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EXECUTIVE SUMMARY 

The J85-GE-5R aircraft engine is a modified version of the J85-GE-5M engine which 

currently powers the T-38 Talon aircraft (T38C and T38A respectively). In order to evaluate the 

impact of the engine modifications on emissions, a comprehensive emission measurement 

program was conducted at Moody AFB and Randolph AFB. A single J85-GE-5M engine was 

tested in a hush house at Moody AFB to measure criteria and select hazardous air pollutants. At 

Randolph AFB, gaseous emissions were measured directly behind a T-38C test aircraft equipped 

with two J85-GE-5R engines. The purpose of testing at both locations was to compare on-wing 

emissions versus test-stand emissions. 

The results fi-om this test program will be used to evaluate potential environmental 

impacts that may be created by the bed down of the modified engine at various Air Force Bases. 

I. OBJECTIVES 

The purpose of this program was to determine emission factors for the J85-GE-5R and 

J85-GE-5M engines imder representative engine load conditions and compare test-stand 

emissions with on-wing emissions. In addition, the emissions data were compared to the J85- 

GE-5H emissions to determine if the engine modifications affected emissions. Testing was 

conducted for criteria pollutants and select hazardous air pollutants (HAPs). 

II. SAMPLING METHODOLOGY 

Sampling was performed for criteria pollutants and those HAPs that are products of 

incomplete combustion (PICs) fi-om the J85-GE-5M engine at Moody AFB. Gaseous criteria 

pollutants were measured from the T-38 with PMP Aircraft at Randolph AFB. Environmental 

Protection Agency (EPA) emissions test methods (Title 40, Code of Federal Regulations, Part 

60, Appendix A) were followed during this test program. The test methods were modified where 

necessary due to the unique circumstances encountered during the program: i.e., high flow rates, 

unique exhaust configuration, and a large volume of dilution (ambient) air in the exhaust gas 

stream. A custom EPA Method 5 was employed due to the physical configuration of the test 



cell. The nature of each test location did not permit a fiill cross-section traverse; instead, single 

point sampling was performed via a slipstream and engine sampling rake. A verification was 

made through the use of a multi-point gaseous sampling system in the hush house augmenter 

tube to assure that the sample point was representative of the entire exhaust stream. The 

following is a list of the constituents of the exhaust stream that were measured at Moody AFB 

along with the corresponding EPA test methods used: 

°   Filterable and condensible particulate (EPA Methods 5 and 202'). 
°   Aldehydes and ketones (EPA 0011 ^ and TO-05). 

Volatile organic compounds (VOCs) (EPA Method 0030). 
Oxygen and carbon dioxide (EPA Method 3A). 
Carbon monoxide (EPA Method 10). 
Nitrogen oxides (EPA Method 7E). 
Non-methane hydrocarbons (NMHCs) (EPA Method 25A). 
Polynuclear Aromatic Hydrocarbons (NIOSH Method 5506) 

Sampling was not performed for sulfur dioxide and metals in the engine exhaust streams. 

Historic testing of metals provided random results with a number of interferences. Sulfur 

dioxide emissions are reported based on the procedure documented by AFIERA. ("Air 

Emissions Liventory Guidance Document for Mobile Sources at Air Force histallations, "January 

2002). This procedure estimates that sulfur dioxide emissions can be calculated by assuming all 

sulfur in the fiiel undergoes complete oxidation to SO2. Dioxins/furans and other HAPs not 

listed in this report would not have been emitted in significant quantities to be readily detected 

by conventional sampling methods. Therefore, these compounds were not part of the emissions 

testing program. 

Ambient air samples were collected for total non-methane hydrocarbons, carbon dioxide, 

oxygen, and carbon monoxide in order to complete the f-factor and carbon balance flow models. 

Due to historic ambient air monitoring programs and the proximity of the test facilities to 

contributing sources, correction for ambient pollutants was not performed. 

ILIA Engine Testing Considerations/Complications 

The engine was tested at four actual flight settings. Nominal engine conditions for 

emissions sampling are provided below: 

Unless otherwise noted, test methods taken from 40 CFR 60, Appendix A; 
http://www.epa.g0v//ttn/emc/tmethods.html. 

^ From EPA SW-846, http://www.epa.g0v//epa.oswer/hazwaste/test/methdev.htm 
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° Idle (I) 
° Intermediate (N) 
° Military (M) 
° Afterburner (AB) 

Emissions tests at Moody AFB comprised three 2-hour sampling runs for each pollutant 

at the first three power settings with the exception of the aldehydes/ketones and polynuclear 

aromatic hydrocarbons tests. Due to sample volume requirements needed to meet method 

detection limits, aldehydes/ketones were collected over the 6-hour sampling period. At the 

afterburner setting, a single 10-minute sample run was conducted for gaseous pollutants only. 

Testing at Randolph AFB consisted of approximately 15 minutes of sampling time at 

each engine setting. 

III. RESULTS 

III.IA Criteria Pollutants 

Results of the criteria pollutants are presented in Tables III-l and III-2. The tables 

present both emission rates and factors for NOx, CO, total particulate, NMHC, SO2, and CO2 for 

each engine at each engine test condition. The emissions presented are the average of each of the 

sampling runs. Results of individual runs are presented in Section 5 of this report. A summary 

of the historic J85-GE-5H emissions data is provided in Table III-3 for comparison. These data 

were collected during a separate emission measurement program in March 1997. 

Table III-4 is a detail of the particulate emissions from the J85-GE-5M engine tested at 

Moody AFB. The condensable particulate fraction at idle and intermediate consists mostly of 

unbumed fiiel. It was noted in the field that the condensable fraction was heavily discolored 

(yellow) with fuel. The organic fraction of the condensible particulate has been removed from 

these results. 

ni.2B Hazardous Air Pollutants 

Table III-5 depicts the average HAP emissions for each power setting. This table 

summarizes volatile and aldehyde/ketones compounds. The 11 HAPs shown in Table III-5 are 

the most frequently detected HAPs that are combustion by-products. Within this table, HAPs 

have been totaled for each power setting. The remaining HAP data that was analyzed during this 

sampling program is presented in Section 5 of this report. 
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TABLE III-l 
J85-GE-5M ENGINE (MOODY AFB) 

CRITERIA POLLUTANT 
EMISSION FACTOR SUMMARY 

(lbs/1000 lbs fuel) 
Idle Intermediate Military Afterburner 

Exhaust Flow, dscfm 118,704 293,150 544,312 611,727 
Fuel Flow, Ibs/hr 525 1,045 2,550 7,695 

Pollutant 
Nitrogen Oxides (NOx) 0.79 1.81 1.65 1.21 
Carbon Monoxide (CO) 191.41 48.90 25.35 10.19 

Total Non Methane Hydrocarbons 21.11 1.62 0.45 0.65 
Carbon Dioxide (CO2) 3,503 3,048 3,092 3,116 
Sulfur Dioxide (SOz)"' 0.90 0.90 0.90 0.90 

Total Particulate 6.30 10.72 3.66 (b) 
(a) 
As 
(b) 

- Sulfur dioxide emissions based on sulfiir content in fuel (0.045%). 
loted in "Air Emissions Inventory Guidance Document for Mobile Sources at Au- Force Installations, January 2002". 
- Particulate sampling not performed at afterburner. 

TABLE III-2 
T-38C WITH PMP TALON (RANDOLPH AFB) 

CRITERIA POLLUTANT 
EMISSION FAClOR SUMMARY 

Obs/lOOO lbs fuel) 
■ Idle Intermediate Military Afterburner 

Exhaust Flow, dscfm 24,956 82,241 120,532 141,922 
Fuel Flow per Engine, Ibs/hr^"' 520 1,030 2,220 7,695^) 
Pollutant 

Nitrogen Oxides (NOx) 1.08 0.70 1.92 6.23 
Carbon Monoxide (CO) 177.45 65.07 30.99 53.43 

Total Non Methane Hydrocarbons 14.61 2.42 0.65 6.06 
Carbon Dioxide (CO2) 2,838 3,025 3,084 7,423 

Sulfur Dioxide (SOz)^'^ 0.90 0.90 0.90 0.90 

" 

(a)- 
(b). 
(c)- 
Asi 

Fuel flow per engine. The T-38 with PMP Talor 
■ Fuel flow is estimated 
Sulfur dioxide emissions based on sulfur content 

loted in "Air Emissions Inventory Guidance Doci 

J85-GE-5H E 
CRIT] 

EMISSIOl 
(1 

1 operates on two J85-GE-5R engines. 

in fuel (0.045%). 
iment for Mobile Sources at Air Force Installatio 

TABLE III-3 
NGINE (LAUGHLIN AFB) 
ERIA POLLUTANT 
V FACTOR SUMMARY 
bs/1000 lbs fuel) 

ns, January 2002". 

Idle Intermediate MiUtaiT Afterburner 
Exhaust Flow, dscfm 54,302 127,046 283,270 232,850 

Fuel Flow, Ibs/ht 434 950 2,740 8,138 
Pollutant 

Nitrogen Oxides (NOx) 1.14 1.74 2.92 2.09 
Carbon Monoxide (CO) 211.97 123.43 36.40 14.19 

Total Non Methane Hydrocarbons 34.02 5.66 0.58 2.29 
Carbon Dioxide (CO2) 2,732 2,953 3,106 3,129 

Total Particulate 4.70 1.79 1.13 0.25 
] siOlii: these data were obtained during a separate emission measurement program in I 

xiii 
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TABLE ni-5 
J85-GE-5M ENGINE (MOODY AFB) 

EMISSION FACTOR SUMMARY 
(lbs/1000 lbs fuel) 

Idle Intermediate Military 
Exhaust Flow, dscfm 118,704 293,150 544,312 

Fuel Flow, Ibs/hr 525 1,045 2,550 
Pollutant 

Formaldehyde 2.26 0.35 0.024 
Acetaldehyde 0.24 0.02 0.002 

Acrolein 0.31 0.01 0.001 
MEK 0.08 0.01 0.001 

Benzene 0.03 0.02 0.003 
Toluene 0.03 0.01 0.0009 

Ethylbenzene 0.007 0.002 0.00005 
m,p-Xylene 0.02 0.008 0.0004 
naphthalene 0.0829 0.00595 0.00466 

o-Xylene 0.02 0.005 0.0002 
Styrene 0.008 0.002 0.00007 

Total HAPs 3.09 0.44 0.04 
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IV. CONCLUSIONS 

During this emission measurement program, several emission phenomena were noted and 

are summarized below. 

°   At the idle, intermediate, and military, there was a discoloration in the Method 5 sampling 
train impingers. The discoloration was heaviest at idle and decreased as power increased. 
The discoloration was a heavy yellow at the idle setting and was slightly cloudy at military. 
The yellow material appeared to be vmbumed JP-8+100 fuel which can be attributed to the 
engine operating inefficiently at idle. Therefore, the condensible particulate fraction 
contained unbumed fuel. The organic fraction (primarily unbumed fuel) of the condensible 
particulate was approximately 30% at the idle setting and 4% at mtermediate. The 
condensible particulate fraction presented in Table III-4 includes only the aqueous fraction. 

°   On each particulate filter, the mass collected began to "run" across the filter surface, 
indicating an organic fraction. When the filter is recovered, a clean ring can be seen on the 
outer edge of the filter where the filter is held during sampling. This clean ring became 
discolored over time as the particulate coating was absorbed into the filter material. 

°   The NOx data varied the most between the engine and slipstream. This was caused by the 
high percentage (90%+) of NO2 in the sample stream behind the engine. The NO2 converted 
to N and O2 by the time the sample reached the slipstream. Therefore, the mass of NOx at the 
slipstream was lower. This is not the expected trend. During a past program, the NOx 
concentration was predominantly NO at the engine and NO2 at the slipstream. This is the 
expected pattern. NO combines with O2 in the augmenter tube to form NO2 at the slipstream. 

°   The on-vdng and test-stand emissions were comparable at all settings with the exception of 
A/B. At each location the sampling time at afterbiimer was limited. At Moody AFB, the 
engine malfunctioned and sampling time was limited to approximately 3 minutes. At 
Randolph AFB, the engine sampling rake broke after approximately 5 minutes of sampling. 
Also, the engine sampling rake at Randolph AFB was much closer (approx. 12 feet closer) to 
the engine exhaust. This position impacts the emission results. In addition, the engine can 
operate at several different afterburner modes. The engines tested during this program may 
have operated in different AB modes, resulting in varying emission results. 

°   During the test program, a field balance accurate to 0.1 mg was used to provide a qualitative 
measure of particulate gain. During past sampling programs, particulate gain was minimal. 
Oftentimes the filter weighed less after sampling, due to handling of the filter. The field 
balance provided an instant indication of particle gain and allowed for sample volume 
adjustment in the field if necessary. 

°   The particles in the exhaust stream are predominantly less than 2.5 microns in size (range 
from 88% - 92% of the total particles). These particles are primarily carbon soot. The larger 
particles, 2.5 to 10 microns, were found to be agglomerates of smaller combustion particles. 
These agglomerates accounted for 7% to 12% of the particle total. The largest particles, 7.5 
to 10+ microns, were found to be angular particles that are believed to have been cooled and 
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deposited on a surface and suspended during the test program. Approximately 1% of the 
particles were greater than 7.5 microns. 

°   Emissions detected with the use of JP-8+100 were not significantly different firom historical 
emissions detected with the use of JP-8 fuel. 
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SECTION 1 

INTRODUCTION 

This Emissions Summary Report has been prepared by Environmental Quality 

Management, Inc. (EQ) under Delivery Order 0002 of the Occupational and Environmental 

Health Assessments Contract (Contract Number F41624-0 l-D-9012) supporting the Air Force 

Occupational and Environmental Health programs around the world. This contract is 

admmistered by the Air Force Institute for Environment, Safety, and Occupational Health Risk 

Analysis/Risk Analysis Environmental Quality (AFIERA/RSEQ), Brooks Air Force Base (AFB), 

Texas. 

The project requirements are described in the delivery order and its attached Statement of 

Work and Contract Data Requirements Lists (CDRL's). 

The project includes: 

Preparation of the Sampling and Analysis Plan (SAP) Submitted 15 April 2002, A004). 
Preparation of the Site Survey Report (Submitted 8 April 2002, AOl 1). 
Preparation of monthly progress, status, and management reports (Ongoing, AOOl). 
Preparation of conference agenda and minutes (A008). 
Preparation of a summary Scientific and Technical Report (this document, A003). 

Testing at Moody AFB involved emissions measurement directly behind the engine and 

at the hush house exhaust for one J85-GE-5M engine operating on a test stand. Testing at 

Randolph AFB involved gaseous emission measurement directly behind the engine exhaust while 

a T-38C vAih PMP aircraft was operating in the hush house. This data was compared to the test- 

stand emissions data collected at Moody AFB and the historic J85-GE-5H data collected by EQ. 

1.1 PROJECT OBJECTIVES 

Emission measurement from the J85-GE-5M engine and the T-38C Talon involved 

several overall project objectives: 
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1) Provide sufficient data to determine engine "bed down" conformity analysis for 
compliance with state implementation plans and federal implementation plans for the 
purpose of attaining or maintaining the national ambient air quality standards. 

2) Determine if emission variances exist between on-wing emissions and test-stand 
emissions. 

3) Examine the engine intake modification and its effect on engine emissions. 

4) Measure emissions directly behind the aircraft engine and at the hush house exhaust to 
note pollutant mixing in the augmentor tube. Measure emissions directly behind the 
aircraft engine at Randolph AFB and compare these data to the engine emission results 
collected at Moody AFB. 

5) Determine if emissions fi-om the J85-GE-5M and -5R modified engine vary fi-om historic 
emissions data collected fi-om the J85-GE-5H by EQ. 

1.2 TEST ENGINE AND LOCATION 

1.2.1 J85-GE-5M and-5R 

Two J85-GE-5M single-shaft, turbojet engines power the Northrup T-38 Talon. Two 

J85-GE-5R engines power the T-38C with PMP Talon. The engines are manufactured by 

General Electric and used throughout the world. The engines consist of a nine-stage compressor 

section using axial flow, a two-stage axial flow turbine section, and has afterburning capabilities. 

The overall pressure ratio is 7.0:1. The T-38 aircraft is used as a trainer aircraft due to its ability 

to reproduce the flying characteristics of a supersonic operational fighter aircraft. 

1.2.2 Test Facility 

The J85-GE-5M engine was tested in a T-10 hush house at Moody Air Force Base in 

Valdosta, Georgia. The T-38C Talon was tested in a T-12 hush house located at Randolph Air 

Force Base in San Antonio, Texas. Facility hush houses were operated by Air Force persoimel 

during testing. 
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SECTION 2 

FACILITY AND SAMPLING APPARATUS DESCRIPTION 

As stated in Section 1, testing of the J85-GE-5R engine was performed at Moody 

AFB and Randolph AFB utilizing JP-8+100 jet fuel. Due to the physical layout of the 

hush house testing location, the engine exhaust could not be sampled safely or cost- 

effectively using traditional EPA-recommended emission testing methodologies (Title 

40, Code of Federal Regulations, Part 60, Appendix A). In addition, the traditional 

International Civil Aviation Organization (ICAO) sampling method (Aircraft Engine 

Emissions, International Standards and Recommended Practices - Environmental 

Protection, Annex 26, Volume II, First Edition) does not address particulate or HAP 

analysis, therefore, imique sampling approaches were developed. A description of the 

Hush house, sampUng system apparatus, and general sampling methodology is provided 

in this section. A more detailed description of the sampling methodology is provided in 

Sections 3 and 4. 

2.1 MOODY AFB HUSH HOUSE OVERVIEW 

Military aircraft jet turbine engines are tested in indoor enclosures designed to 

restrain the engines or aircraft and to provide suitable enviroimiental protection (i.e., 

noise reduction) while testing occurs. These facilities are known as hush houses. The 

building fimctions include supply air filtration, noise suppression, exhaust diversion, and 

technical support for various test fimctions. The layout of a typical hush house interior 

and exterior are illustrated in Figure 2-1. Exterior layout of the T-10 hush house at 

Moody AFB is included as Figure 2-2. During the test process, an isolated engine is 

mounted in the rear of the hangar-like enclosure with the exhaust nozzle pointing toward 

the augmenter tube and out of the building (Figure 2-3). The engme exhaust is directed 

out of the test facility and into the afmbient air via a horizontal elliptical duct (the 

augmenter tube) which finally directs the air flow upward via a terminal deflector plate in 
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the blast box (Figure 2-4). The hush house emits combustion products mixed with 

fihered dilution air directly to the atmosphere at the augmenter tube terminus. 

For this test program, the test team collected samples directly behind the engine 

exhaust nozzle and prior to the exit of a T-10 hush house augmenter tube, near the point 

of entry into the blast box (Figure 2-5). 

2.2 RANDOLPH AFB HUSH HOUSE 

As described above, military aircraft jet turbine engines are tested in indoor 

enclosures designed to restrain the engines or aircraft and to provide suitable 

environmental protection while testing occurs, namely hush houses. The T-12 hush 

house utilized for testing at Randolph AFB was smaller than the T-10 hush house used at 

Moody AFB. During the test process, the aircraft was mounted in the rear of the hangar- 

like enclosure with the exhaust nozzle pointing toward the augmenter tube and out of the 

building (see Figure 2-6). 

For this test program, the test team collected samples directly behind the engine 

exhaust nozzles for gaseous emissions only (see Figure 2-7). 

2.3 ENGINE EXHAUST SAMPLING RAKE SYSTEM (MOODY AFB AND 
RANDOLPH AFB) 

As part of the test program at Moody AFB, gaseous emissions directly behind the 

engine were measured at timed intervals (approximately every 30 minutes) in a similar 

manner described by ICAO. At each location the engine rake was mounted in fi-ont of 

the augmentor tube. Engine exhaust sampling was conducted using a cruciform rake 

mounted approximately 172 inches downstream from the engine exhaust tip. The 

cruciform could not be sampled directly behind the engine due to the position of the 

engine on the test stand. A schematic diagram of the rake assembly is illustrated in 

Figure 2-8. This system was utilized during a previous test program and was obtained by 

AFIERA for use during this portion of the engine study. The rake contained eight 1/8- 

inch orifice ports spaced across four rake arms. A mixed exhaust sample was drawn from 

the 8 ports and transferred via a single stainless steel tube through filtered and heated 
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Teflon® lines to the combustion and diluent gas conditioning system and analyzers. The 

photograph in Figure 2-9 shows the rake assembly mounted behind the J85-GE-5M 

engine. The rake was installed behind the engine during all phases of engine testing 

except afterburner. 

As part of the test program at Randolph AFB, gaseous emissions were measured 

for approximately 5 minutes at each setting in a similar maimer described by ICAO. 

Engine exhaust sampling at Randolph AFB was conducted using a cruciform rake 

mounted approximately 16 inches downstream from the exhaust. The rake contained six 

1/8-inch orifice ports spaced across four rake arms. A mixed exhaust sample was drawn 

from the six ports and transferred via a single stainless steel tube through filtered and 

heated Teflon® lines to the combustion and diluent gas conditioning system and 

analyzers. The photograph in Figure 2-7 shows the rake assembly mounted behind the T- 

38C Talon aircraft tested. The rake was constructed to fit the dimensions of the 

Randolph AFB T-12 hush house and installed behind the engine during all phases of 

engine testing except afterburner. 

2.4 AUGMENTER TUBE SLIPSTREAM SAMPLING SYSTEM (MOODY AFB) 

Access to the area of emissions exhaust is restricted during operation of engines 

in the hush house due to safety concerns including high temperatures, high velocity and 

vibration, excessive noise, and the potential of exposure to the exhaust gases. It was 

therefore necessary to devise a sampling scheme that allowed sampling to be conducted 

from a remote location, requiring modification to existing point source EPA emission test 

procedures. 

The slipstream (or side-stream) sampling system shown in Figures 2-10,2-11, and 

2-12 was constructed to measure jet engine emissions from the Langley AFB hush house 

as part of the FlOO-PW-lOO jet engine emission tests conducted in November 1996. 

Similarities between that testing program and the current samplmg effort allowed the 

samplmg system to be applied to the J85-GE-5M engine sampling program completed at 

the Moody AFB T-10 hush house. The system was designed to extract an augmenter 

tube exhaust sample to permit use of standard source emission test methods that could not 

be applied immediately behind the test engine or in the augmenter tube. 
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A stainless steel pipe, 10 inches in diameter, was utilized to extract a side-stream 

sample of the diluted engine emissions at a point upstream of the augmenter tube exit. 

The duct was centered in the augmenter tube and extended approximately 10 feet into the 

augmenter tube. The duct was supported inside the augmenter tube by two sets of 

support stands. The duct was directed horizontally toward the rear of the blast box and 

then turned at an angle out of the blast box to the top of the deflector shield wall, where a 

transition to a 24-inch by 24-inch square duct occurred. The duct was constructed of 

stainless steel seamless pipe with flanged ends. Each section was bolted together at the 

flanged end. Each piece was 10 feet in length except for the inlet and elbows. The larger 

square duct pi-ovided a decrease in gas velocity and a suitable sampling location for 

applying standard emission testing methods. The inlet to the slipstream was circular, 

similar to the inlet of a large Method 5 sampling nozzle. At the end of the square duct 

was a deflector plate to vent emissions upward away from ground activities (see Figures 

2-13,2-14, and 2-15). 

The stainless steel slipstream ductwork was supported inside the augmenter tube 

by attaching pipe risers to existing bolts in the U-channels inside the augmenter tube. 

Four radial arms with sampling ports were used inside the augmenter tube. Each arm was 

attached to the hush house wall. Attachments were made to the 10 inch pipe with 10 inch 

pipe collars and bolts. All bolts were secured with a washer, lock washer, a nut, and a 

second nut to secure the 

lock. Bulkhead fittings were used to provide sampling ports through the C-Channel in 

the first support brace. Sampling lines were directed through an iron pipe conduit to the 

exit. The conduit was secured to the supporting braces via bolts and U-clamps. The duct 

was then fastened to the blast box and supporting scaffolding outside the blast box. This 

approach provided structural integrity, reduced the cross sectional exposure profile of 

freestanding duct, and subjected the duct only to radial flow forces on the plate, or 

turbulent forces along the entire exposed length. Scaffolding fixed to the hush house and 

ground supported the rectangular ductwork outside the hush house. Scaffolding was 

secured to each other and to 1/2-inch-thick plywood on the groimd to provide further 

vibration support. 
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This sample collection structure provided foil use of the hush house for purposes 

other than emission testing. Once the sampling structure was installed, the hush house 

was used for testing of other engines as needed. This structure did not interfere with the 

normal operation of the hush house. 

Engine exhaust samples were collected at multiple locations along the slipstream. 

Gaseous emission (CO, NOx, CO2, and TNMHC) samples were collected at the 

slipstream crossbrace from 12 sample ports installed in the brace. Participate and HAP 

emission samples were collected from sample ports in the slipstream outside of the hush 

house. 

The locations of the sampling points for the slipstream sampling rake were 

positioned using EPA Method 1 criterion. Since the augmenter tube is oval shaped and 

EPA Method 1 does not accommodate this configxiration, the points will be determined 

across the major axis assuming a circular diameter. Similarly, the points across the minor 

axis were calculated assuming a circular diameter. The slipstream duct was positioned in 

the center of the augmenter tube. Although the oval cross sectional shape of the 

augmenter tube is not addressed in EPA Method 1, locating the sampling point inlet at 

least 1/2 diameter prior to the exit of the tube was consistent with the basic tenets of EPA 

Method 1. Samples of the augmenter tube exhaust were obtained for combustion and 

diluent gas analysis using the cruciform rake assembly moimted in the augmenter tube. 
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SECTIONS 

SAMPLING PROCEDURES AND METHODS 

The sample program completed at Moody AFB involved sample collection of emissions 

from one J85-GE-5M engine at three locations (see Figure 2-5): 1) directly behind the engine 

(gaseous emissions and select HAPs), 2) at the hush house augmenter tube exit (particulate and 

HAP), and 3) at the intake to the slipstream inside the augmenter tube (gaseous emissions). The 

purpose of the multiple sample locations was to note the variance (if any) in gaseous emissions 

(CO, NOx, TNMHC) inside the hush house augmenter tube and to look at pollutant dilution and 

secondary pollutant formation by sampling du-ectly behind the engine. (The sample program 

completed at Randolph AFB involved sample collection of gaseous emissions from one J85-GE- 

5M engine at the first location only.) A breakdown of the target pollutants for each engine 

setting is provided in Table 3-1. 

Due to the complexity of the test program, several items are summarized here for 

consideration. Each item is discussed in more detail in the following sections. 

°    The exhaust emissions were diluted with cooling air as they pass through the hush house 
augmenter tube. Sample run times were extended in an attempt to attain the lowest detection 
limits. 

° Engine exhaust velocities in the rear of the augmenter tube at the idle setting were expected 
to be very low, possibly unmeasurable. A hot wire was used to measure exhaust velocity in 
the slipstream at the rear of the hush house, and the flow was calculated. 

°   Particulate measurements at the hush house exhaust were run at an isokmetic sampling rate 
while attempting to maximize sample volume and retain filter integrity as well as particle 
catch. Sample run times were 3 hours at the idle setting and 2 hours at the remaining 
settings. 
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One composite paniculate sample was collected at each setting. This sample was collected in 
conjunction with the three replicate sample runs in an attempt to obtain a measiirable quantity 
of particulate matter. 

One particulate sample at each setting was analyzed by scanning electron microscopy for 
particle size distribution (by particle count) and morphology (see Table 3-2). 

All sampling was conducted while the aircraft was burning JP-8+100 fuel. 

TABLE 3-2. PERCENTAGES OF CARBON PARTICLES 
IN VARIOUS DIAMETER RANGES BY NUMBER OF PARTICLES 

Idle Intermediate Military 
FUter Number PCOOl PC002 PC003 Blank 

Diameter Range (um) 
.5-2.5 92.4% 88.2% 89.4% NA* 

2.5-5.0 6.7% 10.8% 8.7% 
5.0-7.5 1.0% 1.0% 1.0% 
7.5-10 0.0% 0.0% 1.0% 
>10 0.0% 0.0% 0.0% 

*NA - Insufficient particles for a valid statistical analysis 

3.1 GENERAL SAMPLING CONSIDERATIONS/COMPLICATIONS 

Access to the interior of the hush house was restricted to periods when the engine/aircraft 

was not operating. It was therefore necessary to devise a sampling scheme that allowed sampling 

to be conducted from a remote location, requiring some modification to existing test procedures. 

The slipstream sampling approach allowed particulate matter and HAP testing personnel to be 

located outside the exclusion zone. 

The physical structure of the exhaust through the augmenter tube did not allow for use of 

the traditional isokinetic sampling methodologies (Title 40, Code of Regulations, Part 60, 

Appendix A, Methods 1-5). Complicating factors included large amovmts of dilution air and 

limited testing windows. Based on these considerations, several assumptions were made to 

address the unique nature of this program. Assiraiptions included homogeneous mixing of the 

exhaust stream (verification of this assumption was made in the field); theoretical methods for 

determining air flow through the system; and particulate distribution behavior equivalent to 

gaseous. These assumptions were based on previous engine testing programs. 
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3.1.1 Pollutant Distribution in the Augmenter Tube 

The test program was based on the assumption that, as the exhaust gas exits the test stand 

through the augmenter tube, the exhaust stream from the engine and the dilution air have reached 

a homogeneous mixture. A sample drawn from each of the 12 sample points on the slipstream 

support (Figure 2-11) showed that the gas stream was homogeneous in the hush house augmenter 

tube at approximately 60 feet behind the jet engine exhaust point. The complete mixing of 

exhaust gases and the dilution air are the resuh of the very turbulent flow from the jet engine 

exhaust and rough (open-pore) augmenter tube surface. Particulate size distribution in the engine 

exhaust has been shown to be significantly less than 10 microns (^im) in size. Because of the 

size of the particles, it was assumed that they behaved as an aerosol or gas and that pollutants 

were distributed evenly throughout the test stand exhaust. Since it was assumed that all 

particulate (and those contaminants bound to the particulate) would behave as an aerosol, any 

point in the augmentor tube would have the same concentration of pollutants. This assumption 

was used as the basis to conduct single-point (center-point) isokinetic sampling at one point in 

the exhaust, which would be representative of all points in this engine test exhaust. 

3.2 EMISSION MEASUREMENT APPROACH 

Sampling was performed for criteria pollutants and those HAPs that are products of 

incomplete combustion (PICs). The following compounds were monitored from the slipstream 

sampling system at the rear of the hush house augmenter tube (Moody AFB): 

°    Filterable and condensible particulate (EPA Methods 5 and 202), mcluding particle size 
distribution. 

° Aldehydes and ketones (EPA Method 0011). 

° Volatile organic compounds (VOCs) (EPA Method 0030), mcluding 1,3 butadiene. 

° Oxygen and carbon dioxide (EPA Method 3A). 

" Carbon monoxide (EPA Method 10). 

° Nitrogen oxides (EPA Method 7E). 
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°    Total hydrocarbons (THCs) (EPA Method 25A). Total hydrocarbons reported as total non- 
methane hydrocarbons. 

°    Methane (EPA Method 25A). 

°    Polynuclear Aromatic Hydrocarbons (NIOSH Method 5506) 

°    Benzene and formaldehyde (grab samples directly behind the engine). 

The following compoxmds were monitored from the engine rake sampling (Moody and 

Randolph AFB): 

Oxygen and carbon dioxide (EPA Method 3A). 
Carbon monoxide (EPA Method 10). 
Nitrogen oxides (EPA Method 7E). 
Total hydrocarbons (THCs) (EPA Method 25A). 
Methane (EPA Method 25A). 

The engine exhaust system was not sampled for sulfur dioxide, metals or semi-volatiles. 

Sulfur dioxide emissions were determined by measiiring the sulfur content in the JP-8+100 fuel 

and converting sulfur mass emissions to sulfur dioxide mass emissions. This is based on the 

procedure docxmiented by AFIERA ("Air Emissions Inventory Guidance Document for Mobile 

Sources at Air Force Installations," January 2002). Concentrations of the following metals were 

determined in the fuel analysis: antimony, arsenic, barium, beryllium, cadmium, cobalt, 

chromium, copper, lead, manganese, mercury, nickel, phosphorus, selenium, silver, thallium, and 

zinc. Dioxms, furans, semi-volatiles and HAPs not discussed in the subsequent text were 

emitted in quantities too small to be detected by the sampling methods proposed in this program. 

Therefore, these pollutants were not included in the sampling program. 

Grab samples were collected behind the engine at the engine rake to determine the 

concentration of benzene and formaldehyde. This was performed from the idle to military engine 

settings. 

The unique feature in conducting emissions testing for this engine was that the exhaust 

stream at the T-10 and T-12 hush house exhausts were diluted with ambient air (significantly 

diluted at tihe T-10 hush house). This presented two problems: (1) the volume of exhaust gas was 

significantly increased; and (2) dilution of the exhaust made it difficult to detect various 

pollutants. Sample run times were extended and analytical methods were revised in order to 
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reduce the detection limits. During past emission measurement programs, ambient pollutants 

were monitored in order to correct the measured exhaust parameters. Due to the location of the 

hush houses at Moody AFB and Randolph AFB, the influence of other pollutant contributing 

sources was minimal. Therefore, ambient air monitoring was limited to CO2, CO, and TNMHC 

in order to complete the carbon balance calculations. 

