basis, a PEM system would provide a better 

estimate of the NOx emissions from these engines compared to typical estimation methodologies that rely on 

the AP-42 emissions factors.    

 

Current technologies related to NOx emissions have advanced rapidly in the past few years to the point that 

PEM models are now generally accepted for gas turbine applications and are in compliance with CFR Parts 60 

and 75 [2,3].  These are shown to offer greater accuracy [4,5] and faster response time (in terms of downtime 

avoidance) than CEM techniques. They can also provide advance results for a specific set of operating 

conditions [6-9].   

 

Hung’s work on predicting emissions from gas turbines [10] indicates that too much emphasis has been placed 

on modeling chemical kinetics and not enough on the physical processes of combustion.  By and large, NOx 

formation was based on finite-rate reaction kinetics and the widely accepted Zeldovich mechanism [11]. 

Subsequent revisions to the model incorporated a number of features, including the effects of ambient 

humidity and temperature, water injection, synthetic coal gas combustion and fuels containing nitrogen in the 

combustor [12]. 

 

Several empirically developed correlations to predict NOx emissions are listed in [13-15] with combustor 

pressure, overall fuel-air ratio, combustor inlet temperature, combustor air flow rate and residence time as 

input variables. These correlations are very useful when applied to specific machines, specific fuels and under 

specific operating conditions.  Recent efforts attempted to improve accuracy of semi-empirical correlations 

through optimization methods [16-19].  

 

In the present study, emission prediction models have been developed based on an optimized Neural Network 

(NN) architecture that takes 4 fundamental engine parameters as input variables, and predicts NOx as an 

output variable.  The paper will first describe the model development demonstrated on a GE-LM1600 gas 

turbine employed in natural gas compressor station on the TransCanada Pipeline System in Alberta, Canada.  

Here, the NN is trained using two sets of actual emission tests conducted on the gas turbine. A total of 387 

tests were conducted on two different dates, and at different operating conditions covering the range of the 

engine operating parameters (see Appendix A). This set of data was supplemented by ‘Cycle-Deck’ data 

generated by a NOx prediction module developed by GE (see Appendix B).  The technique is the same as that 

followed in developing a PEM module for an RR-RB211-24C engine reported in [20] and for a GE-LM2500 

reported in [21].  Data from the implemented PEM models on the aforementioned three gas turbines were 

collected over a period of one year and compared with AP-42 emission factors.   
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2. AP-42 Emission Factors 
 

AP-42 Chapter 3.1 [1] uses an emission factor which is a representative value that attempts to relate the 

quantity of a pollutant released to the atmosphere with an activity associated with the release of that pollutant.  

For natural gas-fired gas turbines, these factors are usually expressed as the weight of pollutant per unit fuel 

volume burned or its equivalent heating value (e.g. kg/m
3
 or kg/GJ).  Such factors facilitate estimation of 

emissions from various sources of air pollution.  In most cases, these factors are simply averages of all 

available data of acceptable quality, and are generally assumed to be representative of long-term averages for 

all facilities in the source category.   

   

Emission factors in AP-42 Chapter 3.1 have been determined from gas turbines with no add-on control devices 

(uncontrolled) as well as from controlled engines.   There are three generic types of emission controls in use 

for gas turbines, wet controls using steam or water injection to reduce combustion temperatures for NOx 

control, dry controls using advanced combustor design to suppress NOx formation and/or promote CO 

burnout, and post-combustion catalytic control to selectively reduce NOx and/or oxidize CO emissions from 

the turbine [1].  Other recently developed technologies promise significantly lower levels of NOx and CO 

emissions from diffusion combustion type gas turbines. These technologies are currently being demonstrated 

in several installations. Note that the emission factor (EF) of NOx for an uncontrolled engine is: 

 

All Loads: 

EF = 0.127 kg/GJ (0.295 lb/MMBtu) – based on HHV 

 

Loads greater than or equal to 80%: 

EF = 0.139 kg/GJ (0.32 lb/MMBtu) – based on HHV 
 

 

 

3.  CEM Measurements  
 

Field measurements were taken to determine the variation of emission levels from an GE LM1600 gas turbine 

used at a natural gas compressor station on the TransCanada Pipeline System in Alberta at various loads, i.e., 

engine power output. The tests were performed on two different dates and at different operating conditions 

covering the range of the engine operating parameters.  The levels of NOx, CO, CO2, O2 and moisture in the 

exhaust stack were measured by CEM [22] using instruments and on-site calibration techniques approved by 

the U.S. EPA [23], i.e.: 

 

 Carbon Monoxide- EPA Method 10 

 Oxides of Nitrogen –EPA Method 7E 

 Carbon Dioxide –EPA Method 3A 

 Oxygen –EPA Method 3A 

 Total Hydrocarbons –EPA Method 25 

 

The moisture content is measured according Alberta Environment Method 4 [24]. 

 

In particular, the NOx measurements were made with an approved chemiluminescent continuous analyzer.  

These measurements were broken down to total NOx and NO component, both in ppm by volume (dry and 

corrected to 15% O2).  The uncertainty in the measurements of NOx is typically <2% of calibration span of the 

analyzer. 
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Pertinent engine performance parameters and ambient conditions at the site were obtained from the station 

data acquisition system. These parameters were: ambient temperature, the engine shaft speed (N1), air 

compressor discharge pressure (P3) and fuel gas flow rate (Qf), i.e., a total of four engine parameters.  Gas 

samples were also taken to determine the composition of the natural gas used for fuel gas (Table 1). 

 

Table 1: Mixture Composition of the Fuel Gas. 

 
 

For each test point, the engine speed was adjusted to reach the desired power output. The engine was allowed 

to stabilize over a twenty-minute period before the engine condition was changed.  The unit load was varied 

from roughly 33 percent to maximum load to give several operating points on each test date.  Results of these 

tests along with the pertinent gas turbine parameters are given in Appendix A.  Emissions in terms of NOx (in 

ppm-dry-15%O2 corrected and in kg/hr) are plotted in Figs. 1 and 2 vs. fuel consumption, respectively. The 

variations in the NOx emission for a given fuel consumption is due to variations in the ambient conditions, 

engine speeds and output shaft power.  The overall trend of increasing NOx with increasing load (and hence 

Qf) is due to the higher temperatures in the combustor, which leads to additional NOx via the thermal 

mechanism. These higher combustor temperatures result from higher compressed air temperatures and lower 

air-to-fuel ratios as the unit load is increased.  