3.2.1 Flow Rate Measurement 

As stated previously, standard flow rate measurements could not be performed at the test 

locations due to the hush house configuration. Engine exhaust flow was determined by 

theoretical methods (carbon balance and F-factors). An attempt was made to measure the flow 

directly by fixing a pitot tube to the engine rake at a single point. Velocity readings were taken in 

this manner while the engine operated at idle and intermediate settings. Flow calculations were 

questionable, because the volume of air entering the augmenter tube was not definitive. 

However, this method provided an additional point for comparison. The use of multiple-flow 

measurement/calculation methods provided a firm basis for identifying and rejecting outlier data. 

For example, the calculated exhaust flow using the f-factor methodology showed a decrease in 

airflow between the military and afterburner settings. Therefore, carbon balance was used as the 

selected flow methodology. The flow data collected by all methods for the engine at different 

operating conditions. An established relationship was expected between engine operating level 

and total flow. All flow measurement methods were anticipated to provide valid data at one or 

more operating conditions. The data evaluation identified which measurement deviates firom that 

relationship, and whether that deviation can be attributed to a physical parameter such as 

temperature, oxygen concentration, etc. If the deviation was predicted (e.g., high oxygen 

concentration impact on F-factor calculation), that data was discarded. If there was no obvious 

physical explanation, best-fit estimates at other loads were used to identify and reject the outlier 

methodology. 

Inlet concentrations for some compounds were measured as part of the theoretical flow 

determination method using carbon balance and F-factors. At the inlet location, THC was 

measured using a hydrocarbon analyzer identical to the one that measured engine exhaust gas 

THC. An inlet carbon dioxide (CO2) measurement was also required as input to the theoretical 
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flow model. An ambient CO2 monitor Was used to measure the inlet CO2 concentration during 

each test run. 

The J85-GE-5H engine was tested by EQ in the past. The exhaust flow was calculated 

using identical theoretical methods including tracer gas methodologies. The most representative 

flow determination method was carbon balance. These flows were used for comparison with the 

exhaust flows determined in this program. 

Section 4 discusses in detail the methodologies that were applied to calculate air flow at 

the hush house engine test facilities. 

3.2.2 Pretest Measurement 

Preliminary test data for the Moody AFB sampling program was obtained at the slipstream 

during the shakedown runs. Preliminary flow rate data and gas composition data were collected. 

Augmenter tube and slipstream sampling geometry measurements were obtained and recorded, and 

sampling point distances verified. A preliminary velocity traverse was performed in the slipstream 

utilizing a calibrated S-type pitot tube and a D\yyer inclined manometer to determine velocity 

profiles. However, flow was not detectable using this methodology. Therefore, a hot wire 

anemometer was used to measvire velocity and flow was back-calculated. Exhaust gas temperatures 

were observed with a calibrated direct readout pyrometer equipped with a chromel-alumel 

thermocouple. 

A check for the presence or absence of cyclonic flow ("swirling" stack gas flow that is not 

flowing parallel to the stack walls) was conducted in the slipstream. Preliminary test data was used 

for nozzle sizing and samplmg rate determinations. Probe nozzles, pitot tubes, metering systems, 

and temperature measurement devices were calibrated on site as specified in Section 5 of EPA 

Method 5 test procedures. 

3.2.3 Gaseous Emission Measurement 

Continuous emission analyzers were utilized to measure gaseous pollutants at several 

locations during both the Moody and Randolph AFB test programs. NOx, CO, TNMHC, CO2, and 

O2 were measured continuously according to the procedures in EPA Methods 7E, 10,25A, and 3, 

respectively. In order to measure the relatively low concentration of CO2 in the exhaust stream, an 
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analyzer equivalent to a Siemens Ultramat SE analyzer, was used. This analyzer meets the 

specifications established by Pratt & Whitney Engineers during prior test programs. 

At Moody AFB, two complete sets of continuous emission analyzers were used to monitor 

emissions. One set of analyzers was dedicated to the slipstream system. The slipstream intake 

contained 12 sample intake ports (Figure 2-11). Each port was sampled individually so that 

pollutant distribution was verified. In addition, a composite sample was collected from all 12 

points after pollutant distribution was verified. The second complete set of continuous emission 

analyzers alternated monitoring between the hush house cooling air intake and the engine cruciform 

directly behind the engine. The cruciform contained eight sample intake ports (Figure 2-8) that 

were used to collect a composite sample directly behind the engine. A heated sampling line was 

run to each location and a tee valve installed so that the sample stream could be diverted at 

approximately 30-minute intervals. 

Similarly, a complete set of continuous emission analyzers was utilized at Randolph AFB to 

monitor emissions from the engine cruciform directly behind the engine. The cruciform contained 

six sample intake ports (Figure 2-7) that were used to collect a composite sample directly behind 

the engine. 

3.2.4 Particulate Measurement 

The collection of particulate matter from aircraft engines is difficult due to the lack of 

particulate present in the exhaust stream. The aircraft engines are highly efficient and thus 

produce minimal particulate matter, and the exhaust stream may be slightly diluted. Due to the 

difficulty in obtaining a measurable quantity of particulate matter from the engine exhaust using 

EPA test methodologies, the method was adapted to provide the best opportunity for particle 

collection. EPA Method 5 was utilized, but the sample run times were extended to three hours in 

length at the idle setting and two hours in length for the remaining settings. In past programs, a 

one-hour test duration was utilized and the isokinetic sampling rate was maximized in order to 

increase the sample volume. This resulted in filter material loss to the impingers and a high 

vacuum on the filter holder which resulted in filter material adhering to the support frit gasket. 

This caused filter material loss and a negative net mass gain with respect to filterable particulate 

matter. 
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In order to minimize method error and maximize the potential for particle gain, EPA 

Method 5 was followed in order to gain regulatory acceptance; the sample run time was extended 

to three hours at idle setting and two hours at intermediate and military while maintaining a 

steady sample flow rate so the filter material was not pulled to the impinger solutions. A Teflon 

filter support frit without a rubber gasket was used to minimize filter loss during sample 

recovery. The entire Method 5 sample was measured as total particulate. Therefore, the 

filterable fraction and condensible fraction were added together to provide a total particulate 

matter result. This assisted in accounting for any filter loss that may have carried to the 

impingers. 

EPA Method 51 was considered as part of this program.  This method is specific to low 

particulate concentrations and uses a smaller filter and increased sample rate. This method was 

considered but was not utilized based on past experience. In past sampling, the smaller filter 

surface area increased the method error when a small portion of the filter was lost. This resulted 

in a loss of mass. 

In a further attempt to collect a measurable quantity of particulate matter, a composite 

particulate sample was also conducted at each setting simultaneously with the three sample runs. 

The composite sample run followed EPA Method 5 procedures for a 9- or 6-hour duration. 

In order to assess the success of particle collection in the field, an analytical balance was 

brought to the test site for field weighing of the sample filters. The field weights were used as a 

qualitative indication of the particle catch on the filters. This indication allowed the test team to 

make adjustments in the field to maximize the opportunity for particle collection. 

For each engine setting, one particulate sample was analyzed by sCaiming electron 

microscopy (SEM) equipped with an Iridium X-ray Fluorescence (IXRF) digital image system to 

determine the particle size distribution by coimt and the aerodynamic particle shape. The EPA 

Method 5 filter media was modified for the sample to accommodate the SEM analysis. A 

polycarbonate filter media was used. The exact filter media was discussed with the analytical 

laboratory based on the intent of gaining the highest possible quantity of measurable particulate 

matter. Based on inspection of the polycarbonate filter at idle setting, run times were shortened 

to approximately half duration of the remaining two runs. This was completed so that particulate 

matter collected on the filter did not become so dense that the SEM would not be effective. 
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3.2.5 Hazardous Air Pollutant Sampling 

Sampling for select HAPs was conducted at the slipstream. Based on historical sampling 

programs, volatile organic compounds, aldehydes and ketones, and Polynuclear Aromatic 

Hydrocarbons (PAH) were the target of the sampling program. Volatiles were sampled at the 

slipstream using EPA Method 0030 and aldehydes and ketones were measured according to the 

procedures in EPA Method 0011. One aldehyde/ketone and PAH sample was collected at each 

setting in order to maximize sample volume. Three volatile samples were collected at each 

setting. National Institute of Occupational Safety and Health (NIOSH) Method 5506 was used to 

collect a sample for PAH at each setting. A sample was drawn through an in-stack filter across 

an XAD-2 resin trap at approximately 11pm. A single 1-hour sample was collected over each 

setting. 

3.2.6 Direct Engine Exhaust Measurement 

During each sample run, a single sample was collected directly behind the engine for 

gaseous pollutant analysis at the idle, intermediate, and military settings. The sample was 

collected from the engine cruciform situated directly behind the engine. These data were 

compared to the gaseous emissions data collected at the slipstream to note dilution ratios and 

possible secondary chemistry with the dilution air. 

At the idle, intermediate and military engine settings a single grab sample was collected 

for Benzene and Formaldehyde. Benzene was collected via TO Method 14 and Formaldehyde 

was analyzed via TO Method 11. 

3.2.7 Emissions Test Methods 

The following paragraphs discuss methods that were utilized for emissions testing. 

Fvirthermore, Appendix B presents the emissions sampling methods in greater detail, including 

descriptions of all exhaust emissions test sampling trains, sample preparation, sample 

procedures, sample recovery, and analytical procedures. 
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3.2.7.1 Particulate Sampling 

EPA Method 5 was used for particulate sampling at the slipstream exhaust at Moody 

AFB. The sampling train utilized to perform particulate sampling conformed to EPA Reference 

Methods 5 and 202 for the collection of both filterable particulate and back-half condensible 

particulate. One particulate sample at each setting was submitted for analysis of particle size 

distribution and shape. The particulate was analyzed using a scanning electron microscope (SEM) 

equipped with an IXRF iridium digital image system. 

3.2.7.2 Aldehyde and Ketone 

The sampling train utilized to perform aldehyde and ketone samplmg at Moody AFB 

conformed to EPA Method 0011. In order to increase sample volume and meet method detection 

limits, a single sample was collected at each settmg. For example, at the idle setting, a 9-hour 

sample was collected. 

3.2.7.3 VOCs 

The sampling train utilized to perform VOC sampling at Moody AFB conformed to EPA 

Reference Method 0030. Table 3-3 lists the VOCs that were analyzed for in each sample. Three 

VOC samples were collected at each setting and ran simultaneously with the participate runs. 

3.2.7.4 Polynuclear Aromatic Hydrocarbons 

National Institute of Occupational Safety and Health (NIOSH) Method 5506 was used to 

collect a sample for PAH at each setting. A sample was drawn through an in-stack filter across 

and XAD-2 resin trap at approximately 11pm. A single 1-hour sample was collected over each 

setting. 

3.2.7.5 Carbon Monoxide, Carbon Dioxide, Oxides of Nitrogen, and Oxygen 

Sampling was performed using a continuous emissions monitoring system (CEM) for 
oxygen and carbon dioxide (EPA Method 3A), carbon monoxide (EPA Method 10), and nitrogen 

oxides (EPA Method 7E) at both Moody AFB and Randolph AFB. Due to the expected low 
concentration of CO2 in the exhaust stream, Siemens Ultramat 5E was used. The analyzer has 
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TABLE 3-3. SUMMARY OF SOURCE TARGET COMPOUNDS FOR 
VOLATILE ORGANIC COMPOUNDS 

VOST Compounds - Clean Air Act List 
Acetone trans-1,2-Dichloroethene 
Benzene 1,2-Dichloropropane 
Bromodichloromethane cis-1,3-Dichloropropene 
Bromomethane trans-1,3 -Dichloropropene 
Bromoform Ethylbenzene 
2-Butanone 2-Hexanone 
1,3 Butadiene Methylene chloride 
Carbon disulfide 4-Methyl-2-pentanone 
Carbon tetrachloride Styrene 
Chlorobenzene 1,1,2,2-Tetrachloroethane 
Chlorodibromomethane Tetrachloroethene 
Chloroethane Toluene 
Chloroform 1,1,1 -Trichloroethane 
Chloromethane 1,1,2-Trichloroethane 
1,1 -Dichloroethane Trichloroethene 
1,2-Dichloroethane Trichlorofluoromethane 
1,1 -Dichloroethene Vinyl acetate 
Cis-1,2-Dichloroethene M,P-Xylene 

O-Xylene 

the ability to measure the concentration in several ranges: 0-2%, 0-5%, and 0-10% CO2 with 

accuracy to three decimal places. 

3.2.7.6 Methane and Non-methane Hydrocarbons (NMHC) 

NMHCs were measured directly at Moody AFB and Randolph AFB using a J.U.M. 

Model 109A methane/non-methane hydrocarbon analyzer. The Model 109A contains two flame 

ionization detectors (FIDs). The sample is split before being sent to the respective FIDs. One 

fraction is passed through a catalytic converter to combust all non-methane hydrocarbons (to 

CO2) before the sample is measured in the FID. The methane residual in the sample is the only 

component that is measured by that detector. The other sample fraction is sent to the second 

FID, which measures the total hydrocarbon concentration of the sample. Both FIDs are initially 

calibrated with a methane calibration standard, so both the total hydrocarbon and the methane 

residual are measured as methane. The difference between these two values is automatically 

determined and reported as non-methane hydrocarbons by the Model 109A. 

3-12 



Any sampling configuration which splits the sample stream, analyzes one fraction for 

total hydrocarbons and catalyzes the remaining fraction to remove non-methane hydrocarbons 

before analysis of the methane residual was considered the equivalent of the J.U.M. Model 109A. 

The equivalent analyzer configurations can employ two parallel hydrocarbon analyzers, with a 

J.U.M. Model 900 NMHC-cutter treating one fraction of the sample, or using a single 

hydrocarbon analyzer and catalytic pre-cutter, with the FED alternating between the total and 

methane residual fractions. The analyzer was challenged with a zero and span gas at the 

beginning and end of each sample day to calibrate and assess the instrument's calibration. 

3.2.8 Hush House Inlet Air Sampling 

Due to the location of the Moody T-10 and Randolph T-12 hush houses, the influence of 

ambient pollutants on the measured concentrations from the engine exhaust were negligible. 

Therefore, the hush house inlet was monitored for CO, CO2,02, and TNMHC in order to 

complete the carbon balance and f-factor flow calculation. 

Sampling was performed using a continuous emissions monitoring system (CEM) for 

oxygen and carbon dioxide (EPA Method 3A), carbon monoxide (EPA Method 10), and total 

non-methane hydrocarbons (EPA Method 25A). Due to the expected low concentration of CO2 

in the exhaust stream at the slipsteam, a low concenfration GO2 monitor was utiUzed to measure 

CO2. The CO2 analyzer had the ability to measure the concentration in several ranges: 0-1,000 

ppm, 0-1% and 0-5% CO2. 

3.3 ENGINE TESTING MATRIX 

3.3.1 Engine Shakedown Runs 

Prior to the commencement of emission testing, a preliminary set of gaseous emission 

and exhaust flow data were determined at each setting except afterburner. The purpose of the 

shakedown runs was to determine the expected gaseous pollutant concenttations so that the 

appropriate calibration gases could be determined. Also, the preliminary flow measurements 

were used at Moody AFB to select the proper sample nozzle diameter. 
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During the shakedown runs, several measurements were made at muhiple idle settings. 

The fuel flow was adjusted at small increments and gaseous emissions were measured at the 

slipstream rake to note the variance in emissions with fuel flow near idle. 

3.3.2 Engine Test Settings 

Emissions testing was performed on the J85-GE-5R engine at four power settmgs. These 

power settings are the following: 

° Idle. 
° Intermediate. 
° Military. 
° Afterburner. 

At Moody AFB, emissions testing comprised three emissions tests for each pollutant at 

each power setting where possible. At the idle setting, three 3-hour emission test runs were 

conducted. Due to sample volume and method detection limit requirements, the aldehyde/ketone 

sample was composited over the 6- or 9-hour period. The other particulate matter and volatile 

samples ran for 2 or 3 hours based on the particulate gain. The engine was brought down to a 

safe operating level so that the test team personnel could access sampling equipment for 

approximately 10 minutes in between each sample run. All engine settings were defined by 

engine operators so that the engine could be run continuously (or as long as practical) at idle, 

intermediate, military, and afterburner. EQ adjusted the sample collection procedure to 

accommodate the reduced operating time at the afterburner setting. Approximately five 5-minute 

samples of gaseous pollutants (NOx, CO, TNMHC, CO2, O2) were sampled at the afterburner 

settmg. Table 3-4 lists engine type, number of power settings, and number and types of samples 

that were collected. 

At Randolph AFB, 30-minutes of combmed readings at idle, intermediate, military, and 

afterburner were collected from two engines. 

3.3.3 Engine Emission Trend Development 

In addition to the settings listed in Table 3-4, a sample run from idle to military was 

conducted. The purpose of the run was to sample for gaseous pollutants throughout the engine 
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power band. The engine throttle position was increased in small increments at 10-minute 

intervals so that gaseous emission data could be collected at the slipstream rake to develop an 

emission trend for the engine. These data are presented in Table 5-1. 

3.4 ENGINE TEST CYCLE DATA 

In order to correlate the aircraft engine emissions data vdth the engine operation, facility 

personnel compiled selected engine test cycle data during testing. The engine test monitoring 

system at the test stand constantly monitors a variety of engine parameters during engine testing. 

For the purpose of emissions sampling, a select number of these parameters were provided to the 

Support Program Office (SPO) for emission factor development. These parameters will assist in 

noting the effect of a specific pollutant for a specific engine load condition. The following data 

was compiled by facility personnel: 

° Fuel flow at each load. 
° Engine rpm at each load. 
° Thrust at each load. 
° Test cell temperature. 

Table 3-5 presents engine operating data. 

TABLE 3-5 . ENGI NEO PERA' riNG DATA 
Power Setting Fuel Flow 

(Ibs/hr) 
%RPM 

(Average) 
lb/Thrust 
(Average) 

Cell 
Temperature 

J85-GE-5M (Moody AFB) 

Idle 525 49.5 55 83 

Intermediate 1,045 85.5 808 86 

Military 2,550 99.7 2,521 77 

Afterburner 7,695 99.8 3,450 88 

T-38 (with PMP) Talon (Randol ph AFB) 

Engine I 2 1 2 

Not Recorded 

Idle 520 520 50 49 

Intermediate 980 1080 85 85 

Military 2,200 2,240 100 100 

Afterburner 15,390 15,390 100 100 
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3.5 JP-8+100 FUEL SAMPLING AND ANALYSIS 

The proximate/ultimate JP-8+100 fuel analysis and level of nitrogen was determined for 

the facility in order to develop a custom F-factor and to document fuel characteristics during 

emissions testing. Table 3-6 lists the fuel analysis requirements. One fuel sample at each setting 

was collected over the period of testing and composited. EQ collected these samples and shipped 

them to the appropriate laboratory for analysis. 

In addition to the proximate/ultimate JP-8+100 fuel analysis, EQ submitted a portion of 

the composited sample for analysis of the metals listed in TablS 3-7. 

TABLE 3-6. JP-8+100 FUEL ANALYSIS 
Parameter Analytical Method Result 

Btu/lb ASTM D-240 19,300 Btu/lb 
Sulfur % ASTM D-2622 0.0496% 
Carbon % ASTM D-5291 85.52% 
Nitrogen % ASTM 4629 0.0007% 
Hydrogen % ASTM D-5291 14.18% 
Ash % ASTM D482 <0.001% 
Naphthenes % PONA Analysis 45.6% 
Aromatics % PONA Analysis 23.5% 
Parafins % PONA Analysis 30.4% 
Olefins % PONA Analysis 0.5% 

TABLE 3-7. SUMMARY OF SOURCE TARGET METALS 
FROM JP-8 FUEL ANALYSIS 

Metal Analytical Method Analytical Result (mg/kg) 

Antimony 6010 <0.05 
Arsenic 6010 <0.063 
Barium 6010 <0.025 
Beryllium 6010 <0.0025 
Cadmium 6010 <0.013 
Chromium 6010 <0.013 
Cobalt 6010 <0.013 
Copper 6010 0.025 (MDL = 0.025) 
Lead 6010 <0.063 
Manganese 6010 0.013 (MDL = 0.013) 
Mercury 7470 <0.0005 
Nickel 6010 0.038 
Phosphorus 365.2 1.2 (MDL =0.025) 
Selenium 6010 0.13 
Silver 6010 0.013 
Thallium 6010 0.075 
Zinc 6010 0.025 

Note: A sample and duplicate were submitted for analysis. The highest 
concentration is recorded in the table above. 
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3.6 EMISSION TEST SCHEDULE AND RESPONSIBILITIES 

Figure 3-1 shows the time-line for engine testing. The time-lines depict activities and the 

time each activity required for equipment setup, shakedown runs, emissions testing, and 

demobilization at the test facility. 

The following is a breakout of the general tasks conducted during each of the three 

phases: 

**    Equipment setup - Setup of the slipstream and calibration of sampling equipment took 5 
days. This involved setting up the exhaust rake and slipstream sampling systems, sampling 
equipment, the flow measurement system, and the mobile laboratory. EQ worked with base 
personnel so that the facility test schedule was not interrupted. 

°    Shakedown - During this important period, the test team and engine test stand operators 
became familiar v^ith the operational procedures of the test program. The test team gathered 
preliminary information at each of the engine test settings. This information was vital to 
ensure that the scheduled test runs were conducted accurately and efficiently. 

**    Testing - The test team completed three test runs at a single engine setting in one sample day. 
Testing was completed in 3 days. 

**    Teardown - Teardown of the equipment was accomplished in 2 days. 

3.6.1 Personnel Responsibilities 

The nature of this test program dictates that the members of the sampling team be highly 

skilled. The program was staffed at the appropriate level with the necessary skill levels to 

perform each task. Each team member was actively involved in the collection of emissions 

samples, fuel samples, sample recovery, data reduction, and sample shipment. Table 3-8 lists the 

personnel categories and the required qualifications and tasks. The test team functioned as an 

integrated unit to complete the test program efficiently and without compromising data quality. 
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TABLE 3-8. BREAKOUT OF MOODY AFB FIELD TEAM 
PERSONNEL AND RESPONSIBILITIES 

Personnel Responsibilities/Qualifications 
EQ Project Manager Acted as liaison between Base personnel, 

sample team, and AFIERA/RSEQ. 
Coordinated engine operation with testing. 
Assisted in equipment preparation and sample 
recovery. Set up and constructed sampling 
equipment. 

EQ Team Leaders Assumed technical responsibility for overall 
sampling effort and sample recovery. Set up 
and calibrated equipment. Operated VOST 
system. Supervised International Aviation 
Transportation Association (IATA)/DOT 
certification of shipment of hazardous 
materials (hazardous sample media, i.e., 
acetone); and acted as field sample custodian. 

CEM Operator Operated and calibrated CEM systems. 
Particulate Matter Train Operator Operated particulate matter sampling train and 

composite train and assisted in sample 
recovery. 

Aldehyde and Ketone Train Operator Operated aldehyde and ketone sampling train. 

BREAKOUT OF RANDOLPH AFB FIELD TEAM 
PERSONNEL AND RESPONSIBILITIES 

Personnel Responsibilities/Qualiflcations 
EQ Project Manager Acted as liaison between Base personnel, 

sample team, and AFIERA/RSEQ. 
Coordinated engine operation with testing. 
Assisted in equipment preparation and sample 
recovery. Set up sampling equipment. 

CEM Operator Operated and calibrated CEM system. 
Sampling Technician Provided sampling support to the above 

personnel. 
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SECTION 4 

CALCULATION OF AIRFLOW 

The calculation of emission rates for this test program required accurate measurement of 

both inlet (ambient) airflow as well as total exhaust flow (combustion products plus excess air). 

The total exhaust flow was required to quantify mass emission rates for the parameters being 

measured. 

Whenever possible, standard EPA flow measurement methods were used to quantify 

airflow. However, this test location did not provide adequate measurement locations for 

traditional flow measurements. Three alternate flow measiu-ement techniques were employed at 

this location. These measurement techniques were the following: 

°    Direct measurement. 
°    Carbon balance for the calculation of inlet and total exhaust flow. 
°    F-factor for the calculation ofinlet and total exhaust flow. 

Each method had advantages and disadvantages that varied in significance depending on 

the specific conditions of each test run. The objective of the test program was to ensure that at 

least two independent techniques for measuring airflow were available for each test run. 

An attempt was made to directly measure the engine exhaust velocity. A pitot tube was , 

attached at a single point to the engme cruciform. This was used as an additional data point for 

comparison. 

4.1 CALCULATION OF INLET AND OUTLET AIRFLOW USING A CARBON 
BALANCE 

This method calculates both inlet and outlet airflow rates using a carbon mass balance. 

Conservation of matter requires that the total carbon mass rate in the exhaust (MCE) equal the 

sum of the total carbon mass rate in the fuel (MCF) and the carbon mass rate in the inlet air 

(MCI). 
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MCE = MCF + MCI Equation 1 

A similar conservation of total mass states that the total mass rate in the exhaust (ME) 

equals the total mass rate in the fuel (MF) plus the total mass rate at the inlet (MI). 

ME = MF + MI Equation 2 

Finally, the mass rate of carbon also can be derived as the total mass rate at each location 

times the percent carbon by weight (% Cx) in each stream. 

MCE = ME X % Ce/100 Equation 3 
MCF = MF X % Cf/l 00 Equation 4 
MCI = MI X % Q/lOO Equation 5 

The percent carbon by weight was measured in all streams and the mass rate of fuel 

burned was also measured. This left four unknown variables, ME, MI, MCE, and MCI, and five 

independent equations. 

To solve for inlet mass flow rate, substitute Equation 2 into Equation 3. 

MCE = (MF X % Ce/100) + (MI X % Ce/100) 

Then substitute that equation into Equation 1. 

(MF X % Ce/100) + (MI X Ce/100) = MCF + MCI 

Substitute Equations 4 and 5 to get: 

(MF X % Ce/100) + (MI X % Ce/100) = (MF X % Cf/l00) + (MI x % Q/lOO) 

Rearrange factors to get the inlet mass rate. 

MI = MF 
% Cf - % C. 

100 100 

By similar derivation, rearrange Equation 2, substitute into Equation 5, substitute the 

results into Equation 1, and then substitute Equations 3 and 4 to get the following: 

MI = ME - MF Equation 2 
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MCI = (ME X % Ci/100) - (MF x % Ci/100)        Equation 5 using Equation 2 
MCE = MCF + (ME x % Cj/100) - (MF x % CJ\ 00)   Equation 1 using Equation 5 

MEx—-f   =   MFx—-^   + 
100 J      \ 100 

( %C.'l    ( VoC.\       Substitute 
ME X —-r   -   MF X 

ME = MF 

100 y    V 100 ;       Equations 3 and 4 

%Cf - %CiWf%C, -%c/ 
100    ;/ V     100 

The mass emission rates can be converted to volumetric flow rates by dividing by 

molecular weight and multiplying by standard volume. For example: 

ME X 385.35 
QE =  
^ MW, 

Where: 

wscf 
QE = Wet standard volumetric flow rate,     .   . 

mm 
lb 

ME = Total exhaust flow rate, —:—. 
mm 

lb 
MWe = Wet molecular weight exhaust stream, — —. 

lb mole 
scf 

385.35 = Standard molar volume, —. 
lb mole 

The fuel mass rate was measiu-ed directly during each test run, and the % Cf was 

determined by the fuel analysis. 

The wet molecular weights of the exhaust gas streams were determined by EPA 

Reference Methods 3A and 4 (40 CFR 60). These methods measure the percent moisture (% M) 

of the gas stream and percent carbon dioxide (% CO2) and oxygen (% O2) in the gas stream on a 

dry basis, which were used to calculate the molecular weight as follows: 

MW = j(%CO2x0.48) + (%O2x0.32) + ((%C0 + "/ONJ * 0.28)} * ll 
%M 
100 

+ (%Mx0.18) 

Where: 
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% M = Moisture content as a percent. 

For the purpose of calculating a molecular weight, (% CO + % N2) was assumed to be (1 

- % CO2 - % O2). Calculation of the carbon content of the exhaust gas stream used the % CO2 as 

determined by Method 3 A, plus additional measurements of carbon monoxide (% CO) and total 

hydrocarbons (% THC) by EPA Reference Methods 10 and 25A (40 CFR 60, Appendix A). The 

% THC was stated on the basis of methane (CH4). The carbon monoxide (CO) and carbon 

dioxide (CO2) concentrations were measiu-ed on a dry basis and must be converted to a wet basis 

using the measured moisture content of the exhaust gas. THC was measured on a wet basis. 

% CO2 (wet) = % CO2 (dry) x I 1 - ^^^-^ 

% CO (wet) = % CO (dry) x  1 - 

100 
% M 
100 

The total carbon content of the exhaust gas stream is equal to the sum of % CO2, % CO, and % 

THC on a wet basis times the ratio of carbon molecular weight to the total wet molecular weight 

of the gas stream. 

% Ce = (% CO2 wet + % CO wet + % THC) x ^^ 
MW^ 

A similar calculation was required for the inlet air volumetric flow rate, but the following 

simplifying assumptions were made: 

°    Dry ambient air is composed of 20.9% oxygen and 79.1 % nitrogen. 
°    Ambient humidity represents the moisture content ofthe inlet air. 

The major drawback to this measurement method was the use of extremely low carbon 

concentration values at the inlet, and relatively low concentrations at the exhaust to modify the 

very high carbon concentrations in the fiiel. As excess air increased, the inlet flow would be 

indistinguishable from the outlet flow. The major advantage of this procedure was that the only 

additional data that were required to calculate flow were: the inlet flow; CO, CO2, and THC 

values; and ambient humidity. 
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4.2 CALCULATION OF AIRFLOW USING F-FACTORS 

F-factors relate the volume of combustion products to the heat content of fuel. F-factors 

generally are used for combustion sources when the exhaust stream flow rate is known, but the 

fiiel heat input must be determined. In this case, the fuel input was determined easily and the 

volumetric flow of combustion air was difficult to determine. The F-factor relationship was used 

to calculate the total airflow based on a fuel firing rate. 

F-factors are published for a variety of fuels and usually are expressed in units of dry 

standard cubic feet per British thermal unit (dscfBtu or dscm)/joule (J). For this test program, 

specific F-factors were determined through ultimate analysis of the fuel components on a weight 

percent basis and fuel density. 

°    Ultimate analysis of jet fuel (i.e., hydrogen, carbon, sulfur, nitrogen, oxygen, and density 
(pounds per gallon [lb/gal]) on a mass basis (% wt). 

To determine the air volumetric flow rate, the following additional information was 

required: 

°    The concentrations of oxygen, carbon monoxide, and moisture content in the exhaust stream 
after combustion. 

°    Fuel firing rate, gallons per minute (gal/min). 

The F-factor, dry basis, was calculated from the ultimate analysis of the jet fuel as 

follows: 

Fd        = K[(Khd % H) + (Kc % C) + (Ks % S) + (K„ % N) - (IQ, % 0)]/GCV 
(Equation 19-13,40 CFR 60, Appendix A, Method 19) 

If the heat input components (K, GCV) are eliminated from the equation, an F-factor 

based on fuel mass is derived. 

Fmd = [(Khd % H) + (Kc % C) + (Ks % S) + (Kn % N) - (Ko % O)] 

Where: 
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Fd = Volume of combustion components per unit of heat content, scf million Btu. 
Fmd = Volume of combustion component on a dry basis per pound of fuel, scflb. 
% H, % C, % S, % N, % O = Weight percents of hydrogen, carbon, sulfur, 

nitrogen, and oxygen in the jet fuel. 
GCV = Gross calorific value of the fuel consistent with the ultimate analysis, 

Btu/lb. 
K = Conversion factor, 10"^. 
Khd = 3.64 (scmb)/(%). 
Kc=1.53(scf71b)/(%). 
Ks = 0.53 (scmb)/(%). 
Kn = 0.14(scmb)/(%). 
Ko = 0.46 (scmb)/(%). 

Stoichiometric combustion calculations assume that the carbon in the fuel is burned 

completely to produce carbon dioxide and water with no excess air (and no significant formation 

of nitrogen dioxide or carbon monoxide). The air stoichiometric volumetric flow rate (dry basis) 

was determined by simply multiplying the measured fuel firing rate by the F-factors. 

Fuel firing rate, 
gal 
miny 

fUel density. 
gal. 

^        scf 
lb 

= dry combustion airflow, 
scf 
mm 

The percent excess air (EA) during actual combustion was calculated using the following 

formula: 

%EA 
% O, - 0.5% CO 

.20.9 - (%02 - 0.5% CO) 
xlOO 

Where: 

% O2, % CO = Measured percents of oxygen, and carbon monoxide, in the exhaust gas. 
20.9 is the percent dry oxygen in ambient air. 

Total dry combustion flow (including) excess air equals: 

Total dry air flow (dry combustion air flow) 1 + 
%EA 

100 

This simplifies to: 

4-6 



Total dry combustion flow, 

 20.9 

20.9 - % O, + 0.5 % CO 

scf 

min 
(dry combustion air) 

The inlet airflow is equal to the total dry combustion air plus the fraction of oxygen in the 

inlet used for the combustion of hydrogen in the fuel. The nitrogen associated with this oxygen 

fraction of the inlet air was included in the Fa calculation. 

This inlet oxygen fraction can be derived &om the same F-factor calculations presented 

in EPA Method 19. 