 

The above data were supplemented by a set of data generated by a ‘Cycle-Deck’ prediction tool developed by 

GE to cover ambient temperatures outside the range of those of the actual CEM tests.  The temperature range 

considered was from -30 
o
C to + 30 

o
C at an increment of 10 

o
C.   The generated data are given in Appendix B 

and are also plotted in Figs. 1 and 2.  It is shown that the GE ‘Cycle-Deck’ generated data are in line with 

those obtained from the actual CEM tests.  A statistical generated noise around these data points of a standard 

deviation= 0.5% was applied to each of the input and output variables in order to increase the number of data 

points to match that of the number of measured data point so as to balance the influence of the two sets.     

Both sets of data, i.e. the CEM measured data set and the ‘Cycle-Deck’ generated data are then used in the 

training the NN based PEM model described in the following Section.  Training NN is the most crucial and 

important step in NN-based PEM development and must be conducted with attention to the resulting accuracy 

and performance of the best or optimized NN architecture. 

 

 

Mole %

METHANE        91.387

ETHANE         5.025

PROPANE        1.418

i-BUTANE       0.166

n-BUTANE       0.223

i-PENTANE      0.051

n-PENTANE      0.039

C6+  0.045

Helium 0.033

NITROGEN       0.679

CARBON DIOXIDE 0.934

Total 100.00
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Figure 1: Measured and GE Cycle-Deck NOx Emission Data (in terms of ppmv-dry-15%O2). 

 

 

Figure 2: Measured and GE Cycle-Deck NOx Emission Data (in terms of kg/hr). 
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4.  Neural Network Based PEM   
 

Neural Network architecture was then developed as a basis for a PEM model.   The input parameters are the 

four engine parameters identified, while only NOx was taken as the output parameter (either in ppmv-dry-

15%O2, or in kg/hr).  Three types of NN architectures were considered and the respective training algorithms 

were applied to the training set. These were: Multi-Layer Perceptron (MLP), Radial Basis Function (RBF), 

and Generalized Regression NN (GRNN).  These Networks were based on feed forward architectures with 

back-propagation optimization during training of the network [25].   In the case of MLP, the processing 

elements, called ‘neurons’, receive weighted sum of signals from neurons in the layer directly before it and 

send signals to the neurons in layer following it through a function called the activation function, using the 

following formulation: 

 

]BZw[Z
)k(Mj

j

j,kj,i,ki,k  






1

1

1        (1) 

 

where 

k   -    layer number. 

i,j   -    neuron indices. 

M(k)   -    total number of neurons in layer k. 

Zk,i      -    output of neuron i in layer k. 

wk,,i,j   -    weight between neuron j in layer k–1 and neuron i in layer k. 

B  - a threshold value. 

      -    function to be applied at each neuron. 

A variety of optimization techniques can be used to find the weights (w), the most common of which are the 

back propagation, conjugate gradient descent, and quick propagation techniques [25].  Several papers survey 

the various types of networks, describing their architecture, learning algorithms and applications, e.g., [26,27].    

 

In the present work, the number of neurons in each hidden layer in each of the three structures mentioned 

earlier was varied, and overall normalized error was determined for each NN architecture.  It was found that 

the simplest architecture with the least error was of an MLP type with one hidden layer of 2 neurons as shown 

in Fig. 3.  All of the neurons in this architecture are of linear type, which perform a weighted sum of their 

inputs, biased by a threshold value (see Eq. 1).  The activation functions are of a hyperbolic type, except for 

the input layer, consisting of the four neurons corresponding to the four input engine parameters shown, 

which was linear.  The architecture’s weights and thresholds constitute the main fitting parameters for 

implementation in the PEM model.   
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Figure 3: MLP Architecture for NOx Prediction. 

 

Sensitivity analysis was then conducted to assess the influence of each of the four input parameters on the 

output parameter, i.e. the predicted NOx.  Table 2 shows the results of this analysis in terms of ranking each 

parameter from highest (rank 1) to the lowest (rank 4).  The criterion used in ranking is based on 

determination of the ratio of the network error if each input is eliminated sequentially to the overall network 

error when all inputs are present.  Ratios close to or less than 1.0 indicates near-irrelevant inputs, while large 

ratios indicate particularly important input variables.   It was found that, the fuel flow (Qf) is the highest 

sensitive parameter in so far as NOx prediction by this model.  Training this network using the 1872 data 

points resulted in a good fit with a correlation coefficient greater than 0.98 as shown in Table 2.   The standard 

deviation of the error in the prediction of NOx in terms of ppmv-dry-15% O2 is 3.9 ppmv, and in terms of 

kg/hr is 0.43 kg/hr.  This should not be misconstrued as being the error of NN prediction; it is rather an 

indication of how well the NN has been trained to match the measured values.  

 

 

Table 2: Training Performance and Sensitivity of the MLP Neural Network Architecture. 

 

 

 

 

 
 

 

Profile : MLP 4:4-2-1:1 ,  Index = 1

Train Perf. = 0.123275 ,  Select Perf. = 0.137058 ,  Test Perf. = 0.135615

Tamb

Qf

P3

N1

NOx

(ppmv- dry-15% O2)

Hidden Layer

Profile : MLP 4:4-2-1:1 ,  Index = 1

Train Perf. = 0.123275 ,  Select Perf. = 0.137058 ,  Test Perf. = 0.135615

Tamb

Qf

P3

N1

NOx (kg/hr)

Hidden Layer

NOx (ppm)

Tamb N1 P3 Qf

2 4 3 1 0.9874 3.9

NOx (kg/hr)

Tamb N1 P3 Qf

3 2 4 1 0.9948 0.43

Ranking Correlation 

Coefficient

Error S.D. 

(ppm)

Ranking Correlation 

Coefficient

Error S.D. 

(kg/hr)
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5.  Results and Uncertainty Analysis   
 

Figures 4 and 5 show the PEM results after training the NN and comparison with the actual data used in the 

training. Good agreement is demonstrated based on NOx in terms of both ppmv and kg/hr).  The 

corresponding error distribution as a function of fuel flow are shown in Figs. 6 and 7, which show that these 

error in NOx is contained within +10 ppmv and  +2 kg/hr.  