Fmo - K [Khi % H] 

Where: 

Fmo = Volume of inlet oxygen used to combust hydrogen per unit of fuel fired, scf/lb. 
Khi = 0.96 (scf/lb)/%. 
% H = Weight percent of hydrogen in the fuel as stated previously. 

Then the total dry inlet airflow is the following: 

gal 
Dry inlet air fuel firing rate, 

mm. 
fuel density, 

lb 

gal. md mo J 

20.9 

20.9 - %02 + 0.5% CO 

The inlet air then can be corrected back to actual conditions using the ambient 

temperature and humidity. The total exhaust flow can be adjusted to actual conditions using the 

measured exhaust moisture content and temperature. 

There are limitations to the use of these F-factors for calculations of airflow from jet 

engines. The concentration of carbon monoxide in the combustion stream normally is so low 

that it is insignificant in the excess air calculation, but it has been included to cover operation 

during periods of incomplete combustion. If the combustion is so incomplete that large 

quantities of the fuel are exhausted as carbon (soot) or volatile hydrocarbons (THC), the % C of 

the fuel must be reduced to account for the reduced formation of combustion products. 
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The second limitation arises when high levels of excess air are present. At high excess 

air levels, the carbon monoxide concentration becomes zero, but the oxygen content of the 

combustion gas approaches ambient concentrations (20.9 % O2). The excess air equation 

becomes unreliable at a concentration of 20.9 % oxygen as this equation is undefined due to 

division by zero. As a general rule, these F-factor calculations will be imreliable any time the 

combustion gas contains more than 18.5 % oxygen. 
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SECTIONS 

RESULTS 

J85-GE-5R aircraft engine exhaust emissions were characterized to determine the 

concentration, mass emission rate, and emission factor relative to JP-8+100 fuel flow for criteria 

and select hazardous air pollutants. A single J85-GE-5M engine was tested on a test stand in a 

hush house at Moody AFB and the gaseous emissions from a T-38C with PMP Talon were 

measured directly behind the engine at Randolph AFB. Sampling was performed at Moody AFB 

for nitrogen oxides (NOx), carbon monoxide (CO), carbon dioxide (CO2), non-methane 

hydrocarbons (NMHC), particulate matter (PM), particle size characterization, aldehyde and 

ketones, and volatile organic compounds. Also, the condensable particulate matter fraction was 

analyzed to determme the presence of organics. At Randolph AFB, NOx, CO, NMHC, CO2, and 

O2 were recorded at each setting. Semi-volatile organic compounds, metals, and sulfur dioxide 

emissions were not part of the scope or work for this engine. Historical aircraft engine emission 

sampling has noted that the semi-volatile analysis has provided non-detected and scattered 

detected values. Metals analysis has also shown mainly non-detect values, which was confirmed 

by an analysis of the fuel. Sulfur dioxide emissions are reported based on the procedvire 

documented by AFIERA ("Air Emissions Inventory Guidance Document for Mobile Sources at 

Air Force Installations," January 2002). This procedvire estimates that sulfur dioxide in the fuel 

undergoes complete oxidation to SO2. The sulfur content in JP-8+100 fuel was determined 

during testing to assure consistency with published results. Ambient measurements for CO, CO2, 

O2, and NMHC were made in order to complete carbon balance and f-factor calculations. 

Emission rates were not corrected for ambient pollutants due to the lack of contributing sources 

in the vicinity of the test facility. 

As part of the emission testing program, samples were collected directly behind the 

aircraft engine at both Moody and Randolph Air Force Bases, at the end of the augmenter tube 

where the engine exhaust exits the hush house, and in the slipstream duct at Moody AFB. As 

described in Section 2 and shown in Figure 2-8, a stainless steel rake with multiple sampling 
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nozzles was installed directly behind the engine to collect gaseous, benzene, and formaldehyde 

emissions data at the idle, intermediate, and military engine settings. Near the end of the 

augmenter tube, where the emissions exhaust the hush house, a stainless steel slipstream 

sampling system was installed to transfer the engine exhaust out of the hush house to a safe 

location for sampling. The slipstream rake, shown in Figure 2-11, consists of 12 sample intake 

nozzles that were used to determine pollutant distribution in the augmenter tube and to collect a 

gaseous emission sample from each of the 12 points. After the slipstream had exited the hush 

house, the slipstream duct was utilized to extract manual samples for PM, aldehyde and ketones, 

and volatile organic compounds. These sampling locations are referred to as the engine rake and 

slipstream rake accordingly. The purpose of sampling at multiple locations was to study the 

pollutant mass emission rates as they traveled from the engine to the atmosphere and note if any 

secondary chemistry occurred during the residence time in the augmenter tube. 

A similar engine rake was utilized at Randolph AFB to measure emissions directly behind 

the engine. The emissions data are discussed in this section. 

5.1 GASEOUS POLLUTANTS 

Gaseous emissions were collected at the engine rake and slipstream rake for the J85-GE- 

5M engine tested at Moody AFB. Gaseous emissions were collected directly behind the T-38C 

with PMP aircraft at Randolph AFB. The results of the sampling at each location are provided in 

the following sections. 

5.1.1 Gaseous Emissions 

Prior to the actual emission test runs at each engine setting at Moody AFB, a series of 

shakedown runs were performed to note gaseous pollutant concentrations and the point where 

CO emissions decrease and NOx emissions increase. Data was collected at the idle, 

intermediate, and military power settings as well as at several interim power settings to note the 

variation of NOx, CO, CO2,02, and NMHC. 
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Table 5-1 and Figure 5-1 present the gaseous emissions data collected at various power 

settings during the shakedown runs. It can be seen that at approximately 25% power (871 Ibs/hr 

fuel flow), the CO emissions begin to decrease significantly. 

TABLE 5-1 
J85-GE-5M (Moody AFB) 

GASEOUS EMISSIONS SUMMARY 
EMISSION TREND SUMMARY 

ENGINE RAKE 

Power Setting 
(Fuel Flow, Ibs/hr) 

O2 
Dry% 

CO2 
Dry% 

NOx 
Dry ppm 

NMHC 
Wet ppm 
(as CH4) 

CO 
Dry ppm 

Idle (525) 19.7 0.6 3.8 167 687 

(698) 19.9 0.5 3.9 80 466 

(871) 19.9 0.5 4.3 46 .     340 

(930) 19.9 0.7 5.0 31 309 

Intermediate (1,045) 19.8 0.5 6.2 17 231 

Military (2,550) 19.0 1.2 16.2 7 184 

Tables 5-2 and 5-3 contain the gaseous emission s.vmimary for the gaseous emission 

samples collected directly behind the engine and at the slipstream near the end of the augmenter 

tube for the J85-GE-5R engine tested at Moody AFB. As can be seen in Table 5-4, the CO, 

NMHC, and CO2 emission rates compare well, while the NOx data tended to be higher directly 

behind the engine. The NOx concentration directly behind the engine was predominantly NO2. 

As the NO2 traveled down the augmenter tube, the NO2 dispersed into N and O2 resulting in a 

decrease in NOx at the slipstream. This is confirmed by the high NO concentration at the 

slipstream and little NO2. 

A summary of the on-wing emissions from the T-38C with PMP Talon Aircraft operated 

at Randolph AFB is shown in Table 5-5. The emission factors differed slightly fi-om those 

collected at Moody AFB. The differences are minimal and the emission factors are in the same 

order of magnitude. The difference in emissions between Moody AFB and Randolph AFB can 

be attributed to the position of the sampling rake behind the engine. At Randolph AFB the 

engine rake was positioned approximately 3 feet behind the engine. At Moody AFB the engine 
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rake was positioned approximately 15 feet behind the engine. The difference in position is due to 

the physical configuration of the engine on the test stand. 

A simimary of the stock J85-GE-5H emissions data is presented in Table ni-3 in the 

Executive Summary. These data were collected using a slipstream in a test cell at Laughlin AFB. 

The test cell and slipstream configurations are much different than those in this program, but the 

data is presented for comparison purposes. The NOx emission factor of 1.1 lbs/1000 lbs fuel at 

idle is identical to the NOx emission index for the T-38. CO is approximately 191 lbs/1000 lbs 

fuel for the J85-GE-5M and 212 lbs/1000 lbs fuel for the J85-GE-5H. NMHC emissions were 

higher from the unmodified engine at 34 lbs/1000 lbs fuel compared to 21 lbs/1000 lbs fuel at the 

idle setting. At the intermediate power setting, the CO and NMHC emissions were higher on the 

unmodified engine, but the NOx emissions were similar, 1.7 lbs/1000 lbs fuel (J85-GE-5H) 

compared to 1.8 lbs/1000 lbs fuel (J85-GE-5M). At military, the historic NOx emission index 

was 3 lbs/1000 lbs fuel, but during this program the emission index was 2 lb/1000 lbs fuel. CO 

was 36 lbs/1000 lbs fuel historically and 31 lbs/1000 lbs fuel for the T-38 aircraft. NMHC were 

0.6 and 0.5 lb/1000 lbs fuel for the J85-GE-5H and J85-GE-5M engines respectively. 

The afterburner data collected at Moody AFB was comparable to the historic data set. 

Also, the engine rake data and slipstream data were comparable for the testing conducted at 

Moody AFB. The afterburner data at Randolph AFB for the T-38C with PMP was not similar to 

the data collected at Moody AFB. At both locations, the sample time at afterburner was limited. 

Ehiring the J85-GE-5M testing at Moody AFB, the engine reached afterburner for a 3-minute 

period, but could not return to afterburner due to a failed fuel delivery problem. At Randolph 

AFB during testing of the T-38C with PMP Talon, the engine sampling rake was destroyed after 

approximately 5 minutes of sampling. Therefore, the afterburner data collected at Randolph 

AFB appears to be an outher since the J85-GE-5M data compares well with the historic J85-GE- 

5H data set. 

5.2 VOLATILE ORGANIC COMPOUNDS 

Speciation of volatile organic compounds was performed at the hush house exhaust for 

the engine at each engine setting with the exception of afterburner. The highest emission rate of 

volatiles was at the idle setting. This has been the typical trend in historic engine emission 
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testing. Due to the inefficiencies in engine operation at idle, unbumed hydrocarbons tend to be 

present in the exhaust stream resulting in higher organic emissions. The VOC HAP total at idle 

was 0.13 lb/1000 lbs fuel. The detected compounds at each setting were similar to the speciated 

HAPs determined in historical test programs. Typically, naphthalene, benzene, toluene, 

ethylbenzene, xylene and styrene were detected in the exhaust stream. A simmiary of the volatile 

emissions is provided in Tables 5-6 through 5-8. 

5.2.1 Speciated Pollutant Comparison 

Samples for benzene and formaldehyde were collected directly behind the engine and at 

the slipstream duct to note the variation in emissions at the idle, intermediate, and military 

settings. The benzene emissions determined directly behind the engine are summarized in Table 

5-9. These data were typically one order of magnitude higher than the benzene emissions at the 

slipstream shown in Tables 5-6 through 5-8. At idle the emission factor for benzene behind the 

engine was 0.74 lb/1000 lbs fuel and 0.03 lb/1000 lbs fuel at the slipstream. At the intermediate 

engine setting, the benzene emission factor was 0.02 lb/1000 lbs fuel at the slipstream and 

0.24 lb/1000 lbs fuel at the engine exhaust. Formaldehyde samples collected at the idle, 

intermediate, and military settings behind the engine were compared to the formaldehyde data 

collected at the slipstream duct. These data are presented in Tables 5-10 and 5-11. The 

formaldehyde data collected behind the engine, shown in Table 5-10, provided an engine 

emission factor of 1.45 lbs/1000 lbs fuel at idle, 1.64 lbs/1000 lbs fuel at intermediate, and 0.18 

lb/1000 lbs fuel at military. The formaldehyde data collected at the slipstream, shown in Table 

5-11, indicate an emission factor of 2.26 lbs/1000 lbs fuel at idle, 0.35 lb/1000 lbs fuel at 

intermediate, and 0.02 lb/1000 lbs fuel at military. 

5.3 ALDEHYDE AND KETONES 

Aldehyde and ketone data was collected at the slipstream duct for the idle, intermediate 

and military settings. These data are simmiarized in Table 5-11. The emission rates were highest 

at the idle setting, which is consistent with the data trends seen in this program. Formaldehyde 

was the pollutant emitted in the highest quantity at 2.26 lbs/1000 lbs fuel at idle. As the engine 
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moved from idle to the higher engine settings the emissions decreased accordingly. 

Formaldehyde emissions were 0.02 lb/1000 lbs fuel at military. 

5.4 POLYNUCLEAR AROMATIC HYDROCARBONS 

Samples for polynuclear aromatic hydrocarbons were collected at the slipstream for the 

J85-GE-5M engine. A summary of the results for the idle, intermediate, and military settings is 

provided in Table 5-12. Naphthalene and 2-methyhiaphthalene were detected at the idle setting 

only. 

5.5 POLLUTANT MIXING IN THE AUGMENTER TUBE 

Pollutant mixing in the augmenter tube was examined at Moody AFB through the use of 

12 sampling points within the augmenter tube fixed to the slipstream rake. The points were 

positioned according the to procedures in EPA Method 1 and are provided in Figure 5-2. By 

investigating the mixing of emissions from the engine, we could define the profile within the 

augmenter tube (at the point of collection, the slipstream rake) for the engine emissions. At each 

engine setting, CO concentrations were compared to each other. As shown in Table 5-13, the 

concentrations of CO varied by 22%, 12%, and 9% between the highest and lowest values 

observed from the 12 sampling points at idle, intermediate, and military respectively. This 

indicated that CO was well distributed with the ambient air entering the hush house and into the 

augmenter tube. The slight variance in emissions does not impact sample collection since the 

gaseous emissions were collected at all 12 slipstream rake intake points and averaged and the 

inorganic and volatile samples were collected from the slipstream duct where there was a slight 

increase in concentration. The data showed at the tested conditions, that stratification of the 

engine exhaust was not significant. 

5.6 PARTICULATE MATTER 

The total particulate emissions are presented in Table 5-14. The results represent the total 

particulate, condensable (aqueous fraction only), and filterable exiting the hush house. 
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TABLE 5-15. 
PERCENTAGES OF CARBON PARTICLES IN VARIOUS 
DIAMETER RANGES BY NUMBER OF PARTICLES 

Idle Intermediate Military 
FUter Number PCOOl PC002 PC003 Blank 
Diameter Range 

(urn) 
.5-2.5 92.4% 88.2% 89.4% NA* 

2.5-5.0 6.7% 10.8% 8.7% 
5.0-7.5 1.0% 1.0% 1.0% 
7.5-10 0.0% 0.0% 1.0% 
>10 0.0% 0.0% 0.0% 

*NA - Insufficient particles for a valid statistical analysis 

PERCENTAGES OF CARBON PARTICLES IN VARIOUS 
DIAMETER RANGES BY ESTIMATED MASS OF PARTICLES 

Idle Intermediate Military 
Filter Number PCOOl PC002 PC003 Blank 
Diameter Range 

(um) 
.5-2.5 34.8% 26.9% 18.4% NA* 

2.5-5.0 39.2% 51.4% 27.9% 
5.0-7.5 26.0% 21.6% 14.3% 
7.5-10 0.0% 0.0% 39.3% 
>10 0.0% 0.0% 0.0% 
*NA - InsufiBcient particles for a valid statistical analysis 
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The particulate sampling methodology was improved in several ways over past sampling 

campaigns in order to improve the detection limit in the exhaiist stream. EQ and USAF 

personnel reviewed the historic sampling procedures and developed the following improvements: 

°    The sample run times were extended to 2 hours in length. This allowed for a larger sample 
volume and larger particle catch. 

°    A field balance was used to ensure that a positive mass gain on the filter was obtained. This 
allowed the field team to adjust the sample volume in the field as necessary. 

°   A Teflon filter fiit without a gasket was used in the filter housing. This set-up prevented the 
filter firom sticking to the jfrit. 

The improvements made the particulate sampling much more representative of the engine 

emissions. 

The filterable particulate emission results for this engine were higher than the historic 

data set. This is attributed to the improved particle collection during this program. The engine 

also noted a similar emission trend pattern. The filterable emission index was 1.8 lbs/1000 lbs 

fuel at idle, 2.5 lbs/1000 lbs fiiel at intermediate, and 2.9 lbs/1000 lbs fiiel at military. The 

condensable particulate matter was considerably higher than the past program indicated. It was 

noted in the field that the condensable firaction had a heavy yellow discoloration at idle, a murky 

yellow color at intermediate, and a cloudy consistency at military. It appeared that unbumed fiiel 

passed through the engine and into the exhaust stream. The organic fraction of the condensible 

particulate matter was removed from the results. 

5.6.1 Particle Characterization 

During one run at each setting, a particle sample was collected on a silver membrane 

filter for analysis via scanning electron microscopy to coimt the particles in each size range. The 

results of the particle coimts are provided in Table 5-15. The analysis determined that the 

majority of particulate matter (>99%) was below 10 microns m size with >89% of the particles at 

a diameter <2.5 microns. The pore size of the filter was 0.5 micron; therefore, particles less than 

0.5 micron in diameter may have passed through the filter. Additional analysis was performed to 

examine particles less than 0.5 micron by transmission electron microscopy (TEM) and 

elemental analysis of particles less than 10 microns by automated SEM. 
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Three types of material were detected on each of the fihers. One type of material is 

composed of particles, primarily carbon in nature, greater than 0.5 Om. These particles make up 

approximately three-quarters of the larger particles. A second type of material is composed of 

non-carbon particles, primarily containing silicon, greater than 0.5 Om. The third type of 

material is composed of aggregated carbon particles generally smaller than 0.5 Om. The 

particles greater than 0.5 Om in all three samples generally have similar lengths and widths. The 

average aspect ratio (length to width) for the non-carbon particles is 1.8. Many of the particle 

aggregates are consistent with carbon soot. Others appear to be degraded soot aggregates. 

5.7 EXHAUST FLOW DETERMINATION 

The engine exhaust flow was determined using several methods in order to provide an 

opportunity to review data sets and disregard outliers. Carbon balance and F-factor were used to 

determine the exhaust flow rate. The F-Factor methodology provided the most representative 

•exhaust flow data at the idle setting. Carbon balance provided the most representative trend for 

the remaining settings. As shown in Tables 5-3 and 5-5, the flow models provided representative 

data. The engine rake flow at Moody AFB (1 engine) was approximately half of the airflow 

directly behind the T-38C (2 engines) at Randolph. The idle results did not follow this trend. 

The engine's inefficiency tended to provide varying data which impacted the calculations. The 

afterburner flow at the engine rake at Moody AFB (Table 5-3) was calculated to be less than the 

military flow. During testing, the engine developed a malfunction that disabled operation at 

afterburner. Only a single 3-minute sample was collected, which did not allow for triplicate 

measurement. A longer sample time may have provided more representative results. The carbon 

balance and F-Factor flow calcvdation methods provided good correlation. 

5.8 FUEL ANALYSIS 

Fuel samples were collected during the emission test program from the fuel line feeding 

the engine. The fuel was analyzed to determine the presence of select metals and other physical 

parameters. In the sample, small quantities of selenium, zinc, silver, and thallium were present. 

The fuel analysis results are presented in Tables 5-16 and 5-17. 
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TABLE 5-16. JP-8 FUEL ANALYSIS 
Parameter Analytical Method Result 

Btu/lb ASTM D-240 19,300 Btu/lb 
Sulfur % ASTM D-2622 0.0496% 
Carbon % ASTMD-5291 85.52% 
Nitrogen % ASTM 4629 0.0007% 
Hydrogen % ASTM D-5291 14.18% 
Ash % ASTM D482 <0.001% 
Naphthenes % PONA Analysis              ^ 45.6% 
Aromatics % PONA Analysis 23.5% 
Parafins % PONA Analysis 30.4% 
Olefms % PONA Analysis 0.5% 

TABLE 5-17. SUMMARY OF SOURCE TARGET METALS 
FROM JP-8 FUEL ANALYSIS 

Metal 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Phosphorus 
Selenium 
Silver 
Thallium 
Zinc 

' '"lote: A sample anc 

Analytical Method 

6010 
6010 
6010 
6010 
6010 
6010 
6010 
6010 
6010 
6010 
7470 
6010 
365.2 
6010 
6010 
6010 
6010 

Analytical Result (mg/kg) 

<0.05 
<0.063 
<0.025 
<0.0025 
<0.013 
<0.013 
<0.013 

0.025 (MDL = 0.025) 
<0.063 

0.013 (MDL = 0.013) 
<0.0005 

0.038 
1.2 (MDL =0.025) 

0.13 
0.013 
0.075 
0.025 

recorded in the table above. 
duplicate were submitted for analysis. The highest concentration is 
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5.9 ENGINE OPERATION 

During the emission test program, specific engine parameters were monitored to note engine 

performance. Facility persormel were responsible for collecting and maintaining the operating 

data and for operating the engine in a safe manner. A summary of the engine operation is 

provided in Table 5-18. 

TABLE 5-18 
ENGINE OPERATING DATA 

Power Setting 
Fuel Flow 

(Ibs/hr) 
%RPM 

(Average) 
lb/Thrust 
(Average) 

Cell 
Temperature 
(Average F) 

J85-GE-5R (Moody AFB) 

Idle 525 49.5 55 83 

Intermediate 1,045 85.5 808 86 

Military 2,550 99.7 2,521 77 

Afterburner 7,695 99.8 3,450 88 

T-38C with PMP Talon (Randolph AFB) 

Engine 1 2 1 2 

Not Recorded 

Idle 520 520 50 49 

Intermediate 980 1080 85 85 

Military 2,200 2,240 100 100 

Afterburner 7,695 7,695 100 100 
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APPENDIX A 

EXAMPLE CALCULATIONS 
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Environmental Quality Management, Inc. 

EXAMPLE CALCULATIONS FOR POLLUTANT EMISSIONS 

1.   Volume of dry gas sampled corrected to standard conditions, ft^. 
Note: Vm must be corrected for leakage if any leakage rates exceed La. 

Vmstd= 17.647 xVmxY 

2. Volume of water vapor at standard conditions, ft^. 

Vwstd = 0.04707 x Vic 

3. Moisture content in stack gas, dimensionless. 

Vwstd 

Pbar + 
A//' 
13.6 

TM, 'R 

Bws = 
Vwstd+Vmstd 

4. Dry molecular weight of stack gas, Ib/lb-mole. 

Md = 0.44 (% CO2) + 0.32 (% O2) + 0.28 (% N2 + % CO) 

5. Molecular weight of stack gas, Ib/lb-mole. 

Ms = Md(l-Bws) + 18Bws 

6. Stack velocity at stack conditions, f7s. 

VsM85.49,(Cp)(avgVIp)gg 

7. Stack gas volumetric flow rate at stack conditions, cfin. 

Qs = 60 X Vs X As 

8. Dry stack gas volumetric flow rate at standard conditions, cfin. 

Ps 
Qsstd = (17.647) (Qs) I yj (1- Bws) 
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EXAMPLE CALCULATIONS FOR POLLUTANT EMISSIONS (continued) 

9.   Concentration in gr/dscf. 

Cs= (0.01543) 
Mn \ 

. VmstdJ 

10. Pollutant mass emission rate, Ib/h. 

Cs "1 
pmr, lb / hr= [ —— xQsstdx60 

11. Pollutant mass emission rate, Ib/MM Btu. 

pmr, Ib/hr 
pmr, lb/MM Btu= 

MMBtu/hr^ 

12.F-factor(Fd). 

10' (3.64X%H)+ (153X%C)+ (0i7x%s)+ (O.14X%N)- (O.46X%02) 
Fd= ' 7 \  

GCV(Btu/lb) 

13. F-factor, pollutant mass emission rate, Ib/MM Btu (02-based). 

lb/dscfxFx20.9 
(20.9-%02) 

14. Heat input, MM Btu/hr fuel. 

GVC(Btu/ lb) *Feed Rate(lb / hr) 
10' 

15. Heat input, MM Btu/hr, F-factor. 

Qsstd 
Fd 

x[(20.9-%O2)+20.9]x60 
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r-' 

^•i^^J!^J»Environmental Quality Management, Inc. 

NOMENCLATURE AND DIMENSIONS 

An =   Cross-sectional area of sampling nozzle, sq.ft. 

As =   Cross-sectional area of stack, sq.ft. 

Bws       =   Proportion by volume of water vapor in the gas stream, dimensionless 

Cp =   Pitot tube coefficient, dimensionless 

Cs =   Concentration of pollutant matter in stack gas - dry basis, grains per standard 
cubic foot (gr/dscf) 

% CO    =   Percent of carbon monoxide by volume, dry basis 

"/oCOa   =   Percent of carbon dioxide by volume, dry basis 0. 

AH        =   Average pressure drop across the sampling meter flow orifice, inches of water 
(in.H20) 

GCV      =   Gross calorific value, Btu/lb 

I =   Percent of isokinetic sampling 

La =   Maximum acceptable leakage rate for either a pretest leak check or for a leak 
check following a component change; equal to 0.020 cubic foot per minute or 
4% of the average sampling rate, whichever is less 

Md = Dry molecular weight, Ib/lb-mole 

Mn = Total amount of pollutant matter collected, milligrams (mg) 

Ms =   Molecular weight of stack gas (wet basis), Ib/lb-mole 

% N2 = Percent of nitrogen by volume, dry basis 

% O2 = Percent of oxygen by volume, dry basis 

♦P = Velocity head of stack gas, inches of water (in.HiO) 

Pbar = Barometric pressure, inches of mercury (in.Hg) 
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NOMENCLATURE AND DIMENSIONS (continued) 

Ps =   Absolute stack gas pressure, inches of mercury (in.Hg) 

Pstd       =   Gas pressure at standard conditions, inches of mercury (29.92 in.Hg) 

pmr       =   Pollutant matter emission rate, pounds per hour (Ib/h) 

Qs =   Volumetric flow rate - wet basis at stack conditions, actual cubic feet per 
minute (acfin) 

Qsstd     =   Volumetric flow rate - dry basis at standard conditions, dry standard cubic feet 
per minute (dscfin) 

Tm = Average temperature ofdry gas meter, ER 

Ts = Average temperature of stack gas, ER 

Tstd = Temperature at standard conditions, (528ER) 

Vic = Total volume of liquid collected in impingers and siUca gel, ml 

Vm = Volxmieofdrygassampledatmeterconditions, cu. ft. 

Vmstd = Volumeofdrygassampledatstandardconditions, cu. ft. 

Vs = Average stack gas velocity at stack conditions, ft/s 

Vwstd = Volume of water vapor at standard conditions, scf 

Y = Dry gas meter calibration factor, dimensionless 

I = Total sampling time, minutes 

NOTE: Standard condition = 68EF and 29.92 in. Hg 
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CARBON BALANCE H.OW HEHfOO 
1                                                                                        EXAtaPLECALCUUTIONS 

1                                               Oisnt                           MoodyAFB Locatian:  Engine 
Test Run No.- 1 Test Date-     4J2«02 
EngfneType:                T38 
Teat Condition'              Ida 

bipui* 
InlMConc (X&,ppm ca 0 
Inlet Cone CO, ppm C01 0.00 
Met Cona THC, ppni TCI 1.78 
Outlet Cone THC. w«t ppm TCE ira«io7 
Outlet Cone, OB, dry pwcert 020 19.9B?»3 
Oulet Cone (XU. dry pectent C2D 0£*aU7 
Oudet Cane. CO, dry ppm COD 688.5752 
Ou(lstMoi>turB,pafGant BWE 1,5 
Caiton Contant of Fual, wt Imotlon FC 0.SSS2 
Conweraion Conalw*, pereenl^jpm KC1 0.0001 
Commaion Constant ndn/hour KCZ 0.016867 
ConvBraion Constant, dacmAJscf KQM DOZB31 
Mass rate Fuat Bum, t^ MF SSS 
Inlet Moiitum,pan»nt BWI ^s 

CakwMloM 
1                                             Wet Mnlfi WeisM Extiaust, IMbmole MWE> <(28)+{018TaOM0-04X)2O))+(1-(BWEA100))+0.18*BWE 
1 MWE> <(2awo.i6^B4Wo.o4'2ao))*(t-(i jsnoaiho i8*i s 

MWE- 2873766 

1                                          Wet MflIn Walgm Net (AndDwit), ltA>mol« MWI- (2S.84'(1-(BW1/100)))+(0.18'BW1) 
MWI- P>8.84'(1-<1i«00))M018-1S) 
MW1> 28.6774 

Wet Ccne COS in Bduust. w«t % C2E- oairo-iBWE/too)) 
C2E. O.64'(l-{1.»100)) 
C2E- 0.(ni235 

Wet Cbno CO in BchaiHit, wet % C0€» lffi1"CO(r(1-{BWE/100» 
COE- O.0001'699-(1-(1J/I00)) 
COE- 0i)E881 

Weight Fraction Cartxin in Exhnint CE» (C2E4COE+(KC1TCE))*12i)1/MWE/100 
CE> (aB3HO.068»Ht>J»0ne0)ni01/2B 74«00 
CE« 0^03001 

Weight Fraction (>ut)cn in Inlel Cl> KC1'(C2WX»*TCI)M2.01/MW1/100 
Ok o.oooi*(o»o*i .8)-i2.oi/2aeartoo 
Cl. 7,47E-07 

Mass RUs Exhaust, Itytir ME. MP(FCOytCE-CI) 
ME- S2S"(aBSS2-7,SE-O7V(0.003-7.5E-07) 
ME> 149^83 

1                                           Exhaust Wet Standard F)owrBte,wscl/mln OCE,.- ia2lylE-385.3»MWE 
OCE„- 0O16667^49,BSS^535«8,74 
QCE«- 33447.62 

1                                           ExtiBUSt I>y Standard Rowrate, dsdtnin QCEu- flioo-BWEyioorocE,, 
00E«- «100-1SyiOO)-33.448 
QCEw- 82945.81 

Mass Rats Inlet, Uhr Ml> MF*(F&CEWCe-Cl) 
MI- 625*(0,8552-OJ003Vt0.003-75E-07) 
MI • 148133^ 

InletWstStd Vol F)o«,wsci/min QCi„- KC2*MI'3853SMWI 
QCt„- 0.01866ri 49,134-385.35128.68 
QCih,- 33400.2 

IrM Dry Sid. Vbl Flow, dseVmin aciut ((ioo«wiytoo)*Qci„ 
OCIw- {(100-15)rt00r33,400 
QCIM- 328982 
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CARBON BALANCE FLOW METHOD 
*' EXAMPLE CALCULATIONS 

CHent:                          MoodyAF^ Location-   SSpstresm 
Test Run No.: 1 TestDate:     4/24/02 

l/ Er^ne Type:                  T38 
Te^Concfition;                Ids 

Input* 
Inlet Cone. C02, i^pm C2I 0 
Inlet Cone CO.ppm C01 0 
Inlet Cone THC, ppm TCI I.TTWBW 
Outlet Cone THC, wet ppm TCE 41.36188 
Outlet Cone 02, dry percent 02D 20.69613 
Oitfet Cone. C02, diy percent C20 Oi>30523 
Outlet Cone CO, dry ppm COD 212.1769 
Ouflet Moisture, penxmt BWE 1.5 
Caitxm CMitent of Fuel, wt fraction FC 03SS2 

KC1 0.0001 
Conversion Constant, ntinffipur KC2 0.016667 
Conversion Constant, dsem/dscf KQM 0n?fl31 
Mies rede Fuel Bum, ib/hr MF 525 

BWl is 

Caleulafions 
Wet Mole. We^ Exhaust, MXIKM 1 MWE = 

MWEs 
<{2l^+(0.16*O?D)+{0.O4*O2D)H1-{BWE/100))+0-18*BW 
28.70176 

Wet Mole. Weight Inlet (Amtaent), R>/Ibmale MWIB (28.84*{1-(BWI/100)))+(01B*BWI) 
WM = 28.6774 

Wet Ccmc. C02 in Exhaust, wet % C?F= 
C2E= 

C2D*(1-(BWErt00)) 
0^227065 

Wet Cone. CO In Exhaust, wet % COE= 
COE = 

KCfCOD*(1-(BWE/100)) 
0.0S0899 

Wef^ Fraction Cart>on fn Exhaust CE = 
CE = 

(C2E4COE+{KC1*TC^)*12.01/MWB100 
0.001055 

Wel^ Fra^;Hon Carbon in Inlet 
a = 

KCr{C2l+COI+TCI)*1^01/MWl/100 
7.47E-07 

Mass Rate Exhaust, fc/hr 
MEa 

MP(FO^iy(CE-CI) 
425917.3 

Exhaust Wet StandaM Ftowrate. wsctAncn QCE„ = KC2*MP38535yk4WE 
QCE„ = 9S30805 

« Exhaust Dry Standard Howrate, dscfta'm QCE« = {(100-BWE)/100)*QCE„ 
QCE„ = 93878.43 

Mass Rate inlet Mtr m = MP(FC-CE)/{CE-CO 
« Ml = 425392.3 

Inlet Wet Std Vol Row. wscttnin QCii,= 
QCI« = 

KC2*MI*38S.3SA4WI 
9S271.42 

Inlet Dry Sui. Vol. Flow, dscMnin QCIM:: 

QCI„» 
({100-BWiyiO0)*QCIf 
93842.35 

- 
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CARBON BALANCE FLOW METHOD 
EXAMPLE CALCULATIONS 

Qient                     Moody AFB 
Test Run No- 2 
Engine TVpe-            T38 
Test Condmon:         Idle 

inputs 
Inlet Cone. C02, ppm C2I 0.040126 
Inlet Cone. CO, ppm C01 0.00 
Inlet Cone, THC, ppm TCI ■4.72 
OuBot Cone. THC, wat ppm TCE 155.5164 
Ooiist Cone. 02, dry peicent 02D 19.91824 
Outlet Cone. C02, diy percent C2D 0.710671 
Outlet Cone. CO, dry ppm COD 691.9983 
Outlet MolstinB, percem BWE 1.5 
Cari)on Content of Fuel, wt trac(ioF=C 0.8552 
Conversion Constant, percent^ KC1 0.0001 
Comaision Constant, mki/hour KC2 0.016667 
Conversion Constant, dscm/dscf KQM 0.02831 
Mass rate Fuel Bum, b/hr MF S25 
Inlet Moisture, percent BWI 15 

Caictdatlons 
Wet Mole Weight Exhaust, ItVbmole 

Wet Mde Weight Inlet (Ambient), b/BxnolB MWI< 
MWI> 

Wet Cone. C02 In Exhaust, wet % 

Wet Cone. CO in Exhaust, wet % 

Weight Fraction CaiiMn in Exhaust 

Weight Fraction Carlxxi in Inlet 

Mass Rate Exhaust, IVhr 

Exhaust Wet Standard Flowrate, wBCi/Mn    QCEt. 