 

Emission factors in terms of Kg of NOx per GJ of fuel burned are compared with values set forth by AP-42 of 

0.127 kg/GJ (all loads), or 0.139 kg/GJ (for loads greater than 80%), and are shown in Fig. 8a.   It indicates 

that for the most part, the actual NOx emission factors are predominantly below AP-42 values.  Comparison of 

the measured NOx emissions with emission intensity guidelines for stationary combustion turbines published 

by CCME (Canadian Council of Ministers of the Environment) in 1992 [28] is shown in Fig. 8b.  It clearly 

indicates that the LM1600 unit in question for the most part exceeds the emission intensity level according to 

1992 CCME guidelines.  It should be noted that this unit was installed well before 30 November 1994.        

 

Uncertainty analysis was then conducted to assess the error on PEM predictions due to error in measuring any 

of the four engine parameters.  Estimates of error in measuring the engine parameters are as follows: 

 

1. Error in ambient temperature (Tamb) = +1 
o
C. 

2. Error in engine speed (N1) = +1% 

3. Error in compressor discharge pressure (P3) = +1% 

4. Error in fuel flow (Qf) = +1% 

 

The results of this uncertainty analysis are summarized in Table 3.  It was shown that for uncertainty in the 

ambient temperature of +1 
o
C, the uncertainty in the NOx prediction is +0.9 to +3.5%.   Uncertainties of the 

order of +1% in the other three input parameters result in uncertainties in NOx predictions in the range of +2.5 

to +6%.    

 

 

Figure 4: Comparison Between PEM Predicted vs. Measured and Cycle-Deck Data (in terms of ppmv-

dry-15%O2). 
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Figure 5: Comparison between PEM Predicted vs. Measured and Cycle-Deck Data (in terms of Kg/hr). 

  

 

Figure 6: Error in PEM Prediction (in terms of ppmv-dry-15%O2). 
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Figure 7: Error in PEM Prediction (in terms of Kg/hr). 

 

 

 

Figure 8a: Measured Emission Factor and Comparison with AP42 Emission Factors. 
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Figure 8b: Measured Emission Factor and Comparison with 1992 CCME Emission Intensity. 

 

 

Table 3: Summary of the Uncertainty Analysis. 

 

 

 

 

6.  Implementation  
 

The above PEM model was implemented in two similar units employed in the station.    The implementation 

was achieved via a module written in C++ and uploaded to the Compressor Equipment Health Monitoring 

(CEHM) system of the station.  Figures 9 and 10 show collected data from the station CEHM system as a 

function of fuel flow rates. 
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Figure 11 shows hourly data over one year of emission inventory for both units (#6 and #7), in terms of Kg/GJ 

of fuel), based on predictions by present PEM model (Units 6 & 7).  The two EF values of AP42 are also 

shown for comparison.   It is shown that the predicted emission factors are below the higher AP42 EF value of 

0.1392 kg of NOx/GJ of fuel.   This led to perform a calculation to determine the total emission inventory for 

the two units over this one year period using the present PEM model in terms of tones of NOx emitted.   A 

comparison is also made with the AP 42 EF values and the 80% load rule.   The results are shown in Table 4, 

which indicates that Unit 6 actually emitted 20.99 tonnes of NOx, while if the AP42 EF values and 80% load 

rule is applied, an estimate of NOx emission would be 39.31 tonnes, which is nearly double the value 

predicted by PEM.  Similar results are obtained for unit 7 as depicted in Table 4. 

 

Finally, based on the measured data obtained for the RB211 [20], GE LM2500 [21], and that for the GE 

LM1600 engine reported here, comparisons are made between these three engines of the respective NOx 

emission.  These comparisons are shown in Fig. 12 (in terms of NOx in ppmv-dry-15%O2) and Fig. 13 (in 

terms of NOx in kg/hr).   It appears that GE LM2500 emissions are higher than the RB211 engines for the 

same fuel flow rate.  NOx emission from GE LM 1600 engine is slightly higher than GE LM2500 at the same 

range of fuel gas flow.  This likely due the higher combustion temperature in the LM1600 engines than in the 

LM2500 (e.g. fuel flow rate of 3500 m3/hr, LM1600 would be close to full load, while LM 2500 would be at 

50% load). 

 

 

 
 

Figure 9: Estimate of One Year Emission Inventory (in terms of ppmv-dry-15%O2) based on 

Predictions by Present PEM Model (Units 6 &7). 
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Figure 10: Estimate of One Year Emission Inventory (in terms of Kg/hr )based on Predictions by 

Present PEM Model (Units 6 & 7). 

 

 

Figure 11: Hourly Data over One Year of Emission Inventory (in terms of Kg/GJ of fuel) based on 

Predictions by Present PEM Model (Units 6 & 7) and Comparison with AP42 Emission Factors. 
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Table 4: Comparison of NOx Emission Inventory from Units 6 and 7 over One Year Period, and 

Comparison with AP42 Emission Factors.   

 

 
 

 

 
Figure 12: Comparison between Measured NOx Emission (in terms of ppmv-dry-15%O2) from three 

Different Gas Turbines Employed on Natural Gas Compressor Stations. 
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Figure 13: Comparison between Measured NOx Emission (in terms of kg/hr and kg/GJ) from three 

Different Gas Turbines Employed on Natural Gas Compressor Stations. 
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7.  Concluding Remarks  
 

The following five main conclusions can be drawn from the present investigation: 

 

1. A simple Multi-Layer Perceptron type Neural Network with one hidden layer was found to be the 

optimum architecture for predicting NOx levels with a standard deviation of the error on the order of 

+3.9 ppmv or +0.43 kg/hr.   

 

2. It appears that actual NOx emissions from the LM1600 engine at all loads are below the AP-42 full load 

value.   It was pointed out that NOx emissions inventory from a specific engine or a fleet of the same 

engine can be better quantified from a PEM model than from one or two values of EF provided by AP-

42.   This is because PEM models take into account engine parameters, particularly the fuel consumption 

(which is related to load), as well as ambient temperature in estimating the emission factors. 

 

3. One year worth of emission inventory of two LM-1600 units employed in the same compressor station 

indicate that the actual emission inventories over this period is almost ½ of that predicted by the AP42 EF 

values and 80% load rule. 

 

4. Finally, based on the measured data obtained for RB211, GE LM2500, and GE LM1600 engines, it was 

shown that GE LM2500 emissions are higher than the RB211 engines for the same fuel flow rate.  These 

two engines are close to each other in terms of their ISO rated power.   NOx emission from GE LM-1600 

engine is slightly higher than GE-LM2500 at the same range of fuel gas flow.   