Exhaust Dry Standard Flowrate, dscf/min 

Mass Rate Inlet, b/hr 

Locafion:  Engine 
TestD^:     4/24/02 

MWE =     {(28H0.16*C2D)4^0.04*O2D))+(1-(BWE/100))+0 18*BV\ 
MWE=       28,74678 

(28.84*(1-(BW1/100)))+(0 1B"BWi) 
28.6774 

C2E = 
C2E = 

C2D'{1-{BWE/100)) 
0700011 

COE° 
COE = 

KC1*COD*(1-{BWE/100)) 
0.068162 

CE = 
CE = 

{C2E+COE+{KC1TCE))*12 01/MWE/100 
0^)03274 

CI = 
Cl- 

KCr(C2l+COI+TCI)M2.01/MWl/100 
-2E-06 

ME = 
ME<= 

MF*(FC-CiV(C&Ci) 
137041.2 

QCE„- KC2*ME*385.35/MWE 
QCE,w = 30617.85 

QCE„ = «10O-BWEyi00)*OCEi» 

QCE„ = 30158.58 

MU 
Mi = 

MP{FC-CEy(CE-CI) 
1365165 

Inlet Wet Std. VoL Ftow, wscfiknin 

Inlet Dry Std Vol. Flow, dsd/mln 

OCi,w= KC2*MI*385.3S/MW1 
QCI„ =      30574.34 

QC1„= {(10O-BWiyi00)*QCIw 
QCIM=       30115.73 
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CARBON BAUU4CE FLOW A9ETH0D 
EXAMPLE CALCULATIONS 

k 

Client                       MoodyAFB Locafion:  Slipstream 
Test Run No.:                         2 Test Date;     4^4/02 
EngiiwType:             T38 
Test Condition:          idle 

Met Cone. C02, ppm                C2I 0.040126 
Inlet Cona CO, ppm                 C01 0.00 
Inlet Cone. THC, ppm                TC1 -4.72 
Dutlst Cone. THC. wet f^xn        TCE 35.56174 
OuBet Cavi. 02, dry percent      02D 20.65843 
Outlet Cone. COZ, dry percent    C2D o.?aofl 
Outlet Cone. CO, dry ppm          COD 1868948 
Outlet Moisture, percent             BWE 1.5 
Carbon Contsnt of Fuel, wt fractio FC O.WiS? 
Conversion Constant, percenter KC1 0.0001 
ConvwBlon Constant, min/hour   KCa 0.016667 
Conversion Constant, dscm/dsef KQM 0.02831 
Mass rate Fuel Bum, b/lir          MF S25 
Inlet Moisture, pencertt               BWI 1.5 

Calculations 
Wet MOlB. Wel^ Exhaust, ttn/lbmole MWE = ((28)+(0.ie*C2D)+(0.O4'O2D))+{1-(BWE/100))+0,18*BVl 

MWE = 28.70033 

Wet M<^. Weight Inlet (Ambient), Ib/lbmc4e MWI = (28.84*(1.(BWI/100))}+(0.t8*BWl) 
MWI = 28.6774 

Wet Cone. CQ2 in Exhaust, wet% C2E = C2D*(1-(BW&1(K))) 
C2E = 022743fi 

Wet Cone. CO in Exhaust, wet % COE = KC1*COD*(HBWB100)) 
COE:» 0.018409 

W^ht FracHcM) Cartxm in Exhaust CEs {C2E+COEHKC1*TCE))*12.01/MWE/100 
CEa 0001044 

Weight Fraction Carbon in Inlet Cl = KC1 ♦{C2I+COI+TCI)*12.01/MW1/100 
01 = -2E-06 

Mass Rate Exhaust. M« MEs MF'CFC-CiyCCE-a) 
ME = 429396.2 

Exhaust Wet Standard fiomalts, wsct^tn QCEi»- KC2*ME*385.35flWVE 
QCE„ = 96091.3 

Exhaust Dry Standard Flowrate, dscVmln QCEM = «100-BWEyi00)'QCEi, 
t QCEM = 94649.93 

Mass Rate Inlet, bAir Mi« MP<FC<;Ey(CE-Cl) 
Ml = 428871.2 

t 
Inlet Wet Std VoL How, wsct/min QCI,w = KC2-MI*385.35flWVI 

QCI,« = 96050.56 

Inlet Dry Std. Vol. Flow, ^O/nitn QCIiaa <(100-BWI)/100)*QCI„ 
QCI„= 94809.8 
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CARBON BALANCE FLOW METHOD 
EXAMPLE CALCUUTtWIS 

Caent 
Test Run No.: 
Engine Type: 
Test Condtion- 

MoodyAFB 
3 

T38 
Ide 

Locatkwi:  Engine 
Test Date-     AIZAKO. 

Inputs 
Inlet Cone. C02, ppm C2I 
Inlet Cone. CO, ppm C01 
Inlet Cooc. THC, ppm TCI 
Outlet Cone. THC, wet ppm TCE 
Outlet Cone. 02, dty percent 02D 
Outlet Cone C02, dry percent C2D 
Outlet CofW. CO, Ay ppm COD 
Outlet MoisturB, percent EWE 
Cartxjn Content of Fuel, wt fraction f=C 
Conversion Constant, peic8nt4}pm KC1 
Conversion Constant, min/tiour KC2 
Conversion Constant, dscm/dsef KQM 
Mass rats l=uel Bum, Mw MF 
Inlet MoisturB, percent BWI 

Calculations 
Wet Mole. Wel^ Extiaust, Ib/Ibmole MWE> 

MWE = 

0.058618 
0.10 

-9.91 
141.55 

19.91144 
0.746357 

688.438 
1,5 

0.8S52 
0.0001 

0.016667 
0.02831 

S25 
1.5 

({28)+<0.ie*C2D)+(0.04*O2D)H1-(BWEA100))+0.18*BV\ 
28.75214 

Wet Mole. Wsigtit Inlet (Ambient), Ib/tbmoie MWI=       (2884*(1-(BWI/100)))+<0.18-BWI) 
MWI = 28.6774 

Wet Cone. C02 In Extiaust, wet % C2E-       C2D*{1-(BWE/100)) 
C2E= 0.735162 

Wet Cone. CO In Exhaust, wet % COE=      KC1*COD*{HBWB100)) 
COE=        0.067811 

Weight I=raction Carbon In Exhaust CE= (C2E+COE+<KC1TCE))*12.01/MWE/100 
CE= 0.003413 

Weight Fractfon Carbon In Inlet Cl= KC1*(C2I+COI+TCI)*12 01/MWI/100 
Cl= -4.1E-06 

Mass Rate Exhaust, bAir ME« 
ME = 

MP(FC-CI)/{CE-CI) 
1313852 

Exhaust Wet Standard Flowrate, wscfAnIn QCE,w=   KC2*ME*3B5.35/MWE 
QCE,,=     29348.73 

Exhaust Dry Standard Flowrate, dscf/Vnln OCEw=    ((100-BWE)/100)*QCEiw 
QCE,d «■       28908 5 

Mass Rate Inlet, ib/hr Ml= MP(FC-CE)/(CE-CI) 
Ml s 130860.2 

Inlet Wet Std. Vol. Flow, wsd/min QCI„=     KC2*Mt*385.35/MWI 
QCI„=      29307.63 

Inlet Dry Std. Vol. Flow, dscfmin QCI,a=     ((100-BWI)/100)*OCI,« 
QCIw=       28868.02 
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CARBON BALANCE FLOW METHOD 
EXAMPLE QUJCULATIONS 

Client                       Moody AFB Location:  SKpstrsam 
Test Run No.! 3 Test Date-     4/2AfOZ 
Engine T^je;            T38 
Test Condition:          Icite 

Inputs 
Inlet Cone. C02. ppm C2I 0.058618 
Inlet Cone. CO, (^m C01 0.099488 
Inlet Cone THC.ppm TCI -9.91333 
Outiet Cone. THC, wet ppm TCE 28.30817 
OutM Cone. 02, dty percent 02D 20.41642 
OuUel Cone. C02, dty percent C2D 0.206798 
Outlet Cone CO, cby ppm COD 166.6191 
Outlet Moisture, peicent BWE 1.5 
Cari>on Content of Fuel, wt ftactioFC 0.8552 
Conversion Constarti, percettf^(»-KC1 oloooi 
Conv»slon Constant. mIrtAiour KC2 0.016667 
Converston Constant, dscm/dscf KQM 0.02831 
Mass rate Fuel Bum, tVhr MF KS 
Inlet Moisture, percent BWi 1.S 

Calculations 
Wet Mole. Weight Exhaust. B)/Qxnole MWEs ({28)+(0.16*C2D)+(0 04*O2D))+{1-(BWB100))+0.18*B\A 

MWE = . 28.68696 

Wet Mole. Wei£^ Inlet (Ambient), lt)/It>mole MWI« (M 84»{1-(BWI/100))W0.18*BWI) 
MWI- 28.6774 

Wet Cone C02 in Exhaust, wet % C^ = C2D*(1-{BVre/100)) 
C2E = 0203696 

Wet Cone. CO In Exhaust, wet% COE = KCrCOD*(1.(BWE/100)) 
COE = 0.016412 

Weight Fiaceon Cartson In Exhaust CE = (C2E+COE+(KC1*TCE))*12.01/MWE/100 
CEs 0.000933 

Weight Fraction Cartxm In Inlet Cl = KCr(C2l+COI+Ta)*12.01flVIWt/100 
Cl = -4.1E-06 

Mass Rate Exhaust, to/tv ME- MP{FC^iy(CE-CI) 
ME=: 478947.6 

Exhaust Wet Standard Rowrate, wscWnIn QCE,.= KC2*ME*385.35/MWE 
QCE,.= 107230 

Exhaust Dry Standard l=lowFats, dsct/tnin QCE,< = ((100-BWEyi00)*QCE,. 
QCEM = 10»li?1.5 

Mass Rate Inlet, Mw Ml:> MP{FO<;EV(CE-CI) 
Ml = 478422.6 

Inlet Wet Std Vol Flow, wscMnin QCI„- KC2*MI'^85.35/MWI 

QCI,.= 1071482 

Inlet Dry Std. Vol. Flow, rtscf/min QCI„ = {(100-BWiyiOO)*QGl„ 
QCI« = 105540.9 
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dam: 
Test Run No.- 
EnghaType:   138 
Tasl Condilion' Wte 

MocoyAFB 

F^ACTOH METHOD 
EXAMPLE CAlCtn.A'nOMS 

loaSixt    Eng^ 
TcaDsner     «24<C2 

IftpUU 
Outtsl Cone TWC, wot ppn^ TCE 
OuM Cone. 02, dry peroom 02D 
Outl« Cona C02, dry porcont C2D 
OulW Cone. CO, d7 ppm COD 
Outlet Moisture, pereen BWE 
Caitoon Cortonto* Fuel vdftacSon FC 
Hydroaan Contort ol Fuel, % ty wt FH 
Sul(urCo.TlantorFu6l, %by wt FS 
Nltragon ComnI of Fud, K by M FN 
Osyson Coneni ol Fuel. % by wl FO 

ConveiBlon ConsUrt, ^tlpfm KC, 
Calc Constant nKn/tiour KC^ 

Mass rate Ftnf Bon, LO'HFt MF 
Inlet MoStwe BWI 

C>lculatlon< 
F FACTOR FOR FUEL, »cHb Fuel 

179.aW7l<3 
1856323387 
O.S4084744S 

2 
«,8SS! 

M.18 

0-0007 
o.2teg 

aOI66SGG67 

S25 
0.6336 

FMD-      (3.64'FHH(153*FC-I00)M0.57-FSM0.1»'FN).(0,<8TO) 
FMO.      (3£4-|«.ie)+(I.S3-0.aSS2-1MW<l-57D.C»96MO1'»'O.C007H0.46"0.219S) 
FMDa t82J9 

EXCESS AIR IN EXHAUST, <lmensionless fracfan EAF-       {O2£Ha00005-COD)V!20*(O2D-(0«!005'COD)» 
6AF.       (2OXK0.0000S-6»8iyt2D.a<2O.0-(a0D005'6S9))) 
B>F= soil 

STOIOHIOMETRIC AIR REQUIRED. S(*mln QS = 
OS. 

HF-FMD-KC, 
E2S'1S2,39-a0ie6e7 

1,SSS 

EXHAUST DRV STANDARD FLOWRATE,a«<a/m)n QFE,-     OS*(1+EAF) 
QF£.»      1,SS6t1»S«.51) 
OFE,. M,326 

EXHAUST WET STANDARD FLOWHATE.»sclMlin OWE.-    OFE,/(1-BVVE,'10O) 
owe,.    34a25/('-»"») 
OWE,. 3&026 

NITBOQBN IN EXHAUST, % dr/ b NO. 10<HlKD*C2D+(CODTa;,MTCE1«:,-(1-(BWE/I0O)))) 
ND.        10<H20iW!.8l*(e89"0.00OI|*(18O-O.0OOf(1-(2/10O)») 
KD. 7SJII 

INLET DRY STANDARD V0aJMETHICa0W,dsc4'/tiin        QF1,= 
QF^. 
QFl,. 

QfE,-(|ND^iOO>T1-<M.a?1 DO))) 
34ja6'((7931/10(W-{2tia'1«>))) 

34.416 

IMET WET STANDARD VOLUMETRIC FLOW, mWmIn      QWl,. 
QWI,:. 
0W1,> 

QFVtl-SWl'tOO) 
34.4ia!t-O£33S71D0) 

34,e3E 
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CMM 
Tad nun N& 
Bittimlyjm       738 
JtACanaSat     kite 

Moody M=B 

OuMCeie.'mC minim 
OulM Ciioc. 02, ^ peicerl 
OuM Cone coe. dqr pmant 
OuMtCom CCtty iipffl 
OuMMolstiifi^lwinit 
Cation Ccrtm ol FuX, wttaDon 
HyttogM OoMtnl 01FM % ly <M 
Siiur ConltM ot FtiA K by «t 
Mngan Conwt 01FM. % by iM 
OxygonOMirtorFiual. %by«i 

Conwokn ComlanL 1i4vm 
Caio. Comwi mlMiour 

Man nt« Fuel aum. IBM) 
InMMoMun 

FrACTDRIiErHOO 
EXAMPLE eALCUUmONS 

TCE 
COO 
C20 
COO 
BWE 
FC 
FH 
FB 
B» 
FO 

KC, 

»^ 
kF 
BWI 

UxafoR    sepstnom 
TettDatoc     «24J«e 

2MSS130S1 
(l230S2<ll4a 
£12.17(8692 

2 

M.» 
OIMH 
1)10007 
it2ig» 

(X0001 

(L016S68687 

F FACTOfi FOB FUa, •€» Fuel 

EXCESS AIR m EXHAUST, 

STOICHOIiCTRIC AIR REQUVEO, acMrtn 

EXHAUST Dirr STAMIAm) FLOWRATE. <ta«nin 

EXHAUST WET STANOABD FIOWRATE, wwttnin 

NimOQEN N EXWUSnr, % l»y ll«)> 

•4£TDRVSTAI«ABDWXi«IEmCFU>W.ltoc»r*l 

IM£TWET8TA^EMFa}VOUJMETFK:FU3W,•M«Mn 

FMD- 
FMD< 

EAF« 
EAF» 

03. 

1KJ8 

(QziHB.oooos-coo»((so*<oaHP«ioos-coD») 
«M6 

MTFMDKC, 

1«8» 

aFE,>     OSnl«EAF) 
OFE,. 1«kS1S 

awE,> 

NDa 

NO- 

CFI,> 

OFl,. 

OWI,- 

owi,- 

aFE,i(i-awE/ii») 

i«Hoa»cai>.«!OOKC,wrcETa:,-<i-<BWBioo))» 
TSJDS 

iaii4n 

aFV(t-6wviae) 
158,402 
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F-FACTOR METHOD 
EXAUPLE CALCULATIOrS 

CCafiC 
TaM Run No. 
Engine T/jje:     T38 
Tost CondltiDn-   Idia 

Moody AFB Locatorc   Engin* 
T«t Data.'     «2«Q2 

IniiiM* 
Outlet Cone THO. wM ppm TCE 
OulKK Cone 02, <Jiy percent 02D 
OuCMConc C02.<liypanMnt C2D 
OuHa Cone. CO, dry ppm COO 
OuHelMoiaum.pafCMil BWE 
CariMn Content of Fusl. wt tacdon FC 
Hydrogen Content of Fuel, % by Ht FH 
Sulfur Content oi Fuel, %tiywt FS 
Nitrogen Content of Fuel, %liywt FN 
Oxys<n Content of Fuel, % by wi FO 

155.516* 
19.91 B24 
0.n067I 
691.9983 

2 
0..SSS2 

14.18 
0.0498 
0.0007 
0.2199 

ConvBfilon Constsm, VJppm 
Gale Oonolont n*Vho(ir 

KC, 

KC 
0.0001 

0.01es67 

Mssa rate Finl Gum, L8/HR 
InMMolstua 

MF 
BWI 

825 
aS33S 

CaloilaHone 
F FACTOR FOR FUEL ec*») Fuel FMD< 

FMO' 
(i64*FH)+(1 M'FC-IOOHO.STFSWO.M-FNHO'W'FO) 

18^39 

EXCESS AIR IN EXHAUST, dmenskxiees tiadion EAF = 
EAF = 

(OeD-(O.OOOO5^XX>)y[20»<O!O-(O.OOOOS'COO))) 
19.58 

STOICHIOMETHC AIR REOURED, acfMn OS- 
QS> 

MF-FMO-KC, 
1,C9« 

EXHAUST DRY STAND/WD FLOWRATE. ilectWn OFEf 
QFE,. 

QS-(1+EAFJ 
32^17 

EXHAUST WET STANDARD FLOVTOATE, \rwcBmln OWE,- 
OWE,. 

QFE^I-BWBflX) 
33,487 

NimOGEN IN EXHAUST, % dry t KD- 
N0« 

100^O^DtC^IMCOD^<C,WTCE•KC,•(l-(BWEAID0»)) 
79.29 

INLET DRY STANDARD VQLUI«KTRI0FU3W,d»C#Wn     QFI, •       QFE,*({l>HyiOOyt1-(20.W10a))) 
OR,. 

WLET WET STANDARD VOLUMETRIC aow.iracttnin   OWI, •     OFI/(1-BW10O) 
OWl,« 33,104 
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P^ACrOR METHOD 
EXAMH^ CALCULATIOHS 

Giant: MooOyAFB 
Taol Ran No.- 2 
EnsJneTyj*: 138 
TaaCmMon.- M* 

kipuls 
OuM Cof« THC wM ppm 
OuMGonc OE,(liyps«nt 
OulM Cone. CCe. diy )WR!«( 
OulM Cone, ca diy |:|iRi 
Oiite»tMAim,pBnm« 
Cvtm Cenunt of Fuel, Ht iaeton 
Hydngm ConlM of Fiai, % by wt 
Suliur Contant of Fud, % by M 
NUrDgen ConlMt DT Fial, % by wl 
Oxyggn ConlBaol Fu^ % by wt 

CcrwMSlon Consan, %4ipai 
Cole CanMM ndMiour 

Man m* Fuel Bum, LBHR 
InMIMMun 

TaslOalK     ^a«S 

TCE 
02D 
C20 
COO 
EWE 
FC 
FH 
FS 
m 
FO 

KC, 
KC, 

MF 
BWI 

F FACTOR FOR FUa. tcVlb Pud 

Excess AIR IN BOWUSr, dmanskmlcatooton 

STOICHIOMETTVC AIR REQUIRED, acMiki 

EXHAUST DRY STANDARD FUWVRATE, dSGtMn 

EXHAUST WET STANDARD aoWRATt nwettrtn 

NrmOQEN IN EXHAUST, % diy beati 

INLET DRY SrANOAROVOUIMETmC FLOW.dMiMn 

IM£T WET STA^BMH} VOUUtCmC nXMI, wdMn 

35.SS17SS1 
£0£S843» 

FMD. 
FWO> 

E/*= 
EAF- 

QFE,. 
OFE,> 

OWE,- 
QWE,» 

N0> 
ttOta 

QFI,. 
QFI,. 

OWI,- 
awi,> 

s 
O.B552 

14.1B 
00486 
aooo7 
021 as 

aoooi 
0.01688887 

{is^FHW* 5rFC*ioowasrFSHOi*w(HO.«T=c» 
1SZJ8 

(aeD.(ixoaoo5-coo)vi20»«>2D.(0.oaoos^»p)9 
S2J0 

liff*FMD"KC, 
1,986 

0S-(1+EAF) 
132,832 

QFE^^WBIOO) 
1S6,B4S 

10(MOSDrfaOt{COD*KG,MTCET«C'(1-(BWEn00)))) 
78.09 

QFE,*<p«w oeMi-<»WOO))) 
182,912 

QFVtl-BVWlOO) 
133,780 
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F-FACTOR HCTHOD 
EXAMPLB CALCULATIONS 

CSant MoodyAFB 
ToslRiriNo.- 3 
Engine Typr      T38 
TestCondton;   Idia 

Inputs 
OuHaConc IWC.mwtppni TCE 
Oiill«tCoiK.02,diypefo«rt Q2D 
OutM Cone 002, diy ptrowv C2D 
OuUet Cone. CO, diy ppm COO 
OUIelMoistunt.psmnt BWE 
C«ibonCcrtantofFud,wttocSon FC 
Hy(lniBenC<!nttntofFin*.%b)rwt R< 
Sulfur Conisnt of Fuel, % by iM FS 
NlliogenConi*mofFuei.%bywt FN 
Oxygen Conl«filolFu»l,% by «l FO 

Conusnlon Coistanl, %/pfim KC, 

Calc Contort mlnftwur KC: 

MMS tale Fuel Bum. IJEWR UF 
mialMoistura BWI 

Cslculstlont 
F FACTOR FOR FU61, «!* Fuol 

Locatiai:      EngkM 
TMIDair        *K*m 

EXCESS AIR IN EXHAUST, OBiTi«»iorla«s fiMdon 

SrOICHIOMETRlC AIR REQUIRED, sciMn 

EXHAUST DRy STANDARD FLOWRATE. UKftnln 

EXHAUST WET STANDARD FUSWFIATE, mscWnin 

NfTROaSN IN EXHAUST, % diy b«is 

FMO> 
FMD> 

EAF- 
EAFo 

05. 
OS- 

QFE,- 
OFE,- 

OWE,. 
OWE,- 

ND> 
NO. 

IftET DRY STANDARD VOLUMETTBC FLOW, dsciWn       OFl, . 
OR,- 

INLET WET STANDARD VOLUMETRIC KCW, norf/Wn      OWI, - 
QW1,= 

Ml 35 
i»aii« 
a74S3S7 
BSa438 

2 
o,as5z 

14.18 
0.0496 
a0007 
0219* 

aoooi 
0018667 

S2S 
0.633S 

JSA<'FHW1 S3'FC100MO-5rFSH!>14'PNH0.4e'FO) 
1S2.3S 

{O2CMDJ000SnXIO)y!20.HO2D^0.0000S-CO0))) 
19.43 

MF*FMD*KC, 
1,598 

QS*(1<EAF) 
32«B 

QFEi^l-BWErtOO) 
33,270 

10(HO2DtC2Of<COD'KC,MTCET<C,'(1 (BWErt 00)))) 
7a26 

QFE,-((NnrtOOy(1-<20.9M(»l)) 
32,671 

OFV(I-BWWOO) 

«.879 
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F-FACTORttemOD 
EXAMPLE CAICULATUNS 

Clanl: 
TtMRunNo.- 
EnglmType: 
TestCondtoic 

Moody AFB 
3 

TS8 
Ida 

OutMCano/mCwatpiiin TCE 
OuMCone. 02,<liyp*ii«il 02D 
OullalC0ReCXl2,(i>ypi<««nl C20 
OUMConcCO.diynm 000 
OuMMohtura.piiainl BWE 
CotunContHtoM^MI.iitindlon FC 
HyilragenConte(ilafFugl,%tyM FH 
SuliiirCanl«ntoini^«by«t PS 
Nilnig«iCDimntorHKl,%tvw) FN 
Oiqrg<nCoMcMo(Fial,%liy«M FO 

tocaticin:   aip<t«a»n 
Teal DUE      4/2M2 

2S3»1Ge67 
20.41S41SS7 

2 
oesss 
14.18 

00496 
(10007 
02189 

Coiweralon Conatant, %t)pin 
Calc. Conatant MrVlmr 

Mtas ntB Fud Bum, tBfHR 
IfMMoistur* 

KC, 
KC, 

MF 
BWI 

F FACTtJR FOn FUO. «c«j FuH 

EXCESS MR m ESOMUSr, 

SrotCHIOMErHC AIR REOURB}. sctMn 

EXHAUST DRYSTANOARO FLOWRATE, dadMn 

EXHAUST WET 8TAN0AR0 FUnmATE. inctMn 

MTROGB) IN EXHAUST,« Ory huis 

itOET ORV STANDARD VOLUMETRIC FLOW, dMiMn 

miET WET STAKMRO VOLUMEmiC FLOW, «actMn 

oixxn 

Si5 

ami 

FMo = (ie«-FHwt.s3T0^ (iowo.srFSWo. u-fVHS>Mrr0) 
FMO> lazss 

EAF. (Q2D^J0aOtlS>Ca})y(20»<O2O^.a00O5<COO)}) 
EAF. 41.40 

Q8> 
QS> 

QFE|= 
OFE,> 

OWE,. 
OWE,. 

NO- 
NO. 

on,. 
QFI,- 

HF-FMD*K(^ 
1,5M 

0S*(1tEAF) 
67,6B8 

QFE,/tl-eWErtO(« 

igO-{020fC204<COOtCCi)t{TCE'KO,'(1-(BWEnOO)))) 
7S.36 

aFE,'«Mytoovii-(2o.ano(9)) 
67,880 

OWI,«     QFV{1-BWV100) 
QWI,> 
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Summary of Stack Gas Parameters and Test Results 
030197.0002.5 

Moody AFB - Valdosta, Georgia 
US EPA Test Method S - Particulate Matter 

Slipstream - T38 Idle 
Page 1 of 2 

RUN NUMBER 
RUN DATE 
RUNTIME 

M5-ID-1 MS-ID-2 MS-ID-3      MS-ID-Comp 
04/24/2002     04/24/2002     04/24/2002     0404^02     Average 
07S1-10S2      1110-1413      14SS-17S7      0rS1-1SS3 

MEASURED DATA 

y 
p»- 

Vm 
Dp'« 

DH 

T„ 

T. 

V,c 

O2 

N2 

As 
Q 
D„ 

An 
Vm(*<l) 

P. 
B,» 

Bin(ul) 

1-B« 
Mtf 
M, 
V. 

A 
Q« 
Q. 
Q, 

I 

Stack Static Pressure, inches HjO 

Meter Box Correction Factor 

Barometric Pressure, inches Hg 
Sample Volume, ft' 

Average Square Root Dp, (in. HzO)"^ 

Avg Meter Orifice Pressure, in. HjO 

Average Meter Temperature, °F 

Average Stack Temperature, "F 

Condensate Collected, ml 

Cart)on Dioxide content, % by volume 

Oxygen content, % by volume 

Nitrogen content, % by volume 

Pilot Tube Coeffidenf 
Orcular Stack? 1=Y,0=N: 
Diameter or Dimensiorts, iriches: 
Sample Run Duration, minutes 
Ivtozzle Diameter, inches 

CALCULATED DATA 

Nozzle Area, ff 
Standard Meter Volume, ft" 
Standard Meter Volume, m" 

Average Sampling Rate, dscfm 
Stack Pressure, inches Hg 
Moisture, % by volume 
Moisture (at saturatton), % by volume 
Standard Water Vapor Volunw, ff 

Dry Mole Fraction 
Molecular Weight (d.b.), b/lbnnole 
Molecular Weight (w.b.), Ib/lbmiole 
Stack Gas Velocity, Ws 

Stack Area, ft^ 
Stack Gas Volumetric flow, acfm 
Stack Gas Volumetric flow, dscfm 
Stack Gas Volumetric flow, dscmm 

Isokinetic Sampling Ratio, %  

0.00 0.00 0.00 0.00 

1.001 1.001 1.001 1.021 

30.70 30.70 30.70 30.70 

114.002 131.350 134.675 308.945 

0.0190 0.0224 0.0224 0.0212 

1.23 1.69 1.70 0.95 

77 91 101 89 

130 148 150 139 

36.5 35.5 38.1 95.1 

0.0 0.0 0.0 • 0.0 

21.0 21.0 21.0 21.0 

79.0 79.0 79.0 79.0 

0.84 0.84 0.84 0.84 

0 0 0 0 
576.00 576.00 576.00 576.00 

180 180 180 540 
1.370 1.370 1.370 1.230 

0.010236 
115.422 

3.268 
0.641 
30.70 

1.5 
14.7 

1.718 
0.985 
28.84 
28.68 

1.1 

4.0 
268 

118,704 
3,361 
103.4 

0.010236 
129.749 

3.674 
0.721 
30.70 

1.3 
23.4 

1.671 
0.987 
28.84 
28.70 

1.3 

4.0 
321 

118,704 
3,361 

99.9 

0.010236 
130.665 

3.700 
0.726 
30.70 

1.4 
24.6 

1.793 
0.986 
28.84 
28.69 

1.3 

4.0 
321 

118,704 
3,361 
100.8 

0.008251 
311.859 

8.831 
0.578 
30.70 

1.4 
18.6 

4.476 
0.986 
28.84 
28.69 

1.3 

4.0 
301 

118,704 
3,361 

104.3 

0.00 
1.006 

30.70 

172.243 

0.0213 

1.39 

90 

142 

51.3 

0.0 

21.0 

79.0 

0.84 

576.00 
270 

1.335 

0.009740 
171.924 

4.868 
0.666 
30.70 

1.4 
20.3 

2.415 
0.986 
28.84 
28.69 

1.3 

4.00 
303 

118.704 
3,361 
102.1 
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Summary of Stack Gas Parameters and Test Results 
030197.0002.5 

Moody AFB - Valdosta, Georgia 
US EPA Test Method 5 - Particulate Matter 

Slipstream-TSS Idle 
Page2of2 

RUN NUMBER MS-ID-1 M54D-2 MS-ID-3 MS-IO-Comp 
RUNDATE 04/24/2Q<a 04/24/2002 04/24/20<a 04/24ffa)(a Average 
RUNTIME 0751-1052 1110-1413 1455-1757 ff^l-1^3 

EMISSIONS DATA 

partfeuWo Matter 
PM Fnter Weight Gain, mg 4.7 2.35 4.45 8.2 
PM Beaker Weight Gain, mg 7.1 4.75 6 6.3 
PM Total Catch, g 0.0118 0.0071 0.0105 0.0145 0.0110 
Cm, Concentration, gi/dscf 1S8E-03 8.44E-04 1J9E-03 7.18E-04 1.09E-03 
CpM Concentrafion, lli/dsef 2.25H-07 1.21 E-07 1.76E-07 1.03E-07 136E^ 

EPM Emission IMe, IbAir 1.61 E+00 8.59E-01 1.26E+00 7.30E-01 1.11E+00 
EpM Emission Rate, lb/1000 lb Fuel 

Condensibte Matter 
3.06E-I-00 1.64E+00 2.39E-t«0 1.39E4^00 2.12E+00 

PM Organte Gain, mg 
PM Aqueous Gain, mg 23.6 19.5 18.4 49.9 
PM Total Catch, g 0.0236 0.01% 0.0184 0.0499 0.0279 
CpM Concentration, gr/dscf 3.16E-03 2^E-03 2.17E-03 2^7E-03 2.53E-<» 
CpM Concentration, Ib/dscf 4^1E-07 3.31 E-07 3.10E-07 333E-07 3.61E-07 
EPM Emission Rate, ib/hr ZSnE^W 2.36E+00 2J21E4O0 2.51E-f00 2J57E+00 
EPM Emission Rate, ibMOOO lb Fuel 

Total Particulate Matter 
6.12E-MX> 4.49E+00 4J21E+00 4.79E44>0 4.90E-mo 

PM Total Catch, g 3.54E-02 2.66E-02 2.89E-02 6.44E-02 3.88E-02 
CpH Concentration, gi/dscf 4.73E-03 3.16E-03 3.41E-03 3.19E03 3.62E-03 
Cm Concentration, Ib/dscf 6.76E-07 4.S2E-07 4,87E-07 4.55E-07 5.18E-07 
EPH Emission Rate, IbAir 4.82E4«0 3.22E+00 3.47E+00 3.24E4«0 3.69E«^00 
EPM Emission Rate, IbHOOO lb Fuel d.17E+00 6.13E-I40 6.60E+00 6.18E+00 7J»E+00 

F Fuel Rcw, to/hr 525.000 525.000 525.000 525.000 
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Summary of Stack Gas Parameters and Test Results 
030197.0002.5 

Moody AFB - Valdosta, Georgia 
US EPA Test Method 5 - Particulate Matter 

Slipstream - T38 Intermediate 
Page 1 of 2 

RUN NUMBER 
RUN DATE 
RUNTIME 

M5-INT-1       MS-INT-2       M5-INT-3     MS-INT-Comp 
04/2S/2002     04/25/2002    04/2S/2002      04/^/2002       Avenge 
0830-1030      110S-12OS      1230-1430        0830-1434 

MEASURED DATA 

r«iallc 

y 
Pb«f 

v,„ 
Dp'« 

DH 

Tm 

T. 