 

5. Close correlations between field test results and the PEMS predictions are demonstrated.  This 

demonstrates that PEMs are viable alternative to CEMs, and produce more realistic results than using 

AP-42 factors.    
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APPENDIX A 

Measured NOx Data (GE-LM1600)

  

    

 

Tamb 

(deg C)
N1 (RPM) N3 (RPM)

CDP 

(kPa-a)
Qf (m3/hr)

Measured 

NOx (ppmv-

dry-15% O2)

Measured 

NOx (kg/hr) 

21.5 13165.2 6960.9 1876.1 3744.0 141.6 22.8

21.3 13164.1 6984.5 1887.1 3766.8 141.6 22.9

21.2 13175.6 6982.6 1894.2 3608.9 141.6 22.0

21.3 13183.0 6990.4 1892.1 3623.3 141.9 22.1

21.2 13183.6 6984.9 1890.0 3633.5 142.1 22.2

21.3 13184.0 7008.5 1892.0 3633.8 142.2 22.2

21.3 13187.2 7004.4 1888.8 3649.3 141.8 22.2

21.3 13189.0 6994.5 1887.0 3660.5 141.5 22.3

21.2 13176.7 7008.5 1885.1 3561.9 140.7 21.6

21.2 13171.3 7028.6 1886.6 3561.9 140.7 21.6

21.3 13172.0 6992.5 1888.0 3569.2 140.7 21.6

21.4 13165.5 7004.5 1886.1 3568.1 135.9 20.8

21.6 13154.9 6996.5 1879.8 3572.3 128.9 19.8

21.8 13080.0 6874.4 1833.1 3367.8 127.9 18.5

21.7 13039.1 6866.4 1810.9 3352.3 127.8 18.4

21.6 13038.0 6866.4 1812.0 3362.6 127.2 18.4

21.4 13038.0 6854.4 1809.4 3358.5 127.1 18.4

21.3 13036.7 6836.3 1815.7 3369.9 127.0 18.4

21.3 13034.1 6844.3 1819.4 3369.9 127.0 18.4

21.4 13033.0 6860.4 1813.8 3369.9 126.8 18.4

21.3 13027.2 6868.4 1810.4 3356.4 126.7 18.3

21.3 13024.0 6844.3 1810.0 3356.4 126.3 18.2

21.4 13019.2 6854.4 1811.6 3352.3 122.4 17.6

21.3 13022.0 6720.2 1812.0 3349.1 116.4 16.8

21.3 12910.0 6694.2 1753.0 3270.3 116.1 16.3

21.4 12901.2 6710.2 1739.9 3173.7 116.3 15.9

21.4 12896.6 6698.2 1744.9 3168.6 116.2 15.8

21.5 12893.0 6678.1 1747.0 3178.9 116.0 15.8

21.6 12891.1 6694.2 1747.6 3167.5 115.9 15.8

21.8 12889.3 6680.1 1736.4 3185.2 115.7 15.8

21.7 12888.7 6720.2 1738.9 3156.1 115.8 15.7

21.7 12887.4 6694.2 1739.7 3162.3 113.5 15.4

21.8 12887.0 6580.0 1739.0 3158.2 107.7 14.6

21.9 12771.4 6538.0 1678.7 3019.1 106.7 13.9

22.0 12770.0 6544.0 1678.0 3019.1 106.9 13.9

22.0 12766.0 6556.0 1677.0 3015.0 106.4 13.8

21.9 12758.3 6538.0 1673.1 3000.4 106.9 13.8

21.9 12765.6 6556.0 1677.6 3004.6 106.8 13.8

21.8 12765.1 6554.0 1677.4 3002.5 106.7 13.8

21.6 12764.0 6572.0 1677.0 3004.6 107.0 13.8

21.5 12760.8 6562.0 1679.6 3015.0 107.1 13.9

21.4 12759.0 6560.0 1681.0 3009.8 105.8 13.7

21.5 12760.9 6528.0 1679.1 3007.7 99.7 12.9

21.6 12656.0 6389.8 1626.0 2966.2 98.5 12.6

21.7 12653.4 6397.8 1620.8 2854.1 98.2 12.1

21.8 12657.2 6397.8 1618.0 2854.1 98.7 12.1

21.9 12661.3 6393.8 1619.3 2844.7 99.1 12.1

22.0 12662.0 6407.8 1620.0 2870.7 99.1 12.2

22.1 12648.0 6409.8 1615.0 2860.3 99.0 12.2

22.2 12640.3 6399.8 1612.4 2845.8 98.6 12.1

22.2 12633.4 6397.8 1611.6 2845.8 98.3 12.0

21.8 12628.0 6399.8 1605.0 2842.7 98.2 12.0

21.7 12620.0 6403.8 1607.0 2831.3 98.8 12.0

21.9 12620.0 6399.8 1603.8 2836.4 98.6 12.0

22.0 12625.1 6385.8 1602.0 2840.6 96.8 11.8

21.9 12628.0 6261.6 1602.0 2834.4 91.6 11.2

22.0 12559.9 6249.6 1568.6 2711.9 90.9 10.6

22.1 12519.0 6237.6 1539.0 2681.8 90.7 10.5

22.1 12517.0 6243.6 1546.0 2667.3 90.7 10.4

22.2 12520.6 6271.6 1547.8 2680.8 90.6 10.4

22.2 12525.0 6245.6 1553.0 2678.7 90.7 10.4

22.1 12526.3 6241.6 1545.3 2666.2 91.2 10.5

22.1 12524.4 6253.6 1538.4 2666.2 91.2 10.5

22.2 12523.0 6255.6 1537.0 2674.5 89.7 10.3

22.3 12515.3 6255.6 1537.6 2674.5 85.4 9.8

22.3 12462.8 6101.4 1501.4 2638.2 84.6 9.6

22.4 12435.4 6091.4 1482.3 2527.2 84.8 9.2

22.6 12435.6 6091.4 1482.4 2533.4 84.8 9.2

22.5 12430.9 6091.4 1477.5 2527.2 84.9 9.2