Vte 

COz 

Oz 

Hz 

As 
Q 
D„ 

An 

Vm(«d) 

Vm(s«) 

Qm 

P. 
Bw. 

Biia(sat) 

1-B« 
Md 

M, 
V, 
A 
Q. 
Q. 
Q» 

Stadc Static Pressure, Inches HjO O.OO 0.00 0.00 0.00 0.00 
Meter Box Correction Factor 1.001 1.001 1.001 1.021 1.006 
Barometric Prsssure, inches Hg 30.70 30.70 30.70 30.70 30.70 
Sample Volume, «• 118.244 56.792 120.297 347.322 160.664 

Average Square Root Dp, (in. H2O)'* 0.1000 0.1000 0.1000 0.1000 0.1000 
Avg Meter Orifice Pressure, in. HjO 3.10 3.10 3.10 2.90 3.05 
Average Meter Temperature, "F 88 97 102 101 97 
Average Stack Temperature, °F 121 126 130 125 126 
Condensate Collected, ml 54.5 21.9 41.3 131.5 62.3 
CartKNi Dioxide content, % by volume 0.0 0.0 0.0 0.0 0.0 
Oxygen content, % by volume 21.0 21.0 21.0 21.0 21.0 
Nitrogen content, % by volume 79.0 79.0 79.0 79.0 79.0 
Pilot Tube Coefficient 0.84 0.84 0.84 0.84 0.84 
Circular Stack? 1=Y,0=N: 0 0 0 0 
Diameter or Dimensions, inches: 576.00 576.00 576.00 576.00 576.00 
Sample Run Duration, minutes 120 60 120 360 165 
Nozzle Diameter, inches 0.750 0.750 0.750 0.745 0.749 

CALCULATED DATA 

Nozzle Area, r 0.003068 0.003068 0.003068 0.003027 0.003058 
Standard Meter Vdume,r 117.837 55.682 116.897 344.698 158.778 
Standard Meter Volume, m" 3.337 1.577 3.310 9.761 4.496 
Average Sampling Rate, dscfm 0.982 0.928 0.974 0.957 0.960 
Stack Pressure, inches Hg 30.70 30.70 30.70 30.70 30.70 
Moisture, % by volume 2.1 1.8 1.6 1.8 1.8 
Moisture {at saturation), % by volume 11.5 13.2 14.7 12.9 13.1 
Standard Water Vapor Volume, fr* 2.565 1.031 1.944 6.190 2.932 
Dry Mole Fraction 0.979 0.982 0.984 0.982 0.982 
Molecular Weight (d.b.),lb/lbnnole 26.84 28.84 28.84 28.84 28.84 
Molecular Weight (w.b.),lh/ibnnole 28.61 28.64 28.66 28.65 28.64 
Stack Gas Vekx%, ft/s 5.8 5.9 5.9 5.9 5.9 
Stack Area, ft* 4.0 4.0 4.0 4.0 4.00 
Stack Gas Volumetric flow, acfm 1,402 1,407 1.411 1,406 1,406 
Stack Gas Volumetric flow, dscfm 293,150 293.150 293,150 293,150 293,150 
Stack Gas Volumetric flow, dscmm 8,301 8,301 8,301 8,301 8,301 
Isokinetic Sampling Ratio, % 100.1 94.8 99.7 99.0 98.4 
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Summary of Stack Gas Parameters and Test Results 
030197.0002.5 

Moody AFB - Valdosta, Georgia 
US EPA Test Method 5 - Particulate Matter 

Slipstream - T38 Intemiediate 
Page 2 of 2 

RUN NUMBER M5-INT-1        M5-INT-2 M5-INT-3 MS-INT-Comp 
RUN DATE 04asaOQ2     04aS/2002 04/25/2002 04as/Z002 Average 
RUNTIME 0830-1030      1105-1205 1230-1430 0830-1434 

■ EMISSIONS DATA 

Particulate Matter 
PM Filter Weight Gain, mg 2.75                0.35 2.2 5.25 
PM Beaker Weight Gain, mg 8                4.25 7.2 6.25 
PM Total Catch, g 0.0108            0.0046 0.0094 0.0115 0.0091 
CPM Concentration, gr/dscf 1.41E-03         1.27E-03 1i4E-03 5.15E-04 1.11E-03 
CpM Concentration, Ib/dscf 2.01 E-07         1.82E-07 1.77E-07 7.36E-08 1.59E-07 
EpM Emission Rate, ib/hr 3.54E-f00        3.20E-«-00 3.12E+00 1.29E4-00 2.79E+00 
EPM Emission Rate, lb/1000 lb fuel 

Condensible Matter 
3.39E-I-00        3.07E-I-00 2.98E+00 1J24E-I-00 2.67E+00 

PM Organic Gain, mg 
PM Aqueous Gain, mg 23.7                20.9 31.3 66.5 
PM Total Catch, g 0.0237             0.0209 0.0313 0.0665 0.0356 
CpM Concentration, gr/dscf 3.10E-O3        S.79E-03 4.13E-03 2.98E-03 4.00E-03 
Cpu Concentration, Ib/dscf 4.43E-07         8.27E-07 5.90E-07 4.2SE-07 5.72E-07 
EPM Emission Rate, Ib/hr 7.80E+00        1.46E4-01 1.04E+01 7.48E-I-00 1.01E+01 
EPM Emission Rate, lh/1000 lb fuel 

Total Particulate Matter 
7.46E+00        1.39E-I-01 9.94E+00 7.16E+00 9.62E+00 

PM Total Catch, g 3.45E-02         2.55E-02 4.07E-02 7.80E-02 4.47E-02 
CPH Concentration, gr/dscf 4.51 E-03         7.07E-03 5.37E-03 3.49E-03 5.11 E-03 
CpM Concentration, Ib/dscf 6>t5E-07         1.01E-06 7.68E-07 4.99E-07 7J0E-07 
Ep„ Emission Rate, Ib^r 1.13E+01         1.78E+01 1.35E-t-01 8.77E+00 1^8E+01 
EPH Emission Rate, lb/1000 lb fuel 1.08E+01         1.70E+01 1.29E+01 8.40E+00 1J23E+01 

F Fuel Flow, Ib/hr 1045                1045 1045 1045 1 
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Summary of Stack Gas Parameters and Test Results 
030197.0002.5 

Moody AFB - Valdosta, Georgia 
US EPA Test Method 5 - Paniculate Matter 

Slipstream - T36 Military 
Page 1 of 2 

RUN NUMBER 
RUN DATE 
RUN TIME 

MS-MIL-1       M5-MIL-2       MS-MIL-3     US4»IL-Comp 
04/26/2002     04/26/2002     04/26/2002       04/26/2002 
O7S3-100B      1033-11S9      1222-1450       07S3-1450 

Avenge 

1/2 

y 
Pbw 

v„ 
Dp 

DH 
T„ 

T. 
Vte 

CO2 

MEASURED DATA 

Stack Static Pressure, Incties H20 

Meter Box Correction Factor 

Barometric Pressure, incties Hg 

Sample Volume, ft' 

Average Square Root Dp, (in. H2O)'" 

Avg Meter Orifice Pressure, in. HjO 

Average Meter Temperature, °F 

Average Stack Temperature, °F 

Condensate Collected, ml 

Cartjon Dioxide content, % by volume 

Oxygen content, % t>y volume 

Nitrogen content, % by volume 

PHot Tube Coeffteient 

0.00 0.00 0.00 0.00 
1.001 1.001 1.001 1.021 
30.72 30.72 30.72 30.72 

82.937 52.751 63.251 234.937 

0.2236 0.2236 0.2236 0.2236 

1.50 1.50 1.50 1.50 

74 81 87 83 

130 138 142 137 

15.9 8.1 20.5 61.2 

0.0 0.0 0.0 0.0 

21.0 21.0 21.0 21.0 

79.0 79.0 79.0 79.0 

0.84 0.84 0.84 0.84 
0 

576.00 
120 

0 
576.00 

80 

0 
576.00 

90 

0 
576.00 

330 
0.420 0.420 0.420 0.430 

0.00 

1.006 

30.72 

108.469 

0.2236 

1.50 

81 

137 

26.4 

0.0 

21.0 

79.0 

0.84 
Circular Sta(*?1=Y,0=N: 0 0 0 0 

As Diameter or Dimensions, inches: 576.00 576.00 576.00 576.00 576.00 
Q Sample Run Duration, minutes 120 80 90 330 155 
D„ Nozzle Diameter, Inches 

CALCUUTED DATA 

0.420 0.420 0.420 0.430 0.423 

A„ Nozzle Area, ff 0.000962 0.000962 0.000962 0.001008 0.000974 
VmfMd) Standard Meter Volume, fr* 84.551 53.082 62.949 240.245 110.207 
VnK»M) Standard Meter Volume, m" 2.394 1.503 1.783 6.803 3.121 

On, Average Sampling Rate, dscfm 0.705 0.664 0.699 0.728 0.699 
P. Stack Pressure, Inches Hg 30.72 30.72 30.72 30.72 30.72 
B« Moisture, % by volume 0.9 0.7 1.5 1.2 1.1 

Bwi<«ai) Moisture (at saturation), % by volume 14.7 18.1 20.1 17.7 17.7 
V«w Standanj Water Vapor Volume, ft" 0.748 0.381 0.965 2.881 1.244 
1-Bw. Dry Mole Fraction 0.991 0.993 0.985 0.988 0.989 

Md Molecular Weight (d.b.), Ibflbnnole 28.84 28.84 28.84 28.84 28.84 
M. Molecular Weight (w.b.), lb/lb«mole 28.74 28.76 28.68 28.71 28.72 
V. Stack Gas Velocity, ft/s 13.1 13.2 13.3 13.2 13.2 

A Stack Area, ft* 4.0 4.0 4.0 4.0 4.00 
Q. Stack Gas Volumetric flow, acfm 3,150 3,170 3,186 3,170 3,169 
Q. Stack Gas Volumetric flow, dscfm 544,313 544,313 544,313 544,313 544,313 
Q. Stack Gas Volumetric flow, dscmm 15.413 15,413 15,413 15,413 15,413 

1 Isokinetic Sampling Ratio, % 102.2 96.7 103.0 101.6 100.9 
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Summary of Stack Gas Parameters and Test Results 

030197.0002.5 

Moody AFB - Valdosta, Georgia 

US EPA Test Method 5 - Particulafe Matter 

Slipstream-T38 Military 

Page 2 of 2 

RUN NUMBER MS-MIL-1 MS-MIL-2 MS-MIL-3 M5-MIL-Comp 
RUNDATE 0406/2002 04/26/2002 04/SS/2(Ha 04/26/2002 Average 
RUNTIME 07S3-100B 1033-1159 1222-1450 07S3-14S0 

EMISSIONS DATA 

Partlculate Matter 

PM RIter Weight Gain, mg 3.45 1.05 2.6 8.65 
PM Beaker Weight Gain, mg 7.25 5.7 4.55 6.6 
PM Total Catch, g 0.0107 0.0068 0.0072 0.0153 0.0100 

C|>» Concentration, gr/dscf 1.95E-03 1.96E-03 1.75E-03 9.80E-04 1.66E-03 

Cp« Concentration, it>/dscf 2.79E-07 2.80E-O7 2.50E-07 1.40E-07 2J7E-07 

EPM Emission Rate, Ifa/hr 9.11 E+OO 9.16E-f00 S.18E+00 4.57E+00 7.75E+00 

EPM Emission Rate, ii>/1000 lb fuel 

Condensible Matter 

3.b7b+00 3.S9E-f00 3J21E+00 1.79E4^00 3.04E+00 

PM Organic Gain, mg 
PM Aqueous Gain, mg 7.4 0 0 20.3 
PM Total Catch, g 0.0074 0.0000 0.0000 0.0203 0.0069 

CpH Concentration, gr/dscf 1.35E-03 O.OOE-i-00 O.OOE+00 1.30E-03 6.64E-04 

Cpu Concentration, Ib/dscf 1.93E-07 O.OOE-f0O O.OOE+00 1.86E-07 9.48E-08 

EpM Emission Rate, Ib/hr 6.30E+00 O.OOE-fOO O.OOE-1^00 6.08E+00 3.IOE1.OO 

EpM Emission Rate, lbi/1000 lb fuel 

Total Parti(?ulat9 Matter 

2.47E+00 O.OOE-i-00 0.00E4-00 2.39E4^00 1.21 E+00 

PM Total Catch, g 1.81E-02 6.75E-03 7.15E-03 3.56E-02 1.69E-02 

CpM Concentration, gr/dscf 3.30E-03 1.96E-03 1.75E-03 7.2AE-03 2^3E-03 

CpM Concentration, ll>/dscf 4.72E-07 2.80E-07 2.S0E-07 3.26E-07 3.32F-07 

EpM Emission Rate, Ib/hr 1.54E+01 9.16E+00 8.18E-M)0 1.07b4.01 1.09E+01 

EpM Emission Rate, lb/1000 lb fuel 6.04E:f00 3.59E+00 3.21 E+00 4.18E-t-00 4.25E4-00 

F Fuel Flow, Ib/hr 2550 2550 2550 2550 
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Summary of Stack Gas Parameters and Test ResuKs 
030197.0002.5 

Moody AFB - Valdosta, Georgia 
Test Method 0011 - Atdehyde/Ketones 

Slipstream - T3S - Ail Conditions 
Page 1 of 3 

RUN NUMBER 
RUN DATE 
RUN TIME 

0011-ID 0011-INT        0011-MIL 
04/24/2002     04/25/2002     04/26/2002 
0751-1154      0830-1433      0753-1450 

Average 

y 
Pfcar 

DH 

T„ 

T. 

V,c 
CO2 

O2 

N2 

As 
F 
Q 
D„ 

»ni(std) 

Vm(«tH) 

Qm 

P, 

Byre 

1-B«, 
Md 

M. 
V. 

A 
Q. 

MEASURED DATA 

Stacl< Static Pressure, inches HjO 

Meter Box Correction Factor 

Barometric Pressure, inches Hg 

Sample Volume, ft' 

Average Square Root Dp, (in. HjO)'" 

Avg Meter Orifice Pressure, in. H2O 

Average Meter Temperature, °F 

Average Stack Temperature, °F 

Condensate Collected, ml 

Cart>on Dioxide content, % by volume 

Oxygen content, % by volume 

Nitrogen content, % by volume 

Pitot Tube Coefficient 
Circular Stack? 1=Y,0=N: 
Diameter or Dimensions, inches: 
Fuel Flow, llj/hr 
Sample Run Duration, minutes 
Nozzle Diameter, inches 

CALCULATED DATA 

Nozzle Area, ff 
Standard Meter Volume, ft" 
Standard Meter Volume, m" 

Average Sampling Rate, dscfm 
Stack Pressure, inches Hg 
Moisture, % by volume 
Moisture (at saturation), % by volume 
Standard Water Vapor Volume, ft" 

Diy Mole Fraction 
Molecular Weight (d.b.), lb/lb«mole 
Molecular Weight (w.b.), lb/lb«mole 
Stack Gas Velocity, ft/s 

Stack Area, ft^ 
Stack Gas Volumetric flow, acfm 
Stack Gas Volumetric flow, dscfm 
Stack Gas Volumetric flow, dscmm 

Isokinetic Sampling Ratio, %  

0.00 0.00 0.00 0.00 

1.000 1.000 1.000 1.000 

30.70 30.70 30.72 30.71 

171.250 163.722 236.070 190.347 

0.0198 0.1000 0.2236 0.1145 

1.60 0.56 1.60 1.25 

83 97 84 88 

126 125 134 128 

58.8 70.9 68.9 66.2 

0.0 0.0 0.0 0.0 

21.0 21.0 21.0 21.0 

79.0 79.0 79.0 79.0 

0.84 0.84 0.84 0.84 

0 0 0 
576.00 576.00 576.00 576.00 

525 1045 2550 
240 360 330 310 

1.450 0.495 0.435 0.793 

0.011467 0.001336 0.001032 0.004612 
171.447 159.394 236.060 188.967 

4.855 4.514 6.684 5.351 
0.714 0.443 0.715 0.624 
30.70 30.70 30.72 30.71 

1.6 2.1 1.4 1.7 
13.2 12.9 16.3 14.1 

2.768 3.337 3.243 3.116 
0.984 0.979 0.986 0.983 
28.84 26.84 28.84 28.84 

28.67 28.62 28.69 28.66 

1.2 5.9 13.2 6.7 

4.0 4.0 4.0 4.00 
279 1,406 3,164 1,616 

118,704 293,150 544,313 318,722 

3.361 8,301 15,413 9,025 

98.2 103.9 97.4 99.9 
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Summary of Stack Gas Parameters and Test Results 
030197.0002.5 

Moody AFB • Valdosta, Georgia 
Test Method 0011 - Atdehyde/Keytones 

Slipstream - T38 - All Conditions 
Page 2 of 3 

RUN NUMBER 
RUN DATE 
RUN TIME 

0011-ID 
04/24/2002 
0751-1450 

0011-INT 
04/25/2002 
0830-1433 

0011-MIL 
04/26/2002 
0753-1450 

Average 

L 

EMISSIONS DATA 

HCHO        Fomialdehvde 
Target Catch, |jg 
Concentration, |ig/dscm 
Emission Rate, Ib/hr 
Emission Rate, lb/1000 lb fuel 

CHaCHO     Acetaldehvde 
Target Catch, ng 
Concentration, pg/dscm 
Emission Rate, Ib/hr 
Emission Rate, ltt/1000 lb fuel 

CH2CHCHO    Acrolein 
Target Catch, pg 
Concentration, )jg/dscm 
Emission Rate, Ib/hr 
Emission Rate, lb/1000 lb fuef 

CHaCHjCHjOH Propanol 
Target Catch, |jg 
Concentration, pg/dscm 

. Emission Rate, Ib/hr 
Emission Rate, lb/1000 lb fuel 

CHsCHCHCHO Crotonaldehvde 
Target Catch, pg 
Concentration, (jg/dscm 
Emission Rate. Ib/hr 
Emission Rate, lb/1000 lb fuel 

CH3COC5H11    Methyl Ethyl Ketone/Butvraldehvdes 
Target Catch, pg 
Concentration, pg/dscm 
Emission Rate, Ib/hr 
Emission Rate, lb/1000 lb fuel 

CeHjCHO      Benzaldehvde 

Target Catch, pg 
Concentration, pg/dscm 
Emission Rate, Ib/hr 
Emission Rate, lb/1000 lb fuel 

CH3)2CHCH2CHC Isopentanal 

Target Catch, pg 
Concentration, pg/dscm 
Emission Rate, lt»/hr 
Emission Rate, lb/1000 lb fuel 

13000.0 1500.0 200.0 4900.0 
2677.75 332.33 29.92 1013.33 

1.188 0.364 0.061 0.538 
2.26E+00 3.48E-01 2.39E-02 8.78E-01 

1400.0 83.0 13.0 498.7 
288.37 18.39 1.94 102.90 

0.128 0.020 0.004 0.051 
2.44E-01 1.93E-02 1.55E-03 8.82E-02 

1800.00 55.00 11.00 622.00 
370.77 12.19 1.65 128.20 

0.165 0.013 0.003 0.0604 
3.13E-01 1.28E-02 1.31E-03 1.09E-01 

450.0 55.0 11.0 172.0 
92.7 12.2 1.6 35.5 
0.041 0.013 0.003 0.019 

7.83E-02 1.28E-02 1.31 E-03 3.08E-02 

680.00 55.0 11.00 248.67 
140.07 12.19 1.65 51.30 

0.062 0.013 0.003 0.0263 
1.18E-01 1.28E-02 1.31 E-03 4.42E-02 

450.0 55.0 11.0 172.0 
92.7 12.2 1.65 35.5 
0.041 0.013 0.003 0.019 

7.83E-02 1.28E-02 1.31 E-03 3.08E-02 

450.0 55.0 11.0 172.0 
92.7 12.2 1.65 35.5 
0.041 0.013 0.003 0.019 

7.83E-02 1.28E-02 1.31 E-03 3.08E-02 

450.0 55.0 11.0 172.0 
92.7 12.2 1.65 35.5 
0.041 0.013 0.003 0.019 

7.83E-02 1.28E-02 1.31 E-03 3.08E-02 
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1                                                 Summary of Stack Gas Parameters and Test Results 
030197.0002.S 

1                                                                Moody AFB-Valdosta, Georgia 
Test Method 0011 - Aldehyde/Keytones 

Slipstream - T38 • All Conditions 
Page 3 of 3 

RUN NUMBER 0011-ID 0011-im 0011-UIL 
RUN DATE 04/24/2002 04/25/2002 04/26/2002 Average 
RUNTME 07S1-11S4 0830-1433 0753-1450 

EMISSIONS DATA - Continued 

CH3(CH,),CHO Pentanal 

Target Catch, pg 1400.0 55.0 11.0 488.7 
Concentration, pg/dscm 288.4 12.2 1.6 100.7 
Emission Rate, Ib/hr 0.128 0.013 0.003 0.048 
Emission Rate, ItVIOOO lb fuel 2.44E-01 1.28E-02 1.31E-03 B.S9E-02 

C^„CH,CHO   o-ToluaWehvde 
Target Catch, pg 540.0 55 11.0 202.0 
Concentration, pg/dscm 111.2 12.2 1.B 41.7 
Emission Rate, h/hr •     0.049 0.013 0.003 0.022 
Emission Rate, tti^OOO lb fuel 9.40E-02 1.28E-02 1.31E-03 3.60E-02 

CH8(CH2),CH0 Hexapal 
Target Catch, pg 450.0 55 11.0 172 
Concentration, pg/dscm 92.7 12.2 1.6 35.5 
Emission Rate, to/ht 0.041 0.013 0.003 0.02 
Emission Rate, lb/1000 lb fuel 7.83E-02 1.28E-02 1.31 E-03 3.08E-02 

Run II00114D had* r^ UmH ol 450 

Run *a011.tNT had a Rpt Umtt o( 55 

Run MOil-MiL had a Rpl Uml o( 11 
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Summary of Stack Gas Parameters and Test Resutts 
030197.0002.5 

Moody AFB - Valdosta, Georgia 
PAH 

Slipstream • T38 - All Conditions 
Page 1 of 4 

RUN NUMBER                                          PAH-ID           PAH-INT PAH-MIL 
RUN DATE                                             04/24/2002      04/25/2002 04/2&2OO2 Average 
RUNTIME                                               0856-11S6       0833-1440 0753-1447 

MEASURED DATA 

Pstatic Stack Static Pressure, inches H2O                     0.00              0.00 0.00 0.00 

y Meter Box Correctfon Factor                           1.038             1.038 1.038 1.038 

Pbar Barometric Pressure, iriches Hg                      30.70            30.70 30.^ 30.71 

Vm Sample Volume, L^                                       180.130          353.980 332.250 288.787 

Dp'"^ Average Square Root Dp, (in. HjO)''^              0.0207           0.1000 0.2236 0.1148 

T„ Average Meter Temperature, °F                           84                 94 80 86 

T, Average Stacl< Temperature, "F                         139                126 137 134 

COz CartXMi Dioxide content, % by volume                  0.0                0.0 0.0 0.0 

O2 Oxygen content, % by volume                           21.0              21.0 21.0" 21.0 

N2 (Nitrogen content, % by volume                          79.0              79.0 79.0 79.0 

Cp Pitot Tube Coefficient                                         0.84               0.84 
Circular Stack? 1=Y,0=N:                                        0                    0 

0.84 
0 

0.84 

As Diameter or Dimensions, inches:                     576.00           576.00 576.00 576.00 
F Fuel Flow, Ib/hr                                                 525.00          1045.00 2550.00 
Q Sample Run Duration, minutes                            180                360 

CALCULATED DATA 

325 288 

Vni(sKI) Standard Meter Volume,L^                           186.134'       359.177 346.093 297.135 

Vm(aW) Standarel Meter Volume.ft*                               6.573            12.683 12.221 10.492 

P. Stack Pressure, inches Hg                              30.70             30.70 30.72 30.71 
Bws Moisture, % by volume                                       1.4                1.9 1.1 1.5 

1-Bws Dry Mole Fraction                                           0.986             0.981 0.989 0.985 
M, Molecular Weight (d.b.),lb/lb»mole                    28.84             28.84 28.84 28.84 
M, MolecularWeight(w.b.),lb/lb*mole                  28.69             28.63 28.72 28.68 
V, Stack Gas Velocity, ft/s                                       1.2                5.9 13.2 6.8 

A Stack Area, f^                                                   4.0                4.0 4.0 4.00 
Qa Stack Gas Volumetric flow, acfm                        294             1,407 3,170 1,624 

1 
Qs Stack Gas Volumetric flow, dscfm                118,704         293,150 544.313 318,722 

Q. Stack Gas Volumetric flow, dscmm                  3,361             8,301 15,413 9.025 

c Napthalene 
Analysis, ug/sample                                          18.0                2.0 2.0 7.3 
Molecular Weight, MW                                      128.2              128.2 128.2 128.2 
Concentration, Ifa/dscf                              6.03E-09       3^7E-10 3.60E-10 0.0 

ppmdv Parts Per Million, Wet Basis                      1.81E-02       1.04E-03 1.08E-03 6.74E-03 
Parts Per Million, Dry Basis                     1.84E-02       1.06E-03 1.09E-03 6.84E-03 
Emission Rate, ttVhr                                  4J35E-02        6.22E-03 1.19E-02 2.05E-Q2 
Emission Rate, lb/1000 lb ftiel                    8.29E-02        5.95E-03 4.66E-03 3.12E-(» 

A-27 



2-Methylnapthalene 
Analysis, ug/sample 28.0 2.0 2.0 10.7 
Molecular Weight, MW 142.2 142.2 142.2 142.2 
Concentration, Ib/dscf 9.37E-0g 3.47E-10 3.60E-10 0.0 

ppmdv      Parts Per Million, Dry Basis 2.S4E-02 9.40E-04 9.76E-04 9.10E-03 
Parts Per Million, Dry Basis 2.58E-02 g.58E-04 9.86E-04 9.23E-03 
Emission Rate, Itt/hr 6.77E-02 6.22E-03 1.19E-02 2.86E-02 
Emission Rate, lb/1000 lb fuel 1.29E-01 5.95E-03 4.66E-03 4.65E-02 

2-Chloronapthalene 
Analysis, wg/sample 2.0 2.0 2.0 2.0 
Molecular Weight, MW 162.6 162.6 162.6 162.6 
Concentration, Ib/dscf 6.69E-10 3.47E-10 3.60E-10 0.0 

ppmdv      Parts Per Million, Wet Basis 1^9E-03 8.22E-04 8.53E-04 1.09E-03 
Parts Per Million, Dry Basis 1.61 E-03 8.38E-04 8.63E-04 1.10E-03 
Emission Rate, lb/)ir 4.84E-03 6.22E-03 1.19E-02 7.65E-03 
Emission Rate, lb/1000 lb fuel 9.21 E-03 5.95E-03 4.66E-03 6.61 E-03 

Acenapthene 
Analysis, ug/sample 2.0 2.0 2.0 2.0 
Molecular Weight, MW 154.2 154.2 154.2 154.2 
Concentration, ib/dscf 6.69E-10 3.47E-10 3.60E-10 0.0 

ppmdv      Parts Per Million, Dry Basis 1,67E-03 8.67E-04 9.00E-04 1.15E-03 
Parts Per Million, Dry Basis 1.70E-03 8.84E-04 9.10E-04 1.16E-03 
Emission Rate, Ib/hr 4.84E-03 6.22E-03 1.19E-02 7.65E-03 
Emission Rate, lb/1000 lb fuel 9.21 E-03 5.95E-03 4.66E-03 6.61 E-03 

Acenapthylene 
Analysis, ug/sample 2.0 2.0 2.0 2.0 
Molecular Weight, MW 152.2 152.2 152.2 152.2 
Concentration, ib/dscf 6.69E-10 3.47E-10 3.60E-10 0.0 

ppmdv      Parts Per Million, Wet Basis 1.69E-03 8.78E-04 9.11 E-04 1.16E-03 
Parts Per Million, Dry Basis 1.72E-03 8.95E-04 9.22E-04 1.18E-03 
Emission Rate, Ib/hr 4.84E-03 6.22E-03 1.19E-02 7,65E-03 
Emission Rate, lb/1000 lb fuel 9.21 E-03 5.95E-03 4.66E-03 6.61 E-03 

Fluorene 
Analysis, ug/sample 2.0 2.0 2.0 2.0 
Molecular Weight, MW 166.2 166.2 166.2 166.2 
Concentration, Ib/dscf 6.69E-10 3.47E-10 3.60E-10 0.0 

ppmdv      Parts Per Million, Dry Basis 1.55E-03 8.04E-04 8.35E-04 1.06E-03 
Parts Per Million, Dry Basis 1.57E-03 8.20E-04 8.44E-04 1.08E-03 
Emission Rate, Ib/hr 4.84E-03 6.22E-03 1.19E-02 7.65E-03 
Emission Rate, lb/1000 lb fuel 9.21 E-03 5.95E-03 4.66E-03 6.61 E-03 

Phenanthrene 
Analysis, ug/sample 2.0 2.0 2.0 ZO 
Molecular Weight. MW 178.0 178.0 178.0 178.0 
Concentration, ib/dscf 6.69E-10 3.47E-10 3.60E-10 0.0 

ppmdv      Parts Per Million, Dry Basis 1.45E-03 7.51 E-04 7.79E-04 9.93E-04 
Parts Per Million, Dry Basis 1.47E-03 7.66E-04 7.88E-04 1.01 E-03 
Emission Rate, Ib/hr 4.84E-03 6.22E-03 l.tgE-02 7.65E-03 
Emission Rate, lb/1000 lb fuel 9.21 E-03 5.95E-03 4.66E-03 6.61 E-03 
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2-Methylnapthalene 
Analysis, ug/sample 28.0 2.0 2.0 10.7 
Molecular Weight, MW 142.2 142.2 142.2 142.2 
Concentration, Ib/dscf 9.37E-09 3.47E-10 3.60E-10 0.0 

ppmdy      Parts Per Million, Dry Basis 2.54E-02 9.40E-04 9.76E-04 9.10E-03 
Parts Per Million, Dry Basis 2.58E-02 9.58E-04 9.86E-04 9J23E-03 
Emission Rate, tb/hr 6.77E-02 6J22E-03 1.19E-02 2.86E-02 
Emission Rate, IbAIOOO lb fuel 1.29E-01 5.95E-03 4.66E-03 4.65E-02 

2-Chloronapthalene 
Analysis, ug/sample 2.0 2.0 2.0 2.0 
Molecular Weight, MW 162.6 162.6 162.6 162.6 
Concentration, Ib/dscf 6.69E-10 3.47E-10 3.60E-10 0.0 

ppmdv      Parts Per Million, Wet Basis 1.59E-03 8.22E-04 8.S3E-04 1.09E-03 
Parts Per Million, Dry Basis 1.61E-03 8.38E-04 8.63E-04 1.10E-03 
Emission Rate, Ib/hr 4.84E-03 6.22E-03 1.19E-02 7.65E-03 
Emission Rate, lb/1000 lb fuel 9.21 E-03 6.95E-03 4.66E-03 6.61 E-03 

Acenapthene 
Analysis, t/g/sampie 2.0 2.0 2.0 2.0 
Molecular Weight, MW 154.2 154.2 154.2 154.2 
Concentration, Ib/dscf 6.69E-10 3.47E-10 3.60E-10 0.0 

ppmdv      Parts Per Million, Dry Basis 1.67E-03 8.67E-04 9.00E-04 1.15E-03 
Parts Per Million, Dry Basis 1.70E-03 8.84E-04 9.10E-04 1.16E-03 
Emission Rate, Ib/hr 4.84E-03 6.22E-03 1.19E-02 7.65E-03 
Emission Rate, lb/1000 lb fuel 9.21 E-03 5.95E-03 4.66E-03 6.61 E-03 

Acenapthylene 
Analysis, og/sample 2.0 2.0 2.0 2.0 
Molecular Weight, MW 152.2 152.2 152.2 152.2 
Concentration, ib/dscf 6.69E-10 3.47E-10 3.60E-10 0.0 

ppmdv      Parts Per Million, Wet Basis 1.69E-03 8.78E-04 9.11 E-04 1.16E-03 
Parts Per Million, Dry Basis 1.72E-03 8.95E-04 9.22E-04 1.18E-03 
Emission Rate, Ib/hr 4.84E-03 6.22E-03 1.19E-02 7.65E-03 
Emission Rate, lb/1000 lb fuel 9.21 E-03 5.95E-03 4.66E-03 6.61 E-03 

Fluorene 
Analysis, ug/sampie 2.0 2.0 2.0 2.0 
Molecular Weight, MW 166.2 166.2 166.2 166.2 
Concentration, Ib/dscf 6.69E-10 3.47E-10 3.60E-10 0.0 

ppmdv      Parts Per Million, Dry Basis 1.55E-03 B.04E-04 8.35E-04 1.06E-03 
Parts Per Million, Dry Basis 1.57E-03 8.20E-04 8.44E-04 1.08E-03 
Emission Rate, Ib/hr 4.84E-03 6^E-03 1.19E-02 7.65E-03 
Emission Rate, lb/1000 lb fuel 9.21 E-03 5.95E-03 4.66E-03 6.61E-03 

Phenanthrene 
Analysis, ug/sample 2.0 2.0 2.0 2.0 
Molecular Weight, MW 178.0 178.0 178.0 178.0 
Concentration, ib/dscf 6.69E-10 3.47E.10 3.60E-10 0.0 

ppmdv      Parts Per Million, Dry Basis 1.45E-03 7.51E-04 7.79E-04 9.93E-04 
Parts Per Million, Dry Basis 1.47E-03 7.66E-04 7.88E-04 1.01 E-03 
Emission Rate, ib/hr 4.84E-03 6.22E-03 1.19E-02 7.65E-03 

1                     Emission Rate, lb/1000 lb fuel 9.21 E-03 5.95E-03 4.66E-03 6.61 E-03 

1    ■ 
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Benzo(k)fluoranthene 
Analysis, ug/sample 2.0 2.0 2.0 2.0 
Molecular Weight, MW 252.3 252.3 252.3 252.3 
Concentration, Ib/dscf 6.69E-10 3.47E-10 3.60E-10 0.0 

ppmdv      Parts Per Million, Dry Basis 1.02E-03 S.30E-04 5.50E-04 7.01 E-04 
Parts Per Million, Dry Basis 1.04E-03 5.40E-04 5.56E-04 7.11E-04 
Emission Rate, Ib/hr 4.84E-03 6.22E-03 1.19E-02 7.65E-03 
Emission Rate, lb/1000 ib fuel 9.21 E-03 5.95E-03 4.66E-03 6.61 E-03 

Benzo(a)pyrene 
Analysis, ug/sample 2.0 2.0 2.0 2.0 
Molecular Weight, MW 252.3 252.3 252.3 252.3 
Concentration, Ib/dscf 6.69E-10 3.47E-10 a.60E-10 0.0 

ppmdv      Parts Per Million, Dry Basis 1.02E-03 S.30E-04 5.50E-04 7.01 E-04 
Parts Per Million, Dry Basis 1.04E-03 S.40E-04 5.56E-04 7.11E-04 
Emission Rate, Ib/iir 4.84E-03 6.22E-03 1.19E-02 7.65E-03 
Emission Rate, lb/1000 Ib fuel 9.21 E-03 5.95E-03 4.66E-03 6.61 E-03 

lndeno(1,2,3-c,d)pyrene 
Analysis, ug/sample 2.0 2.0 2.0 2.0 
Molecular Weight, MW 276.3 276.3 276.3 276.3 
Concentration, Ib/dscf 6.69E-10 3.47E-10 3.60E-10 0.0 

ppmdv      Parts Per Million, Dry Basis 9.34E-04 4.84E-04 5.02E-04 6.40E-04 
Parts Per Million, Dry Basis 9.47E-04 4.93E-04 S.08E-04 .  6.49E-04 
Emission Rate, Ib/hr 4.84E-03 6^E-03 1.19E-02 7.65E-03 
Emission Rate, lb/1000 Ib fuel 9.21 E-03 5.95E-03 4.66E-03 6.61 E-03 

Dibenz(a,h)anthracene 
Analysis, ug/sample 2.0 2.0 2.0 2.0 
Molecular Weight, MW 278.4 278.4 278.4 278.4 
Concentration, Ib/dscf 6.69E-10 3.47E-10 3.60E-10 0.0 

ppmdv      Parts Per Million, Dry Basis 9^E-04 4.80E-04 4.98E-04 6.35E-04 
Parts Per Million, Dry Basis 9.40E-04 4.89E-04 S.04E-04 6.44E-04 
Emission Rate, Ib/hr 4.e4E-03   - 6^E-03 1.19E-02 7.65E-03 
Emission Rate, lb/1000 Ib fuel 9.21 E-03 5.95E-03 4.66E-03 6.61 E-03 

Banzo{g,h,l,peryiene) 
Analysis, ug/sample 2.0 2.0 2.0 2.0 
Molecular Weight, MW 276.3 276.3 276.3 276.3 
Concentration, Ib/dscf 6.69E-10 3.47E-10 3.80E-10 0.0 

ppmdv      Parts Per Million, Dry Basis 9.34E-04 4.84E-04 5.(»E-04 6.40E-04 
Parts Per Million, Dry Basis 9.47E-04 4.93E-04 5.08E-04 6.49E-04 
Emission Rate, Ib/hr 4.84E-03 6.22E-03 1.19E-Q2 7.65E-03 
Emission Rate, lb/1000 Ib fuel 9.21 E-03 5.95E-03 4.66E-03 6.61 E-03 
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APPENDIX B 

EMISSION SAMPLING METHODS 
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EPA METHOD 5 AND EPA METHOD 202 

Particulate 

The test train utilized to perform the particulate and condensable particulate sampling will 

conform to U.S. EPA Methods 5 and 202 (M5/M202). 

The impingers will be charged as indicated below (Figure 1): 

° Impingers 1 through 3: 100 ml deionized water. 

° Impinger4: 300 g of silica gel. 

The particulate train will consist of the following compoimds: 

" A borosilicate or stainless-steel nozzle with an inside diameter sized to sample the 
amount of exhaust specified in Method 5. 

° A heated, borosilicate-lined probe equipped with a calibrated thermocouple to 
measure flue gas temperature and an S-type pitot tube to measure the flue gas 
velocity pressure. 

° A heated oven containing a borosiUcate connector and filter holder with a Soxhlet- 
extracted glass-fiber filter. 

° A rigid borosihcate connector to join the outlet of the filter holder to the inlet of the 
impinger train. 

° Greenburg-Smith impingers plus a thermocouple to detect sample gas exit 
temperature. 

° A vacuum line (umbilical cord) with adapter to connect the outiet of the impinger 
train to a control module. 

° A control module containing a 3-cfin carbon-vane vacuum pump (sample gas 
mover), a calibrated dry gas meter (sample gas volume measurement device), a 
calibrated orifice (sample gas flow rate monitor), and inclined manometers (orifice 
and gas stream pressure indicators). 
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° A switchable, calibrated, digital pyrometer to monitor flue and sample gas 
temperatures. 

The M5/M202 train will be calibrated to satisfy U.S. EPA requirements. Sample collection 

will follow U.S. EPA M5/M202 procedures. Prior to sampling, the number of traverse points and 

their locations will be calculated using U.S. EPA Method 1. 

Figures 2,3, and 4 illustrate the procedures that will be used to prepare the particulate 

sampling trains prior to each test, the procedures used to sample the stack flue gases, and the 

procedures used to recover the samples from the train, respectively. Each test will be' 60 minutes 

in length, ^ 50 fl^ in sample volume, and isokinetic ± 10%. 

Particulate Matter Analysis (M5/M202) 

The M5 probe/front-half acetone wash and filter fractions and back-half condensate from all 

test runs will be analyzed gravimetrically for particulates according to U.S. EPA M5/M202. The 

front-half particulate analysis will be performed according to the procedures estabUshed in U.S. 

EPA Reference Method 5 (40 CFR 60, Appendix A). As specified by the method, quartz filters 

exhibiting >99.5 % efficiency on 0.3-micron dioctyl phthalate smoke particles will be used. 

Particulate analysis of the filter will be performed by oven-drying the filter. The filter will be oven- 

dried for 2 to 3 hours at 105°C (220°F) and cooled in a desiccator. The filter will be weighed to a 

constant weight. 

Constant weight means a difference of no more than 0.5 mg or 1% of total weight less tare 

weight, whichever is greater, between two consecutive weighings. 

The acetone probe rinse will be checked for any leakage during transport. The liquid will be 

measured volumetrically to the nearest +1 ml. The contents will be transferred to a tared 250-nil 

beaker. The probe rinse will be evaporated to dryness at ambient temperature and pressure. The 

beaker will be weighed to a constant weight and the results reported to the nearest 0.1 mg. 
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ACETONE AND MBTHYLENE 
CHLOPIDEWASH OF SAUPUNG 

N07Zl£. m£R HOLDER AND 
limNGERS 

THOROUGHLY CLEAN 
SAUPUNG TRAIN COUPONEHTS 

INLABORATORr 

TRANSPORT 
TO 

TESTSITE 

. 
STD.IUPINGERNO 1ANDZ 

m ml DISTILLED WATER 

uoampiNGERNO.i 
nOlUDISVLLED WATER 

MPINGERNO.I: 

300 g SILICA GEL 

CHARGE 
MPINOER 

TRAIN 

EXAUINE TARED FILTER 
FOR FLAWS AND 

PLACE INTO FILTER 
HOLDER 

INLET AND OUTLET Of 
SAUPUNG NOZZLE. 

PROBE 

SEAL SAUPLING TRAIN 
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FILTER HOLDER 
INLET TO lUPINGER NO. 1 
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TRANSPORT SAtmMG 
TRAIN COUPONBNTSTO 

SAUPUNG STTE 

FIGURE 2 
PREPARATION PROCEDURES FOR PARTICULATE (M5/M202) 

SAMPLING TRAIN 
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ATTACH lUPINaER TRAIN TD 
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BEL0W225mF 
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FIGURE 3 
TEST PROCEDURES FOR PARTICULATES (M5/M202) 
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The back-half condensable particulate fraction analysis will be performed according to 

procedures established in U.S. EPA Reference Method 202 (40 CFR 60, Appendix A). The 

back-half water and wash samples will be combined in a separator fiinnel to separate aqueous 

and organic phases. The organic-phase extract will be placed in a tared beaker and evaporated to 

dryness at ambient temperature and pressure, then desiccated to a constant 0.1-mg weight. A 

methylene chloride extraction will be performed on the distilled water blank sampling to obtain a 

blank correction value. 

The extracted water sample and extracted distilled water sample blank will be poured into 

tared beakers, evaporated to dryness at 220 to 230°F, then desiccated at ambient temperature and 

pressure to a constant 0.1-mg weight. The residue weight of the dried distilled water samples 

will be adjusted based on the water blank sample correction factor. 

Particulate QC Sampling Procedures 

The sampling QC procedures that will be used to ensure representative measurements of 

particulates are the follov^ang: 

° The sample rate must be within 10 % of the true isokinetic (100 %) rate. 

° All sampling nozzles will be manufactured and calibrated according to U.S. EPA 
standards. 

° Particulate filters will be pre-test and post-test weighed (following 24 hours of 
desiccation) to the nearest 0.1 mg to a constant (± 0.5 mg) value. 

° Recovery procedures will be completed in a clean environment. 

° Sample containers for liquids v^U be constructed of borosihcate with Teflon®-lined 
hds. Filters will be stored in plastic or borosilicate petri dishes. 
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EPA METHOD 0011-FORMALDEHYDE SAMPLING TRAIN 

The formaldehyde in the stack gas emission stream will be determined by U.S. EPA Method 

0011. The sampling train (see Figure 1) will consist of the following components connected in a 

series: 

° A caUbrated borosiUcate nozzle attached to a heated borosiUcate probe. 

° A rigid borosiUcate connector to join the outlet of the sampling probe to the inlet of 
the impinger train. 

° An impinger train consisting of four impingers. The first, second, and third 
impingers will each contain 100 ml of cleaned 2,4-dinitrophenyIhydrazine (DNPH) 
solution. The fourth impinger will contain 300 grams of dry preweighed silica gel. 
The second impinger will be a Greenburg-Smith type; all other impingers will be of 
a modified design. All impingers will be maintainai in a crushed ice bath. 

° A vacuum line (umbilical cord with adapter) to connect the outlet of the fourth 
impinger train to a control module. 

° A control module containing a 3-cfin carbon-vane vacuum pump (sample gas 
mover), a calibrated dry gas meter (sample gas volume measurement device), a 
calibrated orifice (sample gas flow rate monitor), and inclined manometers (orifice 
and gas stream pressure indicators). 

Figures 2,3, and 4 outline the preparation, sampling, and recovery procediires that will be 

used to determine the formaldehyde at the stack location. 

Formaldehyde Analysis Procedures 

The analytical procedures for the quantification of formaldehyde will be performed as 

specified in U.S. EPA Methods 0011 and 0011A utilizing high-performance hquid chromatography 

(HPLC). 
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REMOVE SURFACE RESJDUE WITH HOT 

SOAPY WATER, RINSE WITH TAP 

WATER FOaOWED BY DISTILLED 

WATER. RINSE WITH NANOGRADE 

METHYLENE CHLORIDE 

DRY FOR 1-HOUR IN OVEN AT 105*:. 

SEAL ENDS WITH GLASS, TEFLON OR FOIL 
TRANSPORT TO TEST SITE 

INLET AND OUTLET OF 

SAMPUNG NOZZLE, PR08E 

RINSE GLASSWARE WITH DNPH 

SOLUTION (DISCARD RINSE) 

CHARGE INPINGER TRAIN 

SEAL SAMPUNG TRAIN COMPONENTS 

WITH GROUND GLASS PLUGS 

OR CAPS TO PREVENT 

CONTAMINATION 

TRANSPORT SAMPLING TRAIN 

COMPONENTS TO SAMPUNG 

SITE 

IMHNGERN01; 

100 ml DNPH SOLUTION 

IMPINGER NO. 2: 

100 ml DNPH SOLUTION 

IMPINGER NO. 3: 

100 nH DNPH SOLUTION 

IMPINGER NO. A: 

aoOgSIUCAGEL 

INLET TO IMPINGER NO. 1 AND 

OLTTLET TO IMPINGER NO. 4 

FIGURE 2 
PREPARATION PROCEDURES FOR FORMALDEHYDE SAMPLING TRAIN 
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ATTACH NOZrtE TO PROBE 

AND PROBE TO IMPINGER 

TRAW Wrm BOROSIUCATE OR 

TEH-ON TUBING 

ATTACH SAMPUNG 
TRAIN COMPONENTS AT 

SAMPUNG SITE 

CONNECT UMBIUCAl. TO 
CONTROt. MODULE AND TO 

IHPINGERN0.4 0UTIET 

ZERO INCLINED MANOMETERS 

LEAK CHECK ASSEMBLED SAMPLING 
TRAIN AT IS- Ho. LEAK CHECK 
PITOT(UNES PER METHOD 2 

RECORD LEAK RATE ON HELD 
DATA SHEET; MUST BE 0»0,02 cfm 

PROBE AND OVEN 
HEATERS 25(W^ 

TURN ON PROBE 
HEATERS AND ADD ICE TO 

IMPINGER TRAIN 

TEAM LEADER CHECK 
WITH PROCESS OBSERVER 

FOR START TIME 

PROCESS OBSERVER ENSURE 
THAT PROCESS 

IS OPERATING NORMAUY 

PROBE POSmONED IN 
STACK AT FIRST 

SAMPLING POINT 

RECORD CLOCK TIME, NITIAL 
DRVGASMETER. AP.T  s  ,ANDT 
VALUES   FOR ISOWNETK SAMPUNG 

DETERMINE       AH. SET      AHATORriCE 
METER. READ REMAINING 

GAUGES 

REMOVE SAMPLE PORT CAP. 
INSERT PROBE THROUGH PORT 

SEAL PORT 

START TEST 

AT DESIGNATED 
START TIME 

PROCESS OBSERVER 
CHECKING 

THROUGHOUTTHE TEST 

RECORD DATA ON FIELD 
DATA SHEET AT EACH 

TRAVERSE POINT 

SAMPLE EACH POWT 
ON TRAVERSE DURING 

Di»0 MIN. TEST 

READINGS TAKEN AT &MIN. INTERVALS 
(MAX) DURING Aa TRAVERSES 
AND AT EACH TRAVERSE POINT 

STOP SAMPLING AFTER COMPLETING 
TRAVERSE. RECORD VOLUME. AND REMOVE 

PROBE FROM DUCTSTACK. LEAK CHECK 

RECORD DRY QA5 
METER READING 

AND LEAK CHECK 

TRANSFER SAMPLING TRAIN TO NEXT PORT, 
LEAK CHECK. RECORD METER READING. 

AND REPEAT TRAVERSE PROCEDURE 

AT COMPIETWN OF TEST, LEAK CHECK 
TRAIN AT HK3HEST SAMPLED VACUUM 

AND PITOT LINES AS PREVKXJSLV 
tmiCATED AND RECORD VALUES  SEAL 
OPENINGS AND TRANSPORT TO RElb 

LABORATORY FOR RECOVERY 

FIGURES 
SAMPLING PROCEDURES FOR FORMALDEHYDE 
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Each of the three DNPH impingers will be recovered, composited, and analyzed as one 

sample. The samples must be chilled immediately to stabilize the DNPH-carbonyl derivatives. 

The HPLC will be calibrated prior to use each day. Calibration standard mixtures will be 

prepared from appropriate reference materials and will contain analytes appropriate for the method 

of analysis. 

If a correlation of 0.996 cannot be obtained, additional standards must be analyzed to define 

the calibration curve. A midpoint calibration check standard will be analyzed each shift to confirm 

the validity of the initial calibration curve. The check standard must be within 20% of the initial 

response curve to demonsti-ate that the initial calibration curve is still valid. 

Calibration data, including the correlation coefficient, will be retained in laboratory 

notebooks to maintain a permanent record of instrument performance. 

At least one method blank and two method spikes will be included in each laboratory lot of 

samples. The method spikes and blanks will be in aqueous media. Method spikes will be examined 

to determine if contamination is being introduced in the laboratory. 

The spikes will be examined to determine both precision and accuracy. Accuracy will be 

measured by tiie percent recovery of the spikes; precision will be measured by the reproducibility of 

both method spikes. 

Formaldehyde QC Sampling Procedures 

The following QC procedvires will ensure representative formaldehyde data are taken: 

° Reagents will be used that meet method criteria. A supply of the DNPH reagent will 
be extracted the day before shipping to the test site. Two aliquots from each lot of 
DNPH prepared will be reserved for blank analysis per U.S. EPA Method 0011. 

° The formaldehyde trains will be assembled and recovered in an environment free 
from uncontrolled dust and contaminated organics, and will be performed in an area 
away from other test train recovery activities to minimize contamination. The train 
will be prerinsed with DNPH to eliminate any acetone residue prior to charging. 

° DNPH will be stored in a cool environment and away from other solvents. 
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EPA METHOD 0030 (VOST) 

Volatile Organic Compounds 

The volatile organics in the stack gas emission stream will be determined by U.S. EPA 

Method 0030 (VOST). This sampling train (see Figure 1) will consist of the following components 

connected in series: 

° A heated borosiUcate or quartz probe containing a glass wool particulate filter. 

° An ice-water-cooled condenser connected to the probe, followed by a temperature 
sensor, an adsorption cartridge containing 1.6 grams of Tenax, and a condensate 
trap. 

° A section of Teflon tubing used to connect the outlet of the condensate trap to a 
second condenser, which will be followed by a backup sorbent trap containing 1 
gram of Tenax and 1 gram of activated charcoal, a second condensate collector, and 
a borosilicate tube containing an imweighed amount of dry sihca gel. 

° A tube of sihca gel connected via an umbihcal cable to a control console containing 
flow controllers, a calibrated 1-liter-per-minute dry gas meter, a sample pump, a 
temperature indicator, and other components. 

A total of one VOST tube pairs will be collected during each test period. The volatile 

organics will be determined by analyzing the tube pairs by purge-trap-desorb GC/MS. 

Figures 2,3 and 4 outline the preparation, samphng, and recovery procedures that will be 

used to determine the volatile organics at the stack location. 
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GLASSWARE AND 

TEaONTtlBMG 
ACTTVATED CHARCOAL 

RMSE WTTH NANOORAOE 

ACETONE, MNSewmi 

PESTX:iDE GRADE HEXANE 

EXTRACT IN SQXHLET FOR 

18 HOURS Wrm UETHANOL 

RREATSOOaCFOR 

1HOUR 

ORYAT175«CFOR 

2 HOURS 

DRY FOR 1 HOUR M OVEN 

AT 103 • 1Ca«iC SEM. Ems 

WITH GLASS. TEFLON, OR 

STAIW^SS STEEL CAPS 

AMVORFOn. 

DRY FOR 3« HOURS IN 

120M;OVEN 

PACK SORBENT TIWES WTTH 

TEHAXOC 

PACKSORBEKTTUBES 

WITH CHARCOAL 

PACK DRYING TUBE WITH 

20 GRAUS OF SILICA GEL 

1.6 GRAMS INTO 

TUBE TYPE 1 

1.0 GRAM MTD 

TUBETYPE2 

1 GRAM MTO BACK4JPBECTK>N 

OF TUBE TYPE 2 

CONOmON AT 270«C WITH 

PURIREO HEUUM FLOW OF 

» nUMn FOR 120 IHNtJTES 

CAP ENDS WTTH TEFLON OR 

STAINLESS STEEL PLUGS. 

PLACE IN TRANSPORT TUBES 

CONTAINtNG ACTIVATEO CHARCOAU 

SEAL TOBES WITH TEFLOH-UNED 

tJD. STORE AT 4«C 

CCVER WTTH ALUMIMM 

TRANSPORT TO Xn SITE 

ASSEMBLE COMPONEHrs 

SEAL OPEN ENDS OF TRAm 

WITH GLASS POH. ANODR FOIL 

TRANSPORT TO TEST »TE 

FIGURE 2 
PREPARATION PROCEDURES FOR VOLATILE 

ORGANICS SAMPLING TRAIN 
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CONDENSER. TUBE-nrPEl. 

CONDENSATE TRAP. TEFLON TUBING. 

SECOND CONDENSER. TUBE TYPE Z 

SECOND CONDENSATE TRAP, TUBING, 

AND 6IUCA0EL TUBE 
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START TIME 

PROCESS OBSERVER 
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OPERATINONORMAUY 
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i 
REMOVE SAMPLE PORT AND PROBE 

CAPS, INSERT PROBE THROUGH 

PORT, SEAL PORT 

PROBE POSmONEO AT SAMPLING 

i 
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INmAL DRY OAS METER READtNO 

AND COMPONENT TEMPERATURES, 

SET SAMPUNO RATE ON ROTAMETER 

AND READ REMAINING GAUGES 

START TEST AT DEStONATEO 

STARTTTME 

PROCESS OBSERVER CHECK PROCESS 

AND RECORD DATA 

THROUGHOUT TEST 

" 

8INGU PONT. CONSTANT RATE 

SAMPUMG AT 0.5 TO t LfTER*im 

FOR 30 MINUTES 

PER TUBE PAW 

RECORD DATA ON FIELD DATA SHEET 

EVERY a MINUTES 

1 f 

SHUT OFF TRAIN. RECORD 

FROM STACK. LEAK CHECK TRAM AT 

VALVE AT PROBE EWT AND 

RECORD LEAK RATE 

i 
TRAP PAWS EVERY 20 MINUTES 

THROUGHOUT EACH 1-HOUR, 

2aMINUTE TEST, SEAL ENDS WTTH 

TEFLON OR STAINLESS STEEL CAPS 

RECORD FINAL DRY GAS METER 

READING AND LEAK CHECK AT 

END OF TEST w Vi^ffSJfcJMI 
IMMBV V      J IBnaCKXmlVNB 

FIGURE 3 
SAMPLING PROCEDURES FOR VOLATILE ORGANICS 
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SORBENTTUBES CONDENSATE TRAPS 

WASH WtTH DISTILLED WATER 

DISCARD UQUID 

REMOVE FROM THMH 

SEAL ENDS WITH TEFLON 

OR STAINLESS STEEL CAPS 

AND INSERT IN TEFLON 

CAPPED TRANSPORT TUBES 

PLACE IN LABELED JAR 

CONTAINING ACTIVATED 

CHARCOAL, SEM. JAR WITH 

TEFLON LINED UD. STORE AT 

WET ICE TEMPERATURE (4flC). 

COMPLETE CUSTODY FORM, 

SECURE SAMPLES FOR SHIPMENT 

PLACE UQUID IN 4&ml VGA 
INDICATE 

VIAL, TOP WITH HPLC WATER. 

SEPTUM SEAL STORE AT WET 

ICE TEMPERATURE (4»C) 

REGENERATION 

REQUIRED 

FIGURE 4 
RECOVERY PROCEDURES FOR VOLATILE ORGANICS 
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Volatile Organics Analysis 

The VOST samples will be placed in cold storage (<4°C) upon receipt in the laboratory. 

The samples have a recommended 14-day holding time from collection to analysis. The samples 

will require no additional preparation for analysis, except additions of the internal standard and the 

surrogate (Dg-toluene). 

Volatile organics present in stack gases will be collected on Tenax and Tenax/charcoal 

sorbent cartridges using a VOST. Method 5040 (SW-846, third edition) describes in detail the 

procedural steps required to desorb VOST cartridges and analyze the effluent gas stream for VOCs. 

Additionally, if peaks of other compounds appear in the total ionization chromatogram (up to 10), 

they will be tentatively identified using a forward library search against the U.S. EPA/National 

Institutes of Health (NIH) mass spectral library and semiquantified relative to an internal standard 

spiked into the traps prior to analysis. 

Methanolic solutions of internal standards compounds will be spiked onto each set of tubes 

prior to thermal desorption and analysis. 

After spiking, the contents of the sorbent cartridges will be desorbed thermally for 

approximately 10 minutes at 180°C with organic-free nitrogen or helium gas, and bubbled through a 

tower to impinge water desorbed from the cartridges. Target analytes will be trapped on an 

analytical adsorbent trap. After the 10-minute desorption, the analytical adsorbent trap will be 

heated rapidly to 180°C with the carrier gas flow reversed. VOCs will be desorbed from the 

analytical trap and vented directly to a megabore column in the GC. The VOCs will be separated 

by temperature-programmed GC and detected by low-resolution MS. Concentrations of VOCs will 

be calculated using the internal standard technique. 

VOST QC 

The QC procedures that will ensure representative volatile organics data are the following: 

° All sample and recovery glassware will be precleaned as per the procedure outlined 
in U.S. EPA Method 0030. 

° The distilled water used for recovery of the condensate sample will be HPLC grade. 

° Blanks of distilled water and unused tube pairs will be retained for blank analysis. 
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All condensate and tube pair samples will be maintained at 4°C following collection 
and prior to analysis. 

VOST train preparation and recovery will be conducted in an area away from other 
test train recovery activities to avoid solvent contamination. 
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CONTINUOUS EMISSION MONITORING METHODS 

The continuous emission monitoring system (CEMS) will be utilized to monitor gaseous 

emissions from stationary sources. The CEMS will monitor one or more of the following analytes: 

oxygen (O2), carbon dioxide (CO2), carbon monoxide (CO), sulfur dioxide (SO2), nitrogen oxides 

(NOx), and total hydrocarbons (THCs). These measurements will satisfy the requirements of the 

following U.S. EPA Reference Methods: 

° Method 3 A — Determination of Oxygen and Carbon Dioxide Concentrations in 
Emissions from Stationary Sources. 

° Method 6C — Determination of Sulfur Dioxide Emissions from Stationary Sources. 

° Method 7E — Determination of Nitrogen Oxide Emissions from Stationary Sources. 

° Method 10 — Determination of Carbon Monoxide Emissions from Stationary 
Sources. 

° Method 25 A — Determination of Total Gaseous Organic Concenfration Using a 
Flame lonization Analyzer. 

The CEMS consists of the sampling interface, the analyzers, and the data collection system. 

The sample interface will begin at the sample probe and exfract the sample from the source, 

fransport the samples to the analyzers, and fiher the samples. For most of the analytes the moisture 

in the sample will be removed in the sample interface prior to analysis. Only the flame ionization 

analyzer sample will be analyzed on a wet basis. The sample interface will allow calibration gas to 

be infroduced at the analyzer and at the sample probe. The analyzers will provide the next 

component of the CEMS. The analyzers must meet specific caHbration requirements. The data 

collection system will record the raw voltage signal output from the analyzers, convert the signal to 

represent the analyte concenfration, and store these concentrations as discrete averages (usually 1- 

minute averages). At the end of any test run, the data collection system will correct the test results 

for calibration drift and bias as required in the EPA methods. 

The CEMS can be operated to monitor one or all of the analytes. The sampling interface 

will be modified to suit the source characteristics and the desired analytes. 
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Sample Interface 

The hot, wet sample interface (see Figure 1) must be used if THCs are being measured. The 

sample will be extracted through a heated probe, filter, and sample line to prevent condensation. 

The sample interface components that are outside the stack will be maintained at or above 250 °F. 

The hot, wet sample interface will consist of the following components: 

° An unheated inner stainless-steel probe extension, which will be maintained at stack 
temperature. 

° A heated probe section (at least 250 °F) which penetrates the stack wall and connects 
the inner probe to the heated filter box. 

° A heated filter box (at least 250 °F) which contains calibration gas injection ports 
and an in-line stainless-steel filter. 

° A heated sample line (at least 250 °F) to transport the sample fi-om the filter box to 
the analyzer manifold. 

° A heated manifold, which will spUt the sample between the heated and unheated 
analyzers. 

° A VIA MAK n low contact refiigerated condenser to remove water. 

° A flow distribution manifold to maintain the required sample flow to each analyzer. 
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BIAS CALIBRATION 

VALVE 
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Figure 1 

Continuous Emissions Monitoring System 
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One fraction of the sample will be transported by a short heated line to the hydrocarbon 

analyzer. The remaining sample will be sent to a VIA MAK n low-contact refrigerated condenser 

to remove water. The condenser will be maintained at 38 °F, and condensed moisture will be 

removed continuously from the bottom of the condenser through a peristaltic pump. The dried 

sample will pass through a pump and control valve, and will be distributed to the various analyzers 

by a distribution manifold. The critical flow parameter for each analyzer will be monitored with a 

rotameter as described below. The sample confrol valve will be adjusted to ensure that the sample 

gas always will be provided in excess, and that the excess sample will be released to the 

atmosphere. 

Calibration 

Calibration of the CEMS is always conducted in two steps: internal (direct to the 

instrument) and bias (direct to the probe end in the heated filter box). The intemal calibration 

always is conducted first to verify instrument response. The intemal calibration is conducted by 

infroducing a calibration standard through the flow distribution manifold. 

The instrument response will be adjusted initially by observing the front display of the 

analyzer. All final calibration response data must be collected from the datalogger display. 

Typically, there will be a shght difference between the analyzer front panel display and the data 

logger display, and the calibration data must be consistent Avith the recorded test data. 

The bias calibration will be conducted prior to the start of the test run. This calibration will 

be conducted by infroducing the calibration gas standard to a tee on the end of the probe in the 

heated filter box. The calibration gas will be supphed in excess and the surplus gas will flow out of 

the open end of the probe into the stack.  This will ensure that bias calibrations are conducted at 

stack pressure. 

The calibration drift will be measured at the end of the test run by repeating the bias 

calibration for zero and one or more calibration standards. The difference between tiie pretest and 

posttest CEMS response will be the calibration drift. 
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Analyzers 

The following analyzers may be used in the CEMS: 

° Total hydrocarbons: 

JUMModelVE-7 
Flame ionization analyzer 
Range: 0 to 100,0 to 10,000 ppm as carbon equivalent. 

° Sulfur dioxide: 

Bovar Corporation Model 721, version AT or M 
Nondispersive infrared adsorption 
Range: 0 to 500,0 to 5000 ppm as SO2. 

° Nitrogen oxides: 

Thermo Environmental Company (TECO) Model 42H 
Chemiluminescence 
Range: Between 0 to 25 and 0 to 5000 ppm as NO or as NOx; NO2 by difference. 

API Model 200 
Chemiluminescence 
Range: Between 0 to 100 and 0 to 10,000 ppm as NO or NOx; NO2 by difference. 

° Carbon monoxide: 

TECO Model 48 or 48H 
Gas correlation nondispersive infrared 
Range: 0 to 10 and 0 to 1,000 ppm (Model 48) and 0 to 10,000 ppm (Model 48H). 

API Model 100 
Gas correlation nondispersive infrared 
Range: 0 to 100 and 0 to 1,000 ppm. 

° Carbon dioxide: 

Fugi/ACS Model 760 
Nondispersive infrared 
Range: 0 to 1000 ppm, 0 to 1%, and 0 to 5%. 
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Oxygen: 

Siemens Oxymat 5E 
Paramagnetic 
Range: 0 to 25 %. 

Servomex 1400 
Paramagnetic 
Range: 0 to 25 %. 

EPA Reference Methods 

The performance parameters for the EPA Reference Methods are presented in Table 1. 