22.3 12428.0 6115.5 1475.0 2533.4 85.0 9.3

22.2 12437.6 6093.4 1482.1 2529.2 85.1 9.3

22.3 12435.3 6099.4 1482.1 2544.8 85.3 9.3

22.4 12431.0 6099.4 1480.0 2535.5 84.9 9.3

22.4 12438.7 6097.4 1484.5 2538.6 82.0 8.9

22.2 12443.0 5951.3 1487.0 2517.8 79.2 8.6

22.5 12347.9 5961.3 1433.3 2403.7 79.5 8.2

22.7 12348.7 5937.2 1433.5 2415.1 79.5 8.3

22.6 12348.0 5951.3 1431.0 2414.0 79.5 8.3

22.6 12349.3 5941.2 1432.3 2412.0 79.5 8.2

22.7 12348.7 5955.3 1430.4 2410.9 79.3 8.2

22.8 12348.0 5949.3 1429.0 2410.9 79.5 8.2

23.0 12348.0 5939.2 1428.0 2408.9 79.5 8.2

23.1 12348.0 5953.3 1432.5 2416.1 79.6 8.3

23.2 12348.0 5955.3 1435.0 2420.3 76.1 7.9

23.3 12348.0 5797.1 1435.0 2413.0 73.7 7.6

23.4 12237.6 5805.1 1375.6 2304.0 73.4 7.3

23.3 12254.4 5797.1 1379.2 2285.3 74.0 7.3

23.5 12251.4 5815.1 1373.3 2284.3 74.0 7.3

23.7 12254.6 5791.1 1377.3 2292.6 74.3 7.3

23.8 12262.6 5799.1 1380.7 2287.4 74.3 7.3

23.9 12262.7 5807.1 1374.9 2292.6 74.5 7.3

24.0 12262.0 5795.1 1372.0 2307.1 74.5 7.4

23.9 12262.6 5797.1 1377.8 2299.9 72.4 7.2

24.0 12257.2 5801.1 1373.9 2286.4 69.2 6.8

24.0 12172.5 5638.9 1336.0 2165.0 68.8 6.4

24.1 12127.6 5644.9 1318.9 2174.3 69.1 6.5

24.0 12133.1 5654.9 1325.8 2171.2 69.2 6.5

23.9 12140.5 5650.9 1330.3 2176.4 69.2 6.5

23.7 12143.0 5652.9 1331.0 2178.4 69.4 6.5

23.6 12129.5 5658.9 1323.9 2185.7 69.3 6.5

23.5 12122.0 5662.9 1320.0 2170.1 69.0 6.4

23.8 12265.4 5763.0 1373.3 2298.8 75.5 7.5

23.5 12269.0 5801.1 1372.9 2302.0 75.7 7.5

23.5 12274.2 5795.1 1377.0 2310.3 75.2 7.5

23.7 12269.8 5791.1 1374.0 2305.1 74.7 7.4

24.1 12265.3 5793.1 1370.0 2303.0 74.5 7.4

24.6 12266.0 5787.1 1371.9 2302.0 74.4 7.4

24.9 12264.7 5799.1 1373.0 2298.8 74.4 7.4

24.9 12264.0 5787.1 1373.0 2293.7 74.4 7.3

24.8 12268.0 5795.1 1370.0 2292.6 76.1 7.5

24.7 12261.6 5797.1 1373.2 2293.7 80.1 7.9

24.6 12345.4 5949.3 1431.2 2404.7 80.6 8.3

24.3 12345.0 5955.3 1433.0 2421.3 80.6 8.4

24.1 12347.0 5941.2 1429.0 2425.5 80.4 8.4

24.2 12347.0 5945.3 1429.0 2427.5 80.2 8.4

24.4 12350.0 5947.3 1430.0 2421.3 79.9 8.3

24.4 12341.0 5947.3 1426.3 2418.2 79.8 8.3

24.3 12340.4 5937.2 1427.0 2405.7 79.8 8.3

24.1 12340.0 5949.3 1430.8 2405.7 79.8 8.3

24.1 12341.3 5951.3 1427.2 2406.8 83.3 8.6

24.2 12342.0 6095.4 1424.0 2405.7 86.2 8.9

24.3 12444.0 6107.4 1479.0 2516.8 86.2 9.3

24.5 12445.9 6093.4 1480.3 2546.9 86.3 9.5

24.6 12447.0 6105.4 1481.0 2532.4 86.6 9.4

24.6 12447.6 6103.4 1479.1 2536.5 86.6 9.4

24.5 12448.0 6115.5 1478.0 2539.6 86.0 9.4

24.5 12439.0 6089.4 1472.9 2542.7 85.7 9.4

24.6 12434.0 6093.4 1470.0 2530.3 85.6 9.3

24.7 12437.8 6097.4 1475.1 2528.2 85.8 9.3

24.4 12440.0 6091.4 1478.0 2519.9 90.0 9.7

24.0 12449.6 6253.6 1483.1 2580.1 92.6 10.3

24.0 12499.1 6251.6 1512.2 2676.6 92.7 10.7

24.1 12525.9 6251.6 1527.6 2676.6 92.4 10.6

24.4 12523.2 6257.6 1529.9 2675.6 92.3 10.6

24.7 12524.2 6253.6 1532.9 2676.6 92.4 10.6

24.7 12527.3 6247.6 1534.0 2670.4 92.2 10.6

24.7 12528.0 6259.6 1534.0 2663.1 91.7 10.5

24.8 12516.3 6257.6 1524.7 2665.2 94.6 10.8

24.8 12517.0 6233.6 1520.0 2665.2 98.5 11.3

24.9 12613.0 6413.8 1589.0 2753.4 98.6 11.7

25.1 12609.8 6399.8 1579.4 2791.8 98.3 11.8

25.3 12607.4 6401.8 1580.4 2800.1 97.9 11.8

25.4 12607.0 6407.8 1584.0 2802.2 98.3 11.8

25.5 12607.0 6397.8 1584.0 2801.2 98.1 11.8

25.6 12598.4 6413.8 1587.3 2802.2 97.8 11.8

25.7 12609.0 6407.8 1584.6 2812.6 97.6 11.8

25.9 12581.3 6383.8 1571.8 2761.7 97.0 11.5

26.1 12581.5 6393.8 1571.9 2765.9 97.0 11.5

26.0 12583.5 6389.8 1571.1 2767.9 97.7 11.6
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] 