The universal WESTON calibration performance requirements, applicable to all parameters, 

are the following: 

° Calibration error: ± 2% 
° Calibration bias: ± 2% 
° Calibration drift: ± 3% 

All parameters will be calibrated using zero plus three upscale gas standards. All sample 

data will be corrected using the EPA method 6C bias correction. 

^corrected /c '7  \ std (S, - Z,) 

Where: 

Ccorrected = Run average concentration corrected for instrument bias and drift. 
Craw     = Raw run average concentration before correction. 
Zb       = Average pre- and posttest zero bias response. 
Sb       = Average pre and posttest upscale bias response. 
Sstd      = True value of upscale bias standard. 
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stack CEM QC Sampling Procedures 

The following QC procedures will be applied to ensure collection of representative CEM 

data. 

CEMs (probe to sample conditioner) will be leak-checked prior to the testmg. 

All CEMs will be calibrated prior to testing to ensure precise and accurate data. 
Cylinder gases with a certified accuracy of ±2 % or Protocol One standards will be 
used to cahbrate each of the analyzers. Each analyzer will be calibrated at four 
points (zero, low, mid, and high range). Nitrogen or hydrocarbon-free air will be 
used to set the instrument zero. The three calibration standards will be 
approximately 20 to 30,45 to 55, and 80 to 100 % of span. 

Pre- and posttest calibration bias tests will be performed for each test run. The bias 
check will be performed with the cahbration standard that is closest to the observed 
concentration in the sample gas. The average pretest/posttest bias drift will not 
exceed 3 % of fiiU scale. 

A permanent data record of CEM analyzer responses will be made on a strip chart 
data logger and on the sampling data sheets. 
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OEM Data Correction Data Sheet 

Plant Name:               Moody AFB 

- 

Sampling Location:     EnRbe - Idle 
Date:        •                       ATUm 
Prolect Number         (B0197.0002J 
OEM Operator           Don)! Allea 
Pollutant                  CO 
Molecular Weioht                 28.01 

ISounce Infonnatlon Calibration 
Conectsd 

Data 
(%orppm) 

Mass 
Emission 

Rats 
flWhrt 

Mass 
Emission 

Rats 
(lb/1000 lb fuel) 

How 
(dscfm) 

Fuel 
Flow 

(ll>»ir) Runt4o 
Start-Stop 

Time 
Raw Data 

(ppm) 
ICaSbralion Data 

Cma Co f Cm 
1 08:27-10:46 688.1 3           902.E -0.3  890.0                   .32,899           525 698.6 100.26 190.9433 
2 12.00-14:18 674.. }           447.£ 0.5  436.5                    30,116           525 69ao 90.90 173.1428 
3 15:55-18:54 688.: i           447.6 -0.6 434.5                    28,888           525 688.4 86.69 165.1155 

Average 693.0 9a61 176.4006 

Calibration Error Coirecllon 
Cgas=(Col»«o)*(Cma/(Cm-Co)) 
Mass Emission Rate (MM 
E<riVhr)»Cga8"MWgas*Q8(dsefm)'60«8530(xroo 
E(lWhi)(Run 1) - 698.e*28.01'32,899*6(V385300000 = 1003 

Pollutant MWgas 
CO 
Methane 
NOx 
S02 

28.01 
16.00 
4801 
64.08 

H«a^ Emission Rate nbnOOO lb tuell 
E{lb/MMBtu):£GbAirVFuel flow * 1000 

CEM Data Correction Data Sheet 

- 

Plant Name:              Moody AFB 
Sampling Location:     Stijutrcam-Idie 
Date:                              *24AK 
Project Number         030197.0002.5 
CEM Opemtor           Done Allen 
Pollutant:                  CO 
Molecular Weiaht                28.01 

^Source Moimalion Csibration 
Corrected 

Data 
{%orppm) 

Mass 
Emission 

Rate 
(Ib/hr) 

Mass 
Emission 

Rate 
(lb/1000 lb fuel) 

Stack 
Ftow 

(dscfrn) 

Fuel 
How 

(Itthr) Run No. 
Start-Stop 

Time 
Raw Data 

(ppm) 
Calibration Data 

Cma Co Cm 
1 07:52-10:48 202.8 300.9 -4.0 289.0 93,842 525 21Z2 86.85 165.4257 

3 
11:26-1421 179.9 300.9 -4.0 292.0 94,610 525 186.9 77.13 146.9060 
1S:$5-16:B4 161.8 300.9 -4.0 295.5 105,541 625 166.6 76.70 146.1005 

Average   | 188.6 80.23 1528107 

Catlhration Enor CotTBeBon 
Coas={Cobs-Cor(Cma/(Cm-Co)) 
Mass Emlarion Rate nhIhA 
E(liyhr)-Cga8*MWga8*Cls(disdn>)'6CV38S300000 
Mass Emission Rats nb/1000 b (uel) 

Pollulant MWgas 
CO 
Methane 
NOx 
S02 

28.01 
16.00 
46 01 
64.06 

. 

E(IUMMBtu)=E(ib/hr)/Fuel flow * 1000 

CEiU Data Correction Data Sheet 

i 

Plant Name:               Moody APB 

Date:     .                        4/2Am 
>ro|ectNumba:          030197.0002.5 
3EM Operator:           DOOR Allen 
Pollutant:                   CO 
k^olecular Weight:                    0 

Caltmtion 
Conscted 

Data 
(%orppm) 1 %inNo. 

Stan-Stop 
■nma 

RawOsta ; 
(ppm) 

Vibration Data               1 
Cma Co Cm 

1 )7:S2-l)8-.21 -0.3 902.8 •0.3 890.0 0.00 
2 126-11:55 -0.3 447.8 0.5 4363 0.00 
3 520-15:49 ■0£ 447.8 -0.6 434.6 0.10 

/ Ivems 0.03 

Calibfation Error Cgtreclion 
CQas=(CobM3or(Cma/(Cm-Co)) 
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CEM Data Correction Data Sheet 

Plant Name: Moody AFB 

Sampfing Location: Engme-Idle 

Data: *34/02 

Project Number 030197.0002.5 

CEMOpetaton Dou£ Allen 

PoButant C02 
iMoiecular Weight                                            | 

Run No. 

Start-Stop 

Time 

Raw Data 

(%orppm) 

Calibration I3ata 

Cma Co Cm 

CaBbratlon 

Corrected 

(%orppni) 

08:27-10:46 0.6 8.9 0.0 9.S 0.6 
1200-14:18 0.6 9.9 -0.1 9.9 0.7 

0.7 

0.7 

15:55-16:54 0.6 9.9     -0.2 S.9 
Average 

Callbiation Errty Corrcefion 

Cgas=(Cobs-Co)*(Cma/(CiTi-Co)) 

CEM Data Correction Data Sheet 

Plant Name: Moody AFB 

Sampling Location: SHpstreaxn - Idle 

Date; 4J24/02 

Project Number 030197.0002J 

CEM Operator Doug Allen 

Polutant C02 
Molecular Weight                                            | 

Run No, 

Start-Stop 

Time 

Raw Data 

(%orppm) 

Calibration Data 

Cma Co     Cm 

Calibration 
Corrected 

(%ofppm) 
07:52-10:48 0.204 1.01 -0.03 0.99 0.231 
1126-14:21 0203 1.01 -0.03 0.98 0231 
15:55-16:64 0.181 1.01   -0.02    0.98 0207 

Average 0223 

Callbfjatlpn Error Corredipn 
Cga8^Cobs-Co}*(Cma/(Cn>-Co)) 

CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
Sampling Location: Amlnent 
Date: 4/2*02 
Project Number 030I97.0002.S 
CEM Operator DougAIleo 
Pollutant: C02 
Molecular Weight                                            | 

Run No. 
Start-Stop 

Time 
Raw Data 
(%ofppm) 

Calibration Data 
Cma Co      Cm 

Calibration 

Corrected 

Data 

(%orppm) 

07:52-0821 -0.03 9.94    0.00 9.80 Q.OOD 

1126-11:55 -0.06 9.94 -0.10 9.85 0.040 

15:20-15:49 -0.09 9.94   -0.15    9.90 0.059 
Average 0.033 

Calibrafon Enor Coireetion 

Cgas=(C«*s.Co)*(Cma/(Cm-Co)) 
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CEM Data Correctfon Data Sheet 

Plant Nanw: Moody AFB 
SampBng Location: EngmG-Idle 
Date: «2«D2 
Pn^edUmtoer. 030197.0002J 
CEMOperaton DoDgAUm 
Pollutant 02 
iMolecular Weight                                        | 

Run No. 
Start-Stop 

Time 
Raw Data 

(%orppm) 
CalS>raiion Data 

Cma Co Cm 

Calbration 
Conected 

Data 
Qfcorppm) 

1 0827-10:46 19.9 20.0 0.1 19.9 20.0 
12:00-14:19 19.8 20.0 0.1 19.9 19.9 
15:55-16:54 19.7 20.0 0.1    19.8 19.9 

Average 19.9 

Cali&ratten Error Cotroctign 
Cgas=(Cobs-Co)*(Cma/(Cm-Co}) 

CEM Data Correction Data Sheet 

Plant Nante:              Moody AFB 
Sampling Location:    SUpsoeim - Idle 
Data:                              4/24AC 
Project Number         030197.0002.5 

Pollutant                  02 
Molecular Weigt^ 

CaSbrafion 
Conectad 

Data 
(%orppm) Run No. 

Start-Slop 
Time 

Raw Data 
(%ofppra) 

Calbration Data 
Cma Co Cm 

1 0752-10:48 20.8 20.0 -0.3 20.1 20.7 
2 1126-1421 20.8 20.0 -0.4 20.1 20.7 
3 15:55-16:54 202 20.0 -0.5 19.8 20.4 

Average 20.6 

CaSbratic nEnorCoire tdfon 
Cg8S-(Cob»Co)*(Cma/(Cnv<;o)) 

CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
Sampling Location: AmUent 
Date: 4I24A2 
Pro!iect Number 030197.0002J 
CEMOperaton DottgADen 
Pollutant 02 
iMcriecularWeight                                        | 

Calibration 
Conected 

Data 
(%orppm) Run No. 

Start-Stop 
Time 

Raw Data 
(%orppm) 

CalbraiionData 
Cma Co Cm 

1 07:52-0821 20.9 20.0 0.1 19.9 21.0 
2 1126-1155 20.9 20.0 0.1 19.9 21.0 
3 1520-15:49 20.8 20.0 0.1 19.8 21.0 

Avoage 21.0 

CatbTPtion ETOT Corrcctjon 
Cgas=(Cohs-Co)'{Cma/(Cm-Co)) 

C-4 



Total Hydrocarbon Data Correction 

PtentNama: Moody AFB 
Sampling Location: Engine-Idle 
Date: Arum. 
Projecf Number: 030197.00(CJ 
CBX Operator DouE Allen 
Ponuliait THC 
■Molecular Weight 16.00 

Source Information ConBdad 
Data 

[^ Basis 
(ppm) 

lUass 
Emission 

Rale 
(nVhr) 

Mass 
Emission 

Rate 
(Pa^OOOIbfuel) 

Stack 
Fkw 

(dscfm^ 

Stack 
Moisture 

Run No. 
Start-Stop 

Time 
RawE)ala 

ftjpm) 
1 0827-10:46 179.8 34,326 2.00 1833 15.69 29.8881 
2 12«0-14n9 1553 32,817 ZOO 158.7 1Z93 24.7153 
3 15:^-1654 141.6 32,605 ZOO 144.4 11.73 22.3502 

Average 162.2 13.47 25.65 

Molsturg Correction 
Cgas(doO=Cgas(weO/(1-(% nxAslwe/lOO}) 
Wm emWon RatB (ifc^r) 
E(ltVhr)>Cga9(ciry)*MWgas*Cis(dsc6n}*60/385300000 

Total Hydrocarbon Data Correction 

Plant Name: MoodyAFB 
Sampling Ijocatloa- Slipstream-Idle 
Dale: 4/24/D2 
Pn^ect IMmnber 030197.00023 
CEM Operator DoosAUeo 
PoSulant: THC 
Molecular Weight 16.00 

Source mformalton Cortectec 
Oeia 

DiyBa^ 
(ppm) 

Mass 
Bnis^on 

Rate 
Ohffui 

Mass 
Emission 

Rale 
(BiirtOOOIbfuel) 

Stack 
How 

rdscfrn) 

Stack 

Run No. 
Start«kip 

Tfrne 
Raw Data 

(ppm) 
1 
2 

0732-10:48 41.4 155313 2.00 42.2 16.35 31.1497 
1126-1421 35.6 132,932 2.00 36.3 12.02 223928 

3 1535-1634 2a3 67^668 2.00 2&9 4.87 9J2764 
Aveia^ 35.8 11.08 21.11 

MolsturpConiacBon 
Cgas(dry}-Cgas(weQ/('t-<%moteture/100)} 
Mass FmliBdon Rate (Bi/tirt 
E(b/h[)=Cgas(dry]'MWgas*Qs(dscbn)*6Q/38S300000 

Total Hydrocarbon Data Ccnrection 

Plant Name: 0 
Samping Lflcatton: 0 
Oato: 4V24A)2 
Project Nunben 0 
CEMOperatOR 0 
Pollutant: THC 
Molecular Wetght 1600 

Run^to. 
Start-Stop 

Time 
RawDaia 

(ppm) 
1 0000 0.00 
2 
3 — 

0000 0.00 
0000 0.00 
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CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
SampGnn Location; Engme-Iifle 
Date: 4/24/02 
Prt^ect Numban 030197.0002J 
CEM Operator: DoagAUco 
Pollutant NOx 
Molecular Weight: 46.01 

RunNa 
Start-Stop 

Time 
Raw Data 

(%orppin) 
CaStxation Data 

Cma Co     Cm 

Source liriormaHon 
Stack 
Row 

(dscftn) 

Fuel 
Flow 

JlWhrL 

CaSbraaon 
Corrected 

Data 

Mass 
Emissian 

Rate 
Efidsskm 

Rets 
(hriOOOIbtuaO 

0827-10:46 3£ ^0J9 0£ 19.9 525 3A OJBO 1S19B 
\ZO0^U■.^B 3.8 19.9 03 19/4 30,116 S2S 3.7 0.79 15076 
15:55-16:54 3.7 10.9 0.2 18.8 S2S 3.7 0.77 1.4751 

Average 3.6 0.79 1.5009 

C!9ia?fBtic>n grroT Cgrrwtign 
Cgafti<(Cobs-Co)>(Ciiia/lCiT>-CD)) 
^te?pE^T^l5si«1Rat8Ph'^^r} 
E{ttVhr>:.Cgas*MWgas*Os(d9dm}*60^38S300000 
Ma?g ^ml^slgn Rate (lyiOW P? twD 
E(lb/MMBtu)°E(ItVhiyFuel flow * 1000 

Pollutant MWgas 
CO 
Methane 
NQx 
S02 

28.01 
ISJOO 

46.01 
64.06 

CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
Sampling Location: Siipstiwmi" Idle 
Date: 4/24A» 
Project NiBUber: 030197.0002.5 
CEM Operator: Doug Allen 
PoOutant MOx 
Molecular Weight 46.01 

Run No. 
Start-Stop 

Thne 
Raw Data CaHbiation Data 

Cma Co Cm 

Source Infomiation 
Stack 
Flow 

(dscfm) 

Fual 
Flow 
ftyhr) 

CaBiration 
Convcted 

Data 
(%orppm) 

Mess 
Emission 

Rate 

Mass 
Emission 

Rats 
(nyi OOP to fuel) 

07:52-10:48 0/40 10.1 -0.2 9.6 83,735 62S 0.6 0.38 0.7252 
11:26-1421 0.40 10.1 -0.1 S.8 94,495 S2S 0£ 031 05921 
15^5-16:54 0.4O 10.1 0.1 9.8 105,389 525 0.4 0.27 0.5216 

AvBcage 05 032 0.6130 

Calbatai Error CofffcBon 
C8as-(Cot»<:o)*(Cma/(Cm-Co)) 
Maia &P|sslon Rate (Ib/hfi 
EOb/hr>>CoBS*MWgas-Qs(dsc6n)-6(V385300000 
Maae Emlsston Rale Qti^oOO lb lueH 
E(hMMBtu)-EphAir)/Fuel flow* 1000 

PoOutant MWgas 
CO 
Methane 
NOx 
S02 

28.01 
16.00 
46.01 
64.06 

CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
S&m(^(nQ Loc3tk)nz AmbicDt 
Date: 4/2AKa 
Project Number: 030197.0002J 
CEM Operator DoaEAlleo 
PoButant: NOK 

Molecular Weight: «RBF! 
Calibration 
Conected 

Data 
(%orppm) RunNa 

Start-Stop 
Tme 

Raw Data 
(%brppm) 

CaHsralion Data 
Cma CO Cm 

1 07:52-0821 •0.05 19.9 02 19.9 0.00 
2 11:26-11:55 0.00 19.9 03 19.4 0.00 
3 1520-15:49 •0.04 19.9 02 183 0.00 

Averas 0.00 

Calibration EnorCorrectton 
Cgas«(CobsOonCnia/(Cm-Co)) 
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CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
Sampling Location: Bntfine - intennediatp 
Date: 4/25/02 
Proiset Number a30I97.0002J 
CEM Operator DougADen 
Pollutant: CO 
Molecutar Weight 28.01 

Run No. 
Start-etop 

Time 
Raw Data Calibration Data 

Cma Co Cm 

Souice tlfcOTnaMon 
Stack 
Row 

(dscftn) 

Fuel 
Fkjw 

db/hft 

Caliixation 
Corracted 

Data 
(%orppni) 

Mass 
Emiaaon 

Rats 
(hfiv) 

Mass 
Emission 

Flats 
flb/1000lbfael> 

09:t0-10:29 202.4 447.8 -4.0 420.5 61 .SIS 1,045 217.7 58/42 55.9077 
1135-13:04 194.5 447.8 •4.0 41B£ 5535S 1,045 210.4 sixe 48.8648 
1325-14S4 190.7 447.8 •45 418.5 53,421 1,045 206.7 48.16 46.0849 

Average 211.6 52.55 50.2858 

CflHbffilipn Brm Conxion 
Csas=(Cat»Co)*{Cma/(CnvCo}) 
Mas? Emis^on R«9 (tt>/hr) 
E(lb4n>>Cgas*MWgas*Qs(dscftn)>6(V38S300000 
Mass Emisrfon Rate flh/IOOO lb tueft 
E(lb/)bMBtu)=EOt>tiryFual Sow * 10OO 

Pollutant MWgas 
CO 
Melhane 
NOK 
302 

28.01 
16.00 
46.01 
64.06 

CEM Data Correction Data Sheet 

PlantName:             MoodyAFB 

Ctate:                             405/02 
Proiaol Number.        O3O197.00Q2.5 
CEMOpetaton         DoogAlka 
Polluiam:               CO 
Molecular Weiflht:              28.01 

Souioe fnfomiatlon CaKbmtinn 
Conadsd 

Data 
{%orppm) 

Mass 
Einfssion 

Rate 
OtVhr) 

Mass 
EmissJon 

Rale 
Oti^OOOIbfuet) 

Stack 
Flow 

(ctecftn) 

Fuel 
Flow 

(bftit) Run No. 
Sart-Slop 

Time 
Raw Data 

(ppm) 
CalbrationData 

Cma Co Cm 
1 08:36-10:32 3S.0 58.4 -1.2 S7J0 292,603 1,045 41J0 52.36 50.1013 

11:10-13:07 37.0 59.4 -15 55.9 282,063 1.045 39.7 50.62 48.4428 
3 1325-1424 35.7 59.4 -13 543 294.783 1.045 39.1 50.34 48.1688 

Avsrags 40.0 51.11 485043 

CaBbmtion &mjr_CQnBct!Si Pollutant MWgas 
Csas=(Cobs<;o)''(Cma/(Cm-Co)) 
JteaSrt^fotiRate(iWhr) 
E(IUhrH:;gas'MWsaS-Q8(dscfm)*60e85300000 

CO 
Methane 
NOK 
S02 

28.01 
16.00 
46.01 
64.06 

CEM Data Correction Date Sheet 

Plant Name: MoodyAFB 
SampTngLxication: Ambient 
Date: 4/25/02 
Project Number: Q30IJ7.00023 
CEM Operator: DougAlleti 
Pollutant CO 
Molecular Weis^ 0 

Run No. 
Start-Stop 

TimB 
Raw Data 

(ppm) 
Califaration Data 

Cma Co Cm 

Calbralion 
Cbrtectsd 

Data 
(%orppm) 

0S:36O9:(» -4.1 447.8 -4.0 420.5 0.00 
11.-01-1130 -4.1 447.8 -4.0 418.5 0.00 
1430-14S9 -4.5 447.8 -45 418.5 0.00 

Aver» 0.00 

Calibration Enor Correction 
Cgas-(Cobs-Cor(Cma/{Cni-Co)) 
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CEM Data Correction Data Sheet 

Plant Name:               Moody APB 
Sampling Location:      Engine - Intenoediaie 
Date:                                 4/25/02 
Profact Number         030197.0002^ 
CEM Operator           Doag Allen 
Pollutant                  CX)2 
Molecular Weight 

Cant>ratIon 
Corrected 

Data 
(%orppm) Run No. 

Stait-Stop 
Time 

Raw Data 
(%orppm) 

Cal&)ration Data 
Cma Co Cm 

1 
2 

09:10-1029 
11:35-13:04 

0.6 9.9 ■02 10.1 0.S 
0.6 8.9 -0.3 10.0 0.8 

3 13:25-1424 0.6 9.9 -0.3 10.0 0.9 
Average 0.8 

CaBbratlon Error Correction 
Csas=(Co'3s-Co)*{Cma'(Cm-Co)) 

CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
Sampling Location: Slipstream - buemediate 
Date: A/25m 
Pn^ect Number 030197.0002J 
CEM Operator DouK Allen 
Pollutant C02 
!Molecular Weight                                         1 

Run No, 
Start-Slop 

Time 
Raw Data 
(%orppm) 

CalbFaHon Data 
Cma Co     Cm 

CaBxation 
Corrscted 

Data 
(%orppm) 

08:36-1032 0.132 1.01 ■0.03 0.98 0.159 
11:10-13:07 0.134 1.01 -0.02 0.97 0.159 
13:25-1424 0.135 1.01 -0.02 0.97 0.158 

Avaage 0.159 

Calibration Error Cofrectlon 
Cgas=(Cobs-Co)*{Cma^(Cm-Co)) 

CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
Sampling jjocation: Ambient 
Date: Ans/ca 
Pnoject Number 030197.0002J 
CEM Operator Dong Allen 
Pollutant C02 
Molecular Weight                                         1 

Catt)ration 
Cormctwl 

Data 
{%orwm) Run No. 

Start-Sb>p 
Time 

Raw Data 
(%orppm) 

C^IKrolion Data 
Cma Co Cm 

1 
2 

08:36-09:05 -0.03 9.94 -0.15 10.05 0.112 
11:01-11:30 -0.07 9.94 -025 10.00 0.179 

3 14:30-14:59 -0.09 9.94 -0.30 10.00 0203 
Average 0.165 

Calibration Error Correction 
Cgas=(Cobs<;o)*(Cma/(Cm-CD)) 
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CEM Data Correction Data Sheet 

PlantName:              Moody AFB 
Sampling LocaHon:     Engine-IniBnnedUte 
Data:                                4/2SAt2 
Prelect Number        030197.0002 J 
QEM Operator           Doog Allen 
Poftilanf:                  02 
Molecular W^ght: 

Cafibralion 
Corrected 

Data 
{%orppm) Run No. 

Start-stop 
Time 

Raw Data 
(%orppm) 

Calibration I}ata 
Cma Co Cm 

1 
2 

09:10-1029 19.9 20.0 0.1 19.8 20.1 
11:35-13:04 19.8 20.0 0.1 19.8 20.0 

3 13:25-1424 19.8 20.0 0.1 19.8 20.0 
Avei ra^B 20.0 

Calityation Error Coirectjon 
Csas^Cobs-Co)*(Cma/(Cm-Co)) 

CEM Data Correction Data Slieet 

Plant l<jame: Moody AFB 
SampEng Ijocation: SUpsneam - IntBrmaSale 
Date: 4/2SD2 
Project Number 030197.0002.5 

DooE Allen 
Pohilant: 02 
Molscular Weight                                        1 

Run No. 
Start-Stop 

Time 
Raw Data 

(%orppm) 
Callbratksn Data 

Cma Co Cm 

CaBxation 
Corrected 

Data 
(%orppm) 

1 
2 
3 

08:36-10:32 21.1 20.0 -0.5 21.0 20.1 
11:10-13:07 20.8 20.0 
13:25-1424 

-0.5 20.8 20.0 
20.6 20.0 -0.5 20.5 20.2 

20.1 

CallbfaBon Stor Correction 
Cgas=(Cobs-Co)*(Cma/(Cm-Co)) 

CEM Data Correction Data Sheet 

P^tName: Moody AFB 
Sampling Location: Amlxeot 
Date: 4/25/02 
Project Number 030197.0002.5 
C^ Operator DougAilen 
Pofcitant 02 
{Molecular Weight:                                        1 

RimlMo. 
Start-Stop 

Time 
RawI3ata 
(%orppm) 

Calibration Data 
Cma Co Cm 

Cafii>ration 
Conected 

Data 
(%orppm) 

085&59:« 
ll:0i-li':30 

20.9 20.0 0.1 19.8 21.1 
20.9 20.0 0.1 19.6 21.1 

14:30-14:69 20.8 20.0 0.1     19.8 21.0 
Average 21.1 

Cali?ration Errpr Corrsclion 
Cgas=(Cobs-ConCma/(Cm-Co)) 
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Total Hydrocarbon Data Correction 

Plant Name: Moody AFB 
Sampling Location: EoKine - IntcnBfidi&te 
Date: *2S/02 
Project Numlser 030197.00025 
CEMOpetatix: DoosAUeB 
Pollutant rac 
Molecular Weight 16.00 

Source Infomiatian Corrsded 
Data 

Diy Basis 

Mass 
Emissioiii 

Rate 
OWhrt 

Mass 
Entission 

Rate 
01^1000 bfueO 

Stack 
Flow 

fdscfm) 

Stack 
Moisture 

Run No. 
Slait-Slop 

Time 
Raw Data 

(ppm) 
1 09:10-10:29 12.1 61,513 1.60 1Z3 1.89 1.8070 
2 1135-13:04 B.1 65.655 150 8.2 1.28 1.2242 
3 1326-14:24 7.6 63.421 1.50 7.7 1.02 0.9795 

Average 9.7 1.40 1.34 

MoWiim Coneetinn 
Cgas(dry)sCgas(wetV{1-(% moisturenoo)) 
Masa Emiaston Ms (IMu) 
E{lljrtii)=Cfla8<diy)*MWoa9*Q8(dscfm)*60S85300000 

Total Hydrocarbon Data Correction 

Plant Name; Moody AFB 
Samclina Loeafion: Siipsticsni * Jntcnneditfc 
Date: Aosm 
F>roiect NurntMr 030197.0002J 
CEM Operator DaoeASen 
PoSutant THC 
Molecular Weight 16.00 

Source Infbmiatlon Corrected 
Data 

Oiy Basis 
(ppm) 

Mass Mass 
Emission 

Rale 
(IttflOOOIbfueO 

Slack 
Flow 

(decftn) 

Slack 
Moisture 

l.;j|lKM>JUII 

Rate 
(IMirt Run No. 

Start-Stop 
Time 

Raw Data 
(ppm) 

1 
2 
3' 

08:36-1032 3.1 282,603 150 ai 229 Z1804 
11:10-13:07 2JZ 292,063 150 22 1.82 1.5549 
13:25-1424 1.5 294.783 1.50 1.6 1.16 1.1031 

Average 2.3 1.69 1.62 

MofeluTfl Correclten 
Cgas(dty}<C93S(wet)/(1-(% moistunyiOO)} 
MasB BnlsaJon Rate WMj 
E(»j/hr>=C8as{diy)*MWgaa*Q»(dsefm)*eQS85300000 

Total Hydrocarbon Data Correction 

Plant Name: Moody AFB 
Sampling (jocation: Amlileiit 
Date: 4/2S02 
Prefect Numljer 030197J00015 
CEM Operator DauxAUn 
PoHutant THC 
Molecular Weight 16.00 

Run No. 
Stan-Stop 

Time 
Raw Data 

(BPm) 
1 
2 _ - 

08:36-09:06 -0.46 
-a48 
-020 

11:01-1130 
14:30-14:59 
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CEM Data Confection Data Sheet 

PlmtName: Moody AFB 
Sampling Location: 
Data: mnoi 
Project Nwnber: 030197.00023 
CEMOperalon DoogADen 

NQx     . 
Molecular WMght 46.01 

Run No. 
Stai^Stop 

Time 
Row Data Calbration Data 

Cma Co Cm 

Soures InfoimaSon 
Sladc 
Flow 

(dacfni) 

Fuel 
Flow 

Calibration 
Cofrecled 

Data 
(%orppni) 

Emission 

(BVhf) 

Emission 

(IfaftOOOIbluel) 
09:10-1029 
iias-iao4 

5^ 
"5.6 

19.9 0^ 185 
19.9 0.5 ia9 

61g13 1J45 55 2.44 2.3380 
55^55 1.045 5.6 2.22 ^1263 

13:^14:24 S.7 19.9 OJ 1S.3 53.421 1.045 6.0 239 ^1887 
5.7 232 25177 

Calibration Error CofracHon 
CgBS=(Coto<k>)*(Cma/(Cm-Co)) 
Mass Emission Rate (Ibftir) 
EOfaArM:gas*MWgas*Qs(dscfm}*6QS85300000 
MassEmlsdonFtelenb^OOOIbfcien 
E(BVMMBIu>£(bAvyFuai flow * 1000 

Pollutant MWgas 
CO 
Ailetfiane 
NQx 
S02 

28.01 
16.00 
46.01 
64.06 

CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
SampTng Location: SupSbPCSm ' JiRtCCt11fiQI8fi9 

Date: V2sm 
Prefect Number 030197iX)02.S 
(£M Operator: DouK Allen 
Polutant NOx 
Molecular Wei£^ 46.01 

FlunNo. 
Start-Stop 

Time 
RawE^rta Caiaxatjon Data 

Cma Co Cm 

Source Infonnafion 
Stack 
Flow 

(dscftn) 

Fuel 
Flow 

(Ifaftir) 

Calt>ration 
ConactBd 

Dtda 
(%orppm) 

Emission 
Rde 

(Ibftir) 

htess 
Emission 

Rate 
flbflOOOIbfuel) 

0B:33-1O-.32 0.80 10.1 -0.2 105 292.603 
11:10-13KI7 0.80 

1,045 1.0 2.03 
10.1 -0.2 10.3 1,045 0.9 1.91 

1.9386 
"1.8295 

13:25-1424 0.80 10.1 -0.1 10.9 294,783 1.045 0.8 1.74 1.6695 
Average 0.9 1.89 15126 

Cgltoration Error Correction 
Csass(ODbs-C6)'(Cma/(Cm-Oo)) 
M8gg Emt^ston Ftatg fltW 
E(t)Air><:gaS*MWgBS*Qs(dsdm)'60/385300000 
Mass Emission Rale (Bi/1000 lb faaH 
E(bMMBtu)-E(lh/hrVFiJel flow * 1000 

Pollutant MWgas 
CO 
Melhaie 
NOx 
S02 

Pft.01 
16,00 
46.01 
64.06 

CEM Data Correction Data Sheet 

HmttName: MoodyAFB 
Sampling Location: AinUent 
Date: 4/2S/0Z 
Prpiect Numbs: 030197.0002.5 
CEM Operator: DongAllea 
Pcdiutant: NQx 
Molecular Weiglit: fSErX 

Run No. 
Start-Stop 

Time 
Flaw Data 

(%orppm) 
Cafflxatian Data 

Cma Co Cm 

CaBxation 
Corrected 

Data 
(%orppm) 

08:36-09:05 -0.04 19.9 02 195 0.00 
11O1-1130 -0.04 19.9 05 18.9 0.00 
1430-14-59 -0.08 19.9 0.3   las 0.00 

Avera( 0.00 

Caliiialion Error Correction 
Cgas^Cob^ConCma/CCnD-Co]) 
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CEM Data Correction Data Sheet 

Plant Mams: Moody AFB 
Saniplinatocallon: Bt^as-Mffitay 
DalK 4/2U92 
Project Numban 0aO197JXn2J 
caiioperalo: DODEAHCH 

Polulant 00 
MolecvlBrWeigtit: 28jn 

Run No. 
Start-Stop 

Tbne 
Raw Data 

jEESi 
CattxaUonDala 

Cma Co Cm 

SoufQg Inftgmatwn 
Slack 
Flow 

(dsctin) 

Fuel 
Row 

CaKnlon 
(vCcrecfeBd 

Data 

Mass 
Entakn 

Rate 

Mast 
Emission 

Rale 
(HiflOOObltiaO 

Oe:3(H»:S4 1774 300.9    -«.0 2S^5 87.364 2.SS0 190.5 72^ 28.4657 
11^2-12:27 17041 300.9    -4.0 2825 83.38S 2J50 183.7 86.80 2&1955 
12:41-12:57 172.0 300.9    -4.0 279:5 82.048 &550 186.8 262187 

Average 187.0 68.75 26J600 

AIB   115:35-15:381        1S6.7| 30O.9I   -4.0| 279.5| 21.3141       2JZ30I 17D.S1        15.851' 7.ioas| 

CnBifflliOn gfmr Cnmicllon 
Cgas==(CDli»C(4*(Cma/(CnvCa)) 
Mii'i riiilBton RateBiSid 
E(»>Aii)=Cgai*MVVsas*Qs((iscftn)-«y3e5300000 
M«eEmlMinnRatBmiM(100htmn 
^ti/MMau)=E(lbAiiVFuel low * 100O 

PahHant MWBaa 
CO 
Methane 
NOx 
SQ2 

ae.01 
1&00 
46.01 
64.06 

CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
Sampling Ijocatlon: SQpQream - MQItify 
Dots: Aoexa 
Project Number a«a970oou 
Ca^Operatoi: DODRADCD 

PoBulant: CO 
MolecUar Weight isxn 

Source Jnfontwdton 

Run No. 
Stait-Skip 

TIma 
Raw Data 

_J2E21 
CaMbcalloii Dala 

Cma Co Cm. 