25.9 12586.0 6477.9 1570.0 2760.7 103.2 12.3

25.9 12586.0 6552.0 1570.0 2868.6 105.5 13.0

25.9 12687.3 6562.0 1629.4 2896.6 105.4 13.1

26.0 12688.7 6554.0 1627.1 2897.7 104.8 13.1

26.1 12689.4 6548.0 1625.4 2908.1 104.9 13.1

26.2 12688.6 6570.0 1623.1 2899.8 105.0 13.1

26.3 12689.0 6548.0 1622.0 2906.0 104.9 13.1

26.4 12689.0 6558.0 1622.0 2902.9 104.8 13.1

26.3 12690.0 6552.0 1626.0 2895.6 104.3 13.0

26.3 12690.0 6556.0 1626.0 2903.9 106.0 13.2

26.2 12698.9 6684.2 1628.5 2897.7 111.9 13.9

26.3 12756.3 6688.2 1661.2 2964.1 112.8 14.4

26.4 12805.7 6704.2 1684.7 3051.3 112.7 14.8

26.7 12809.0 6690.2 1684.0 3052.3 112.5 14.8

26.7 12809.0 6698.2 1684.0 3038.8 112.1 14.6

26.6 12804.5 6684.2 1682.7 3036.8 112.1 14.6

26.6 12805.8 6708.2 1678.8 3032.6 112.2 14.6

26.6 12801.6 6718.2 1682.7 3029.5 112.0 14.6

26.7 12803.1 6688.2 1682.8 3033.6 114.1 14.9

26.9 12878.0 6702.2 1712.9 3035.7 121.0 15.8

26.9 12919.0 6854.4 1731.0 3025.3 122.0 15.9

26.7 12919.0 6852.4 1731.0 3170.6 121.9 16.6

26.4 12932.0 6842.3 1742.0 3195.5 121.5 16.7

26.0 12931.3 6856.4 1753.6 3192.4 121.1 16.6

25.9 12920.4 6862.4 1745.1 3194.5 120.8 16.6

25.8 12911.0 6858.4 1740.0 3171.7 119.7 16.3

25.7 12909.1 6864.4 1739.4 3166.5 120.9 16.5

25.6 12916.3 6854.4 1742.2 3167.5 120.6 16.4

25.7 12921.0 6846.3 1744.0 3166.5 120.5 16.4

25.9 12917.8 6870.4 1742.7 3173.7 121.1 16.5

26.1 12914.0 6852.4 1735.0 3161.3 128.3 17.4

26.2 12975.0 7012.6 1776.0 3171.7 132.2 18.0

26.2 13018.3 7010.5 1790.0 3312.8 132.7 18.9

26.3 13038.5 6986.5 1793.5 3328.4 132.7 19.0

26.4 13036.0 7026.6 1791.0 3329.4 132.5 19.0

26.3 13038.0 7024.6 1800.0 3325.3 132.5 18.9

26.2 13051.0 6990.5 1792.5 3327.4 133.3 19.1

26.1 13055.0 6984.5 1795.0 3320.1 133.5 19.1

26.2 13040.0 7004.5 1791.0 3340.8 133.1 19.1

-1.9 12800.0 7008.5 1868.0 3428.0 107.2 15.8

-1.9 12800.0 6992.5 1873.4 3429.1 107.0 15.8

-1.9 12800.0 7020.6 1874.0 3438.4 106.6 15.8

-1.8 12811.8 7002.5 1873.1 3443.6 106.5 15.8

-1.8 12813.0 7010.5 1873.0 3432.2 106.5 15.7

-1.8 12810.7 7018.6 1875.1 3389.6 106.5 15.5

-1.8 12811.0 6990.5 1876.0 3389.6 106.3 15.5

-1.8 12809.2 6996.5 1868.8 3385.5 106.1 15.4

-1.9 12809.0 7014.6 1868.0 3391.7 106.1 15.5

-1.9 12807.9 7006.5 1878.9 3388.6 106.2 15.5

-1.9 12808.0 7012.6 1869.1 3379.2 106.1 15.4

-1.8 12735.7 6990.5 1868.0 3373.0 101.8 14.8

-1.8 12708.1 6882.4 1805.8 3355.4 98.0 14.1

-1.8 12699.7 6848.4 1806.7 3230.8 97.9 13.6

-1.8 12699.0 6846.3 1807.0 3218.4 97.8 13.5

-1.7 12695.4 6856.4 1809.2 3219.4 97.8 13.5

-1.7 12695.0 6848.4 1809.0 3215.3 97.6 13.5

-1.7 12704.6 6866.4 1812.4 3215.3 97.7 13.5

-1.8 12706.0 6856.4 1812.0 3207.0 98.0 13.5

-1.8 12706.0 6864.4 1812.0 3212.1 98.1 13.6

-1.8 12695.2 6850.4 1819.2 3222.5 98.1 13.6

-1.9 12698.5 6850.4 1813.7 3221.5 95.9 13.3

-1.9 12590.5 6786.3 1813.0 3221.5 90.5 12.5

-1.9 12579.0 6708.2 1813.0 3208.0 90.1 12.4

-2.0 12574.6 6714.2 1741.1 3059.6 90.2 11.9

-1.9 12574.0 6702.2 1741.0 3077.2 90.1 11.9

-1.9 12574.0 6696.2 1754.6 3052.3 90.2 11.8

-1.8 12574.0 6700.2 1756.0 3070.0 90.5 11.9

-1.8 12575.0 6696.2 1750.0 3075.2 90.5 12.0

-1.9 12583.1 6702.2 1760.8 3063.7 90.4 11.9

-1.9 12584.0 6694.2 1762.0 3070.0 90.5 11.9

-1.8 12575.9 6704.2 1746.6 3071.0 90.6 12.0

-1.9 12584.0 6680.1 1760.0 3075.2 89.7 11.9

-1.8 12481.0 6618.1 1695.8 3041.9 84.1 11.0

-1.7 12470.0 6534.0 1689.0 3009.8 83.5 10.8

-1.6 12460.2 6536.0 1696.7 2933.0 83.5 10.5

-1.5 12460.0 6536.0 1698.0 2915.3 83.7 10.5

-1.4 12458.2 6556.0 1693.5 2931.9 84.0 10.6

-1.5 12458.0 6562.0 1693.0 2935.0 84.0 10.6

-1.5 12466.0 6570.0 1691.0 2934.0 84.1 10.6

-1.6 12467.8 6548.0 1690.1 2926.7 84.0 10.6

-1.6 12469.8 6558.0 1697.2 2940.2 84.0 10.6

-1.5 12470.0 6552.0 1698.0 2942.3 82.9 10.5

-1.5 12466.4 6419.8 1636.6 2914.3 77.9 9.8

-1.5 12364.9 6405.8 1630.0 2786.6 77.8 9.3

-1.4 12352.2 6399.8 1629.7 2785.6 77.7 9.3

-1.4 12350.2 6391.8 1626.3 2785.6 77.6 9.3

-1.4 12350.0 6389.8 1626.0 2784.6 77.7 9.3

-1.4 12348.0 6387.8 1624.0 2794.9 77.8 9.3

-1.3 12359.7 6403.8 1636.6 2777.3 77.9 9.3

-1.3 12352.9 6403.8 1630.8 2796.0 78.2 9.4

-1.2 12352.0 6409.8 1641.7 2798.0 78.2 9.4

-1.3 12357.5 6393.8 1642.1 2804.3 78.3 9.4

-1.2 12357.0 6399.8 1643.0 2806.3 78.5 9.5

-1.1 12362.0 6393.8 1638.0 2788.7 78.1 9.4

-1.1 12269.9 6241.6 1574.8 2809.5 76.1 9.2

-1.2 12260.0 6247.6 1568.0 2686.0 73.9 8.5

-1.1 12260.0 6241.6 1584.0 2637.2 73.2 8.3

-1.0 12256.0 6255.6 1575.0 2654.8 73.2 8.4

-0.9 12264.3 6241.6 1585.3 2653.8 73.2 8.4

-0.9 12265.0 6239.6 1586.0 2652.7 73.3 8.4

-1.0 12264.0 6251.6 1574.0 2659.0 73.3 8.4

-0.9 12261.3 6253.6 1579.4 2656.9 73.3 8.4

-1.0 12261.0 6255.6 1580.0 2657.9 73.3 8.4

-1.1 12266.0 6257.6 1587.0 2656.9 73.5 8.4

-1.1 12267.8 6239.6 1583.4 2655.9 73.2 8.4

-1.1 12268.0 6105.4 1583.0 2637.2 71.4 8.1

-1.0 12181.5 6095.4 1527.4 2637.2 69.5 7.9

-1.0 12182.0 6101.4 1528.0 2522.0 68.8 7.5

-1.0 12183.0 6101.4 1530.7 2529.2 68.7 7.5

-1.1 12183.0 6079.4 1527.5 2529.2 68.8 7.5

-1.0 12183.9 6081.4 1527.0 2525.1 68.9 7.5

-1.0 12184.0 6095.4 1523.0 2530.3 68.9 7.5

-1.0 12184.0 6079.4 1523.0 2527.2 68.9 7.5

-1.1 12184.0 6109.5 1523.0 2526.1 68.8 7.5

-1.1 12112.9 5953.3 1480.9 2530.3 67.3 7.3

-1.1 12102.2 5945.3 1469.6 2474.2 65.5 7.0

-1.2 12103.8 5959.3 1472.6 2416.1 64.6 6.7

-1.1 12104.0 5935.2 1473.0 2416.1 64.6 6.7

-1.0 12100.9 5939.2 1471.6 2403.7 64.5 6.7

-1.1 12101.0 5937.2 1466.5 2408.9 64.6 6.7

-1.3 12100.1 5957.3 1466.0 2410.9 64.6 6.7

-1.3 12100.0 5931.2 1468.0 2415.1 64.5 6.7

-1.2 12100.0 5941.2 1468.9 2416.1 64.6 6.7

-1.2 12100.0 5945.3 1469.0 2414.0 64.2 6.7

-1.1 12100.0 5795.1 1469.0 2387.1 62.5 6.4

-1.1 12020.2 5797.1 1418.9 2288.5 61.0 6.0

-1.2 12020.0 5797.1 1419.0 2311.3 60.4 6.0

-1.2 12019.0 5797.1 1413.1 2311.3 60.3 6.0

-1.3 12016.3 5785.1 1413.0 2296.8 60.3 6.0

-1.4 12026.8 5783.1 1422.3 2305.1 60.4 6.0

-1.3 12018.1 5791.1 1413.1 2312.3 60.4 6.0

-1.2 12014.3 5787.1 1414.7 2295.7 60.3 6.0

-1.2 12015.8 5819.1 1412.3 2302.0 60.4 6.0

-1.3 12016.0 5805.1 1412.0 2314.4 60.4 6.0

-1.3 12026.0 5674.9 1422.0 2305.1 59.2 5.9

-1.2 11929.7 5648.9 1370.7 2243.8 57.2 5.5

-1.2 11915.4 5634.9 1365.0 2205.4 56.3 5.3

-1.3 11915.0 5634.9 1363.2 2208.5 56.3 5.3

-1.2 11913.0 5664.9 1363.0 2208.5 56.6 5.4

-1.1 11926.0 5658.9 1367.0 2200.2 56.7 5.4

-1.1 11913.4 5658.9 1358.9 2202.3 56.6 5.4

-1.1 11912.0 5668.9 1358.0 2190.9 56.6 5.3

-1.2 11912.0 5650.9 1358.0 2207.5 56.6 5.4

-1.0 11923.7 5644.9 1359.8 2218.9 46.8 4.5

-1.0 11924.0 5638.9 1365.3 2206.5 47.2 4.5

-1.1 12015.7 5795.1 1366.0 2242.8 48.6 4.7

-1.0 12029.6 5805.1 1421.6 2242.8 50.2 4.8

-1.0 12031.8 5787.1 1422.0 2316.5 50.8 5.1

-1.1 12032.0 5805.1 1422.0 2328.9 50.9 5.1

-1.1 12023.0 5811.1 1418.0 2321.7 50.9 5.1

-1.1 12023.0 5789.1 1418.0 2323.7 50.8 5.1

-1.2 12027.6 5793.1 1418.3 2316.5 50.5 5.0

-1.3 12028.0 5787.1 1419.0 2309.2 50.5 5.0

-1.2 12011.0 5799.1 1421.0 2319.6 50.5 5.0

-1.1 12027.2 5791.1 1424.6 2324.8 51.0 5.1

-1.1 12029.0 5941.2 1425.0 2319.6 52.5 5.2

-1.1 12114.4 5949.3 1475.2 2416.1 54.2 5.6

-1.1 12110.5 5959.3 1478.6 2437.9 54.7 5.7

-1.0 12111.8 5945.3 1474.5 2436.9 54.8 5.7

-1.0 12110.2 5955.3 1481.2 2435.8 54.9 5.8
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Appendix B 

NOx Data from GE Cycle Deck 

(GE-LM1600) 
 

 

 