Slack 
Fkiw 

(tJMJin) 

Fud 
Ftow 

JW«L 

COfTBCted 
Data 

Emisdon 
Rale 

Mass 
Emlsdon 

Rate 
(ibnOOOfctUel) 

0724.09:54 26.9 58.4 -1.1 57.4 554.869 2.550 28.4 26:8227 
10-.33-1227 2S.0 59/4 -1.0 67.3 647.724 2.880 26.6 6326 24.8067 
12:41-14:18 24J 59/4 -1.1 SBJB 530.345 2.550 26.8 61.99 24.3085 

Average 272 84.63 25.3456 

AB   11535-15361 27.4) 59.4|   -1.1|   56.6|" 1772771       22301 29.4|        22.7ir 10.1850} 

fiBltvaBiTn Fffinr f^mrwJInn 

Cgaa-^Cabs^nCmatO"^^)) 
MMMiBnlMlnnRalanbflirt 
E(Mr)°Cgaa'MW8aaMs(dsc»n}<6a/3B5300000 
Htm Fnfttinn Rwln flbflOOQ ti ftien 
E(lbAM4Blu)=E(lbAir)/FueI Bow * 1000 

PoDulant MWgat 
CO 
Methane 
MOx 
S02 

2SJ)1 
'1Bi» 
4801 

CEIA Data CortBCtion Data Sheet 

Plant Name: Moody AFB 
Samping LocalJon: Ambknt 
Dale: 4A64)Z 
Pmisct Number 030197:0002.5 
CEM Operator DowtAOa 
Poautant CO. 
MdeeuJarWdght: 0 

Run No. 
StartStop Raw Data CaltarattonDsta 

l^na Co i Cm 

CaSnUon 
COfTBCtSit 

Data 

0733^)822 -4.1 300.9 -4.0 282.5 0.00 
1025-10-.S4 300.9 282.5 OJO 

0.00 
0.00 

1425-1434 30oa -4.0 279.5 
Averas 

Calhci»«onEmrCotrM«on 
Cgas=(Cob»<:D}-{Cmaf(Cni<:D)) 
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CEM Data Correction Data Sheet 

PtantNams UoodyAFB 
SsmplfHQ Lficatioft EBEilR-MiBt>r; 
Date: «26«2 
ProiectNiHiiber O3O197.0002i! 
CEM Operator DoanAStn 
Pollutant 002 
MolectdarWelgM:                                       | 

Calbiation 
CcfTBCtsd 

Data 

(%orppm) Run No. 

Stait-Siop 
Tbtm 

Raw Deb 

Worppm) 
CaSbration Data 

Cma Co Cm 
1 a8:30-<»-.54 1.3 9.9 0.0 9.9 U 
2 11S2.1227 1.3 9.9 •CA 10.0 1.4 
3 12:41-1257 1.3 -9.9 ■0.1 9.8 1.4 

Aw»age 1.4 

1   A/B   t1S35-15;38|            AS 9.9|   -O-ll     B.8t            4.BI 

Rallhrfltlnfi Pimr QarrecJlnn 

Cgas=(Cobs<:a)''(Cma/{CnvCo)] 

CEM Data Correction Data Siieet 

Plant Name: Moody AFB 
SsmpbiQ Locstiorc Sliptneaa-Miiiiaty 
Date: 4/3602 
Proieet Number oxjyrjooozs 

DoogAIUo 
Pollutant: C02 
MohscularWetllit                                          | 

Calibfation 

Data 
ptorppm) RunNa 

Slart.Stop 
Time 

Raw Data 
(*orppm) 

Calibration Data. 
Cma Co Cm 

1 0754-09:54 0.187 1.01 -O.02 1X0 0.207 
2 10-.33-12a7 0.187 1.01 -0.02 0.S9 0210 
3 1241-14:18 0.191 1.01 -0.02 0.98 0.217 

Average 0.212 

1-  AS   115:35-15:381            0.5 1.0|     0.0|     1.0|            0.6| 

CaBhTgllnngimrCBfiBellnn 
CgasK5ob»<^)*{Cma/(Cm-Co)) 

CERA Data Correction Data Sheet 

Pl^tName: Moody AFB 
Sampling Location: AmUot 
Date: 4«aD2 

{H0197.0002J 
CaiOpsator SoajAUco 
Pofcjtanfc an 
Molecular Weigtit                                          | 

RunNft 
StBit-Stop 

Time 
RawIIata Caiibiation Data 

Cma Co Cm 

CaSbration 
Corrected 

Data 
(Korppm) 

1 07S3-08:22 0;00 9^4 0.00 935 aooo 
10-.2S-1054 Q.O0 9.94 -0.10 9.95 0.101 
1425-1454 -0.03 9.94   -0.10    9.80 0.066 

Average 0.0SS 

Callhfatlon Error Canaan 
Cgas°(Cobs4:o)*CCma;(Cm-Co}) 
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CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
Samplng LocaUoa* £lUuDC " MQutSIV 

Date: 4/2602 

Project Number O3O1W.O002.5 
CEM Operator DongAUca 
PoUlitBflt 02 
iMolacularWelgiit                                       | 

Run No. 
Start^top 

Tme 
Raw Data 

(Sorppm) 
Calbration Data 

Cma Co .Cm 

CaObiation 

Conectsd 
Data 

1 0830-0954 19.2 2ao 0.1 2ao 1S.2 
11i)2-1227 19.2 20.0 0.1 20.0 19.2 

19.2 
19.2 

12:41-1257 19.1 20.0 0.G    20.0 

Avarage 

I   A/B   |lS3S-ia38| 14.41 20.0|     0.6|   20'!or 14.3| 

fyi|Jlht»Hnn Prmr IViiTPirlInn 

C8as={Cob»-ConCtiia/(Cm-Co)) 

CEM Data Correction Data Sheet 

PtartfName: Moody AI>B 
SampSng Location: 5upAU£8in -Auutaty 

Date: 4/26102 

Pro)ectNun*ef: 030197.0002J 
CEM Operator Doug Alien 
Poautant 02 
Molecular Weight                                         | 

Cdbtation 

Data 
(%orppm) Run No. 

Start-.Stn(> 
Tbne 

Raw Data 
(%orppm) 

Cailtifatlan Data 
Cma Co Cm 

1 07:54-09£4 20.B 20.0 -0.5 20.4 20.5 
2 10:33-1227 20.9 20.0 -0.5 20.4 20.5 
3 1241-14:18 20.7 2ao •OS 2ao 20.8 

Aveiage 20.0 

AS   115.35-15:381           20.0 20.01    -0.51   20.01           20.11 

Canbratlon Error CofTBdIon 

CBas»(CDtJ9-Co>*(Cnia/(Cm-Co)) 

CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
Sampling Location: Anibicnt 
Data: Anem 
Project Number 03M97.0002J 
CEM Operator Cot^Allea 
Poilutarvt 02 
Molecular Weigm:                                       | 

Caiftuation 
ConBCfed 

Data 
(%orppm) Ruhl«i. 

Start-Stop 

Time 

Raw Data 
(%orppm) 

Callbiaaan Data 

Cma.. Co Cm 
1 07:53-0822 20.9 2ao 0.1 20.0 21.0 
2 1025-10-5* 203 200 0.1 20.0 20.9 
3 1425-1454 20.9 20.0 0.6 20.0 21.0 

Average 

CaBbtation Error OotrecBon 

Csa5={Cobs-Co)*(Cnia/(Cm-Co)) 
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Total Hydrocarbon Data Correction 

PtantNKne: Moody AFB 
Sampling LocaSon: Ell!!me-Military 
Date: An&KH 
PrpJBCt Number 030197.00025 
CEM Operator: DougABei 
Pollutant ■mc 
MolectJiar Weight lam 

Sourca Informalion ConBCted 
Data 

Dry Basis 
(ppm) 

Mass 
Emission 

Rate 
{H>*r) 

Mass 
Emisson 

Rate 
(bnOOblbfijE^ 

Stack 
Fkw 

(oscrmj 

Stack 
Moisture 

(*) Run No. 
Start-Stop 

Time 
Raw Data 

(ppm) 
1 0B:30-09:54 ZO 873M 150 2.0 0.44 D.1733 
2 11:02-12:27 2.0 83585 1.50 ZO 0.42 0.1654 
3 12:<1-12;S7 2.0 82.049 1.50 2.0 0.42 0.1628 

Averaga iO 0.43 0.17 

I   Are   |15:35-1S3B| 9.1|     21.314|       1.S0| 9.2| 0.49 

Cgas(diyH:sas(wefV(HX moistura^OO)) 
Mass Emlssim Rate Qb/lir) 
E(IWhr)=C9as(diyrMWgas'Qs(dscft7i)*BOraB5300000 

Total Hydrocarbon Data Correction 

Plant Name: ItloodyAFB 
Sampfifig Location:. Slipsuesm • Military 
Date: 4/26/02 
Project Number 030197.0002.5 
CEM Operator DougAUCD 
Pollutant: THC 
MoIeetiarWeisM: 16.00 

Corrected 
Data 

Dry Basis 
(ppm) 

kibss 
Errission 

Rate 
(IWhr) 

Itllass 
Efnission 

Ra&> 
flb/IOOOIbfual) 

Stack 
Row 

(dscfm) 

Slack 
Moisture 

Run No 
Start-Stop 

Time 
Raw Data 

(ppm) 
1 07:54^3834 1.3 554.869 1«) 1.3 1.79 0.7009 
2 10:33-1227 0.7 547,724 150 0.7 OSS 0.3769 
3 12:41-14:18 0.S 530,345 1.50 0.5 0.72 0.2835 

Average 0.8 1.16 0.45 

I   A«   11435-14541 3.2|    177.277|       150| 3.3| 1.45| 

Moishira Cofrectiori 
Csas(diy)=Cgas(wei)/(1-(% moislure/100)) 

E(lbAr)<9as(dry)-MWgas*Qs(dsdni)'«ar3SS300000 

Total Hydrocarbon Data Correction 

PlantName:              MoodyAHB 
SampEiig Localion:    Ambient 
Dale:                               4a6«2 
Prolect Number        030I»7.(M02J 
CEM Operator           DoosAUro 
Poautant                  THC 
MolacularWeiBht          .   16.00 

Run No. 
Start-Stop 

Time 
RawDStn 

(ppm) 
1 07:53-08:22 0.6S 
2 10:25-10:54 0.64 
3 14:25-1454 a79 
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CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
1 'nflW''^p^ * jEAaAflnr 

Date: «2lS«2 
Rc^ctNumjbon (B0197JXXBJ 
CEM Operator DonsADn 
pDDulant: NOx 
^Mect]larWe|^ 46i0) 

SoUfCB IfwfRHOOn CaBxaflon 
Cnredad 

Data 
(%orppm) 

Mass 
Entaian 

Rate 

OUhO 

Mass 
EmtsBiofi 

Rate 
(IbnOOOfcfueO 

stack 

How 

(dsefcrfl 

Rid 
Fkm 

(IMir^ RunNa 
Start-Stop 

Tbns 
RawOBli Calfandion IMa 

Cma Co Cm 
1 06:3(M»£4 15.6 19.9 02 183 87.a6« 2.550 lae ^0.36 4.0633 
2 11^2-1227 1K3 19.9 0.3 19.1 63.385 2.550 15.9 9.49 3.7196 
3 12:41-12*7 15.6 19.9 ai 20.1 82.049 2.550 15.S 9.12 3JS765 

Average 16.0 9.66 3.7865 

I   MB   lisas-isaal 412| 19.9|     on  20.1| 21J14|       2,230{ 41.01        6261 2.8090 

CflHtiratifln EnorPfimfilfin 

Cgas<<Col»Cor(Cnia/(CiivCo)) 
M»wBrilttltinRlltftfltVh) 
E[lbAi()>CgainblWBaa*Qs(d9dmr6QnS5300a00 
MawiFmliwfan Rate (Ifafi OOP fclittiO 
E(feMMBlu}-E{ltifti)JFualllow* 1000 

PeRutant MWgas 
CO 
Methane 
NOx 
302 

26.01 
16.00 
4aoi 
64.06 

CEM Data Correction Data Sheet 

Rant Name Moody An 
Sampkig LocaVon: Sipttrom-Maitaiy 
Date: imxn 
PiploetNunnlier. 030197.00015  . 
CEMOpefain: Doi«Aa« 
Pdlutant: NOx 
Molacularweigtit: 46J01 

RinNa 
StartStop 

Time 
Raw Data CafcraHon Data 

Cm Co 

3ouro> intarnattofl 
stick 
How 

(Osijftn) 

Fuel 
Fkw 

JMfl. 

CaUHralkin 
Cofiacted 

Data 

Macs 
cfiilssion 

Rate 

Mass 
Emission 

Rale 
(fcflOOOIbfael) 

07:5409:54 0.97 iai ■0.1 102 554,869 2.550 1.1 4.31 1.6819 
10:33-1227 0.82 iai -ai 9.6 847.724 2.550 1.1 425 1.6670 
12:41-14:18 0.88 iai     -0.1      92 530,345 2.SS0 1.1 4.09 1.61 

Avenge 1.1 422 1.6548 

I   A»   11535-15:381 1J9| 10.11   -O-ll     92| 1772771       2230| :m_ JS^ 
CaMhrafan gfmr CpfTflcBng 

MMB liiU'ilwilnfi Ram (1M»1 
E|limc)°Coas-MWgas*t}*(dactn)*6W3SS300000 

£{lbAMBtu)=£(lb/hryFiiel low * 1000 

PoHutsnt MWga* 
CO 
Methane 
MOx 
S02 

26.01 
16.00 
46.01 
64.06 

CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
Sampling Ijxalich: AoMcat 
Date: 4a6xa 
Pmjeet Number 
CEM Operator DoogAll« 
Palulant NOt 
MoWoular Weight: «EEF! 

RunNa 
Start-Stop 

Time 
Raw Data 
(%erpyn) 

CaBtMallon Data 

Cma Co Cm 

CaBxalon 

Comsctetf 

1 07:53^)822 -0.09 19L9 02 183 0.00 
1025-1034 ■O.OO 19.9 03 19.1 OJO 

goo 
o.m 

1425-14:54 -0.12 18.9 0.1    20.1 
Averai 

CaBroilon&nirCptregfifln 
Ceas=(CDb»CanC)ina^CnvCo]) 
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CEM Data Correction Data Sheet 

PtantName: Moadjr/Uffi 
Sampfrig Location: Engine-IdlB 
Data: «24nz 
Project Numbon oimmsmis 
CEM Operator: DaanAHa 
PoOulait CO 
MolecuterWeight 28.01 

Source Infunnalluii CaEbrsfion 
Conscied 

Data 
(%orp(m) 

Mass 
Emission 

Rata 

litess 
cmssion 

Rats 
(nVIOOOfefuaO 

Slaidc 
Flow 

(dacfm) 

Fim 
Flow 

Run No. fkne 
Raw Data 

fppm) 
CaUbradon Data 

Cma Co Cm 
1 0827-10:46 688.6 S02.8 -aa 890.0 34,326 525 rae.6 104.59 199JZ232 
2 12M-14:19 674.3 447.8 as 436.5 32.817 525 %2.0 89.05 188.6746 
3 1555-1634 668.3 447J -0.6 4345 32.605 525 688.4 97.91 186.4898 

Averaga 893.0 100.52 191.4626 

Callbrjlhn Error CofTwiinn 

Mass EmiBsiiiirFiato Btftirt 
EObfhr)-Cgas*MW9aaXls{dscfm)*60/385300000 
Masii Emimian Rate {bflPPP lb ftieO 
E(IIiMMBIu}=E{b/hrVFuei flow* 1000 

CEM Data Correction Data Siieet 

Pdutant MWgas 
CO 
Methane 
NOx 
S02 

28 A1 
16 00 
46.01 
64.06 

Plant Mama: MoodjrAFB 
Sampling LocaSon: SIi{isttcaBi - Ifllft 
Data:   - AnAKS 
Prefect Number 030197.00015 
CEM Operator Doug Ala 
FDlutant: CO 
Molecular Weli^ 2Xm 

Source Informafion (^brstion 
Corrected 

Data 
(*orppm) 

Mass 
EirUsdan 

Rats 

mm 

Mass 
Emisftltsn 

RMa 
(IbMOOOibhieO 

Stack 
Flow 

(decfm) 

Fuel 
Flow 

PWhi) Run Ma 
Start-Stop 

Hme 
Raw Data 

(ppm) 
CaUbraOon Date 

Cma Co Cm 
1 0732-10:48 202.6 3003 -4.0 289.0 155,513 S2S -    2122 143.92 274.1393 
2 1126-1421 17B.9 300.9 -tja 292.0 132,932 525 186.9 108.37 206.4107 
3 1635-16:54 161.8 300.9 ■4ja 205.5 67.668 525 166.6 49.18 93.6726 

Average 188.6 100.49 191.4075 

frfiBhrffllrBi Eimr CnnaftM 
Cgass{Cab»Co)*(Cmaf(Cnt.Co)] 
MnssFmlsfilcnRateflMrt 
E(|bflw)=Cgas*MWBas*C)8(dscfrn)*6aQ85300000 
MBasEmlsshn.Rate(lbflOIMIbfueB 
EpfaMMBtu)=E(Bi/h^uel flow* 1000 

CEM Data Correction IJata Sheet 

Pollutant MWgas 
CO 
Methane 
ffCK 
S02 

2B.01 
16J» 
46.61 
64.06 

Plant Nama: 0 
SfflT^mflQ LOCSDOUT 0 
Otte: 40«D2 
Pnvsct Number 0 

0 
Pollutant: CO 
Uotectiar Weight 0 

Cafltxalion 
Coneeled 

Data 
Worppm) Ron No. 

Siait-Stop 
Time 

Raw Data 
(ppm) 

CaUbcabon D«a 
Cma Co Cm 

1 0000 0.0 902.8 ■M 890.0 OJO 
2 0000 oja 447.8 03 436.5 0.00 
3 0000 0.0 447.8 -03 434.5 0.62 

Avaiai 0.31 

CaHbrallonEmrCnmiraSnn 
C^as°(Cobs-Co)*(Cm8^Cm-Co)) 
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CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
Sampling Location: Engine-Idle 
Date: 4/24/02 
Project Number 030197.0002.5 
CEM Operator Doog Allen 
Pollutant C02 

iMolecular Weight: 
CaEbration 
Corrected 

Data 
(%orppm) Run No. 

start-stop 
T«ne 

Raw Data 
(%orppm) 

Calibration Data 
Cma Co Cm 

1 08:27-10:46 0.6 9.9 0.0 9.8 0.6 
2 12:00-14:19 0.6 9.9 -0.1 9.9 0.7 
3 15:55-16:54 0.6 9.9 -0.2 9.9 0.7 

ction 

Average 0.7 

Calibration Error Cgrre 
Cgasi=(Cob&<:o)*(Cma/{Cm-Co)) 

CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
Sampling Location: Slipstream - Idle 
Date: V2Am 
Project Number 030197.0002J 
CEM Operator Doug Allen 
Pollutant C02 

IMolecular WeiglTt 
CaKbration 
Corrected 

Data 
(Sorppm) Run No. 

Start-Stop 
Time 

Raw Data 
{% or ppm) 

CaHbration Data 
Cma Co Cm 

1 07:52-10:48 0.204 1.01 -0.03 0.99 0.231 
2 1126-14:21 0.203 1.01 -0.03 0.98 0.231 
3 15:55-16:54 0.181 1.01 -0.02 0.98 0.207 

EBOQ 

Avei -age 0.223 

C«llh™tlnnEr™rCorr« 
Cgas=(Cobs-Co)*(Cma/(Cm-Co)) 

CEIM Data Correction Data Sheet 

Plant Name:                               0 
Sampling Location:                       0 
Data:                                 4/24/02 
Project Number:                           0 
CEM Operator                           0 
Pollutant                    C02 
Molecular Weight 

Calibration 
Confected 

Data 
(%orppm) Run No. 

Start-Stop 
Time 

Raw Data 
(%orppm) 

CaEbration Data 
Cma Co Cm 

1 0000 0.00 9.94 0.00 9.80 0.000 
2 0000 0.00 9.94 -0.10 9.85 0.100 
3 0000 0.00 9.94 -0.15 9.90 0.148 

Average 0.083 

Calibration Error Conreetion 
Cgas={Cobs-Co)*(Cma/(Cm-Co)) 
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CEM Daia Correction Data Sheet 

Plant Name: Moody AFB 
SampBig LocaBon: Engjne-Idle 
Date: Amm 
Pn^ect Number 030197.0002^ 
CEM Operator DougAnen 
Polhiiant 02   . 
Molecular Weight                                     | 

RunNg 
Start-Stop 

Time 
Raw Data 
(%orppni) 

CatibraHon Data 
Cma Co Cm 

Calibrafion 
CoiTBCted 

(% or ppm) 
1 0827-10:46 19.9 20.0 0.1 19.9 20.0 

12^0-14:19 19.S 20.0 0.1 19.9 19.9 
1555-16:54 19.7 20.0 0.1     19.8 19.9 

Avoage 19.9 

CalbfafenEnwCpfrection 
Cgas»(Cob»Oor(Cma/(Cni-Co)) 

CEM Data Correction Data Sheet 

Plant Name: MoodfAFB 
Sampflns Location: Slipstieam - Idle 
Date:   . «2Am 
Project Number 030I97.00Q2J 
CEMOperaton DongAlko 
PoSutant 02 
iMolecularW^gtit                                          | 

Run No. 
Start-Stop 

Tkne 
Raw Data 
(%orppm) 

CaKbraiion Data 
Cma Co Cm 

Calibrafion 
Corrected 

(%orppm) 
07:52-10:48 20.8 20.0 -0.3 20.1 20.7 
1126-1421 20.8 20.0 -0.4 20.1 20.7 
15:55-16:54 202 20.0 •0.5    19.8 20.4 

Average 20.6 

CaBbration Enmr CofTBClion 
Cgas=(Co'»Co)'{Cma/(Cm-Co)) 

CEM Data Conrection Data Sheet 

Plant Name: 0 
SampSng Location: 0 
Oats: 4r»ffa 
Project Number 0 
CEM operator. 0 
Poikitant 02 
MtriseularWel^                                          | 

Callbrafion 
ConedBd 

Data 
(%orppm) Run No. 

Start-Stop 
Tune 

Raw Data 
(%orppm) 

CaUbraHon Data 
Cma Co Cm 

1 0000 0.0 - 20.0 0.1 19.9 0.0 
2 0000 0.0 20.0 0.1 19.9 0.0 
3 0000 0.0 20.0 0.1 19.8 0.0 

Avei rage 0.0 

CaBbration Error Corpectloa 
Cga®={Cob*ConCma/{Cm-Co)) 
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Total Hydrocarbon Data Correction 

Rant Name: Moody AFB 
Samplinq LocaOon: Engine - Idle 
Date: 4/24/02 
Piolect Numl)er 030197.0002J 
CEM Operator DougAOen 
Pollulant THC 
Molecular Weiqtit 16.00 

Source Informaiion CoTTBCted 

Data 
Diy Basis 

(ppm) 

Mass 
Bnlsslon 

Rate 
(ItVhr) 

Mass 
Emission 

Rate 
(lb/1000 lb tuel) 

Slack 
Row 

(dsdtn) 

Stack 
Molsturs 

Run No. 
Start-Stop 

Tkne 
Raw Data 

(ppm) 
1 0827-10:46 1793 32,899 1^ 18Z5 14.96 28.5006 
2 12:00-14:10 1655 30.116 150 157.9 1155 225656 
3 15:55-16:54 141.6 28.868 150 143.7 10.34 19.6881 

AvoBge 161.4 1258 23.58 

Motstiire CpfTBcHon 
Cgas(dry)=Cga8(we9/{1-(% moteturartOO)) 
Ma.ss Emission Rats fltvhr) 

E{lh/hr)=Cgas{dry)*MWgas*Qs(dscIm)*60/385300000 

Total Hydrocarbon Data Correction 

Plant Name: Moody AFB 
SampSng Location: SlipsDeam-Idle 
Date: 4/24A)2 
Protect Number: 030197.0002.5 
CEM Operator Doug Allen 
Polulant THC 
Molecular Weight 16.00 

Source Infomiatlon Corrected 
Oala 

Diy Basis 
(ppm) 

Mass 
Emisskxt 

Rale 
flWhil 

Mass 
Emisshxi 

Rale. 
(Bi/lOOOlbftjel) 

Slack 
l=low 

(dscfm) 

Slack 
Moteture 

Runl>Jo. 
Start-Stop 

Time 
Raw Data 

Ospm) 
1 07:52-10:48 41.4 93,842 150 42.0 9.82 18.7015 
2 1126-14:21 35.8 94,610 150 36.1 a5i 162105 
3 1555-16:54 28.3 105,541 150 28.7 756 14.3949 

Average 35.6 8.63 16.44 

Molslijm Con'agHon 
Cgas(dry)=Cgas(wet>/(1-(% moisluiB/100)) 
Mass EnHsston Rate (Ibflir) 

EOb/hr)-Cgas(dry)'MWgas'Qs{dscftn)*6a/385300000 

Total Hydrocarbon Data Conrection 

Plant Name:             Moody AFB 
Sampling Location:     Ambient 
Date:                            4/24AQ 
Project Number        03019750025 
CEM Operator           Doag ADen 
PoMant:                  THC 
MolecularWelgtit              16.00 

Run No. 
Slart-Stnp 

Time 
Raw Data 

(ppm) 
1 07:62-0821 1.78 
2 1126-1155 -4.72 
3 1520-15:49 -9.91 
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CEM Data Correction Data Sheet 

PlartfName: Moody AFB 
SampRng Location: EDgme - Idle 
Dale: 4/24A)2 
Project Number (BOI97.000i5 
CEMOpsraiof: Doug Allen 
Poilufant NOc 
Molecular Weight 46.01 

Run No. 
Start-Stop 

Time 
Raw Data 

(%orppm) 
Calibration Data 

Cma CD Cm 

Sounw Infbmiation 
Stack 
Row 

(dsctm) 

Fuel 
How 

Qbffirj 

CaEbration 
Coirectad 

Data 
(%orppm) 

Emission 
Rate 

(Itohr) 

Mass 
Emission 

Rate 
pyiOOOftifueO 

0827-10:46 3£ 19.9 0.2 19.9 34.326 S25 3.4 0.83 15858 
12:00-14:19 3.8 19.9 05 19.4 32,817 525 3.7 0.86 1.6428 
15:55-16:54 3.7 19.9 0.2 18.8 32,605 525 3.7 0.87 1.6661 

Average 3.6 0.86 1.6315 

Calibration Error Coneelion 
CBas=(C<*»Co)*{Cma/(Cm-Co)) 
Mass Emisaion Rate flbffirt 
E(IWhr>=Cgas*MWgas*Qs(dscfm)*aj«853O0000 
Mass Eirtssion Rate fIIV1000 lb fuel) 
E(lb/MMBtuH£(ib/hr)/Fuel fkw ' 1000 

Polluiant MWgas 
CO 
Methane 
NOx 
302 

28.01 
moo 
46.01 
64.06 

CEM Data Correction Data Sheet 

Bant Name: Moody AFB 
SampTing tocalion: Slipstream-Idle 
Date; 4/24A)2     . 
Pixjject Number 030197iX)O2.5 
CEM Operator DoDg Allen 
PoButart: NOx 
Molecular Wei^: 4«.0I 

Run No. 
Start-Stop 

Time 
Raw Data 

(%orppm) 
Calibration Data 

Cma Co Cm 

Source Infwmation 
Stack 
Flow 

((facftn) 

Fuel 
F=low 

(BVhr) 

Calibration 
Conected 

Data 
(%orppm) 

Emission 

(Ibffir) 

Emis^on 

QbrtOOOIbfueO 
07S2-10:48 0.40 10.1 -0.2 9.6 165,513 
11:26-14:21 

5^ 0.6 0.63 1.2032 
0.40 10.1 -0.1 9.8 132.932 03 0.44 0.8329 

15:55-16fi« 0.40 10.1 0.1 8.6 67,668 525 0.4 0.18 0.3349 
0.5 0.41 0.7903 

C^'brafon Error Coirwlfon 
Cgas=(Cobe-Co)*(Cma/(Cm-Co)) 
Mass Emission Rale (ltVhr> 
E(lb/lv)=Cgas*MWga5*Qs(dscfm)''6tV385300a00 
Mass Emls^on Rate fllVIOOO lb ftien 
E(S>MMBtu}=£(lbmryFuel flow * 1000 

Pollutant MWgas 
CO 
Methane 
NCte 
S02 

28.01 
16.00 
46.01 
64.06 

CEIM Data Correction Data Sheet 

Plant Name;                            0 
Sampfing Location:                  0 
Data:                                4/24/02 
Preyed Number                      0 
CEMOperaton                         0 
Poilufant:                  IKtu 
iWolecularWeiEW:         JREF! 

Cafibratbn 
Coneded 

Data 
(%orppm) Run No. 

»art-Stop 
Time 

Raw Data 
(%orppm) 

CaQ»afion Data 
Cma Co Cm 

1 
2 
3 

0000 0.00 19.9 0.2 1S.9 0.00 
0000 O-op 19.9 0.3 19.4 0.00 
0000 0.00 19.9 0.2 18.8 0.00 

Avarag 0.00 

Calibration enorOorrBcSoo 
Cgas^Cobs-ConCma/lCm-Co}) 
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CEM Data Correction Data Sheet 

Ram Name: Moody AFB 
Sampling Location: ciffiinc ~ TFtf^/iy"ifl4y 
Date: 4/2SA)2 
Project Numben 030197.000Z5 
CEMOperolai: Doag Alien 
Polutant: CO 
Molecular Weight 28.0! 

Run No. 
Start-Stop 

Time 
Raw Data CaBfaralion Data 

Cma CO Cm 

Source Information 
Stack 
Row 

(dsciin) 

Fuel 
Flow 

Caiitxation 
Comsded 

Data 
Emission 

Rale 
(fcff>r) 

Emission 
Rats 

(BVIOOObfueQ 
09:10-1039 202.4 447^ -4.0 420S 78,902 1,045 217.7 74.94 71.7121 
1135-13.-04 194.5 447J -4.0 418.5 76,060 
1355-1424 

1X)45 210.4 69.79 66.7804 
190.7 447.8 -4.5 418S 74.072 1,045 206.7 66.77 63.8993 

Avetage 211.6 70.50 67.4640 

GalHyatipnEfrofCQTWclign 
CBas=(Cobs<V>)*(Cma/(Cm<k))) 
Mass Emission Rate flfa/hrt 
E(bihr}-Cgas*MW9as*Qs{dac(m}*6Q/385300000 
Mass Emission Hate nii/1000 Hi fuen 
E(lt>/MMBtu)«E(lb4vVRNl llow * 1000 

MWnas 
CO 
Methane 
NOx 
S02 

2aoi 
16.00 
46.01 
64.06 

CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
Sampling Ljocalion: Slipstream - Intennediate 
Date: 4/25/02 
Project Numt)ec OM197.0002Ji 
CSkI Operator DoagAUen 
Potutant: CO 
MalecuiarWei^it: 28.01 

Caibtation 
Corrected 

Data 
(%orppm) 

Mass 
Emis^on 

Rate 
(bftit) 

Mass 
Emisslan 

(1)^ 000 lb fuel) 

Stack 
Row 

(dscfm) 

Fuel 
Fkmr 
(IVhr) FlunNo. 

Start-Stop 
Time 

Raw Data 
(ppm) 

Calibration Data 
Cma Co Cm 

1 0836-10:32 39.0 69.4 •1.2 57J0 328,584 1,045 41J) 58.79 56.2623 
2 11:10-13:07 37.0 59.4 -12 65.9 328,688 1,045 39.7 56.97 64.5176 
3 1335-14:24 35.7 69.4 -13 54.8 32a736 1,045 39.1 56.13 53.7170 

40.0 57.30 54.8323 

CaBbratlon Ermr Cofneelion 
Cgas>(Cob»Oo)*(CmB/(Cm-Co)) 
Mass Ennlssion Rate {tblht) 
E(i>Vhr}.CgaB*MWgas*Qs(dGCtnn)*6Q'385300000 
Mass Emisston Rate ffla/IOOO lb fuel) 
E(lltfMMBtu>>E(lb/hr)/Fuel flow * 1000 

Po«utant MWgas 
CO 
Methane 
NOx 
S02 

28.01 
16X» 
46.01 
64.06 

CEM Data Correction Data Sheet 

PiamName; Moody AFB 
Sampling lj>cation: AmUsot 
Date: msm. 
Pn^ect