-1.0 12110.0 5943.2 1482.0 2430.6 54.8 5.7

-0.8 12113.6 5941.2 1473.0 2429.6 54.8 5.7

-0.9 12114.0 5953.3 1480.1 2429.6 54.8 5.7

-0.9 12112.2 5959.3 1481.0 2434.8 54.8 5.7

-1.0 12112.0 5943.2 1481.0 2443.1 55.1 5.8

-1.0 12115.0 6099.4 1480.0 2465.9 57.0 6.0

-0.9 12115.0 6113.5 1480.0 2562.5 58.7 6.5

-0.8 12204.3 6103.4 1541.0 2562.5 59.3 6.5

-0.7 12204.0 6101.4 1535.7 2568.7 59.5 6.6

-0.6 12204.0 6095.4 1535.0 2566.6 59.4 6.6

-0.6 12192.3 6095.4 1538.6 2557.3 59.3 6.5

-0.6 12192.8 6103.4 1539.9 2559.3 59.3 6.5

-0.6 12205.6 6103.4 1535.5 2568.7 59.3 6.5

-0.5 12207.0 6113.5 1540.4 2562.5 59.2 6.5

-0.5 12207.0 6103.4 1541.0 2565.6 59.8 6.6

-0.5 12286.9 6227.6 1541.0 2564.5 61.7 6.8

-0.5 12299.6 6235.6 1591.6 2672.5 63.4 7.3

-0.8 12300.0 6251.6 1592.8 2697.4 64.0 7.4

-0.7 12292.8 6259.6 1596.6 2697.4 64.0 7.4

-0.7 12292.0 6253.6 1597.0 2697.4 63.9 7.4

-0.8 12301.0 6237.6 1591.0 2689.1 63.8 7.4

-0.7 12291.0 6261.6 1600.1 2697.4 63.9 7.4

-0.6 12298.2 6247.6 1601.0 2693.2 64.0 7.4

-0.6 12299.0 6255.6 1598.0 2693.2 64.1 7.4

-0.5 12303.5 6237.6 1597.1 2693.2 65.7 7.6

-0.5 12304.0 6391.8 1597.0 2693.2 69.6 8.1

-0.5 12412.0 6383.8 1649.0 2745.1 69.6 8.2

-0.5 12429.1 6393.8 1663.4 2830.2 69.6 8.5

-0.6 12410.3 6389.8 1658.7 2852.0 69.6 8.5

-0.6 12408.0 6393.8 1658.0 2853.1 69.6 8.5

-0.5 12407.9 6399.8 1658.0 2841.6 69.6 8.5

-0.5 12400.8 6397.8 1653.0 2843.7 69.6 8.5

-0.6 12400.0 6403.8 1653.0 2843.7 69.6 8.5

-0.5 12405.6 6405.8 1663.0 2844.7 69.6 8.5

-0.5 12412.3 6393.8 1664.9 2840.6 69.7 8.5

-0.4 12529.2 6552.0 1710.4 3004.6 88.4 11.4

-0.3 12529.0 6554.0 1710.0 3004.6 89.1 11.5

-0.2 12529.9 6552.0 1710.0 3010.8 89.4 11.6

-0.1 12531.8 6540.0 1719.0 3004.6 89.4 11.5

-0.1 12532.0 6536.0 1720.0 3005.6 89.2 11.5

0.0 12532.0 6534.0 1714.0 2999.4 89.4 11.5

-0.1 12536.6 6548.0 1707.1 3005.6 89.4 11.5

0.0 12535.2 6554.0 1715.1 2983.8 89.6 11.5

0.0 12535.0 6544.0 1716.0 3003.5 89.7 11.6

0.0 12535.0 6558.0 1716.0 2995.2 89.8 11.6

-0.1 12535.0 6554.0 1719.6 2999.4 91.2 11.8

-0.1 12535.0 6622.1 1720.0 3054.4 96.7 12.7

-0.1 12535.0 6702.2 1720.0 3054.4 97.1 12.8

0.0 12660.4 6700.2 1769.3 3148.8 97.1 13.1

0.0 12658.3 6694.2 1771.6 3155.1 97.1 13.2

0.1 12658.0 6702.2 1772.0 3154.0 97.2 13.2

0.4 12658.0 6704.2 1772.0 3155.1 97.3 13.2

0.8 12673.6 6700.2 1774.5 3157.1 97.7 13.3

0.8 12675.0 6694.2 1775.0 3158.2 97.8 13.3

0.7 12674.1 6716.2 1773.2 3148.8 97.8 13.2

0.7 12674.0 6724.2 1771.2 3162.3 99.8 13.6

0.8 12755.5 6810.3 1771.0 3146.8 105.0 14.2

0.8 12787.4 6848.4 1837.1 3275.5 105.6 14.9

0.9 12782.8 6854.4 1824.7 3305.6 105.9 15.1

1.1 12782.0 6856.4 1831.1 3310.7 105.9 15.1

1.1 12790.1 6828.3 1832.0 3299.3 105.7 15.0

1.2 12795.5 6856.4 1830.3 3300.4 105.8 15.0

1.1 12796.0 6852.4 1837.8 3299.3 106.2 15.1

1.0 12784.6 6854.4 1839.0 3299.3 106.1 15.1

1.0 12797.1 6862.4 1838.6 3307.6 106.2 15.1

1.1 12799.0 6854.4 1839.0 3300.4 108.7 15.4

1.1 12879.8 6990.5 1881.6 3300.4 113.9 16.2

1.2 12893.0 6990.5 1888.0 3441.5 114.5 16.9

1.2 12893.0 6990.5 1888.0 3441.5 114.8 17.0

1.3 12906.2 7006.5 1892.4 3459.2 114.7 17.1

1.2 12910.0 7010.5 1891.0 3459.2 114.6 17.0

1.2 12910.0 7010.5 1891.0 3448.8 114.7 17.0

1.1 12902.8 6990.5 1889.2 3454.0 114.7 17.0

1.0 12902.0 6998.5 1895.3 3448.8 114.7 17.0

1.0 12902.0 7000.5 1896.0 3447.7 114.8 17.0

1.1 12904.6 6992.5 1886.6 3444.6 114.8 17.0

1.1 12911.2 6984.5 1901.9 3448.8 114.7 17.0

1.2 12912.0 7014.6 1904.0 3447.7 114.6 17.0

1.3 12912.0 6976.5 1904.0 3439.4 114.9 17.0

Data 

Point

Tamb 

(deg C)
N1 (RPM) N3 (RPM)

CDP 

(kPa-a)
Qf (m3/hr)

Measured 

NOx (ppmv-

dry-15% O2)

Measured 

NOx (kg/hr) 

1 -30.0 12799.0 7350.0 1997.6 3623.9 107.4 16.3

2 -20.0 13060.0 7350.0 2003.4 3727.4 121.2 19.0

3 -10.0 13270.0 7350.0 2002.1 3796.3 134.1 21.5

4 0.0 13034.0 7350.0 1941.6 3662.0 135.1 20.8

5 10.0 12992.0 7350.0 1840.6 3439.5 130.0 18.8

6 20.0 12944.0 7350.0 1707.6 3167.2 118.7 15.8

7 30.0 12902.0 7350.0 1569.8 2897.2 100.2 12.2


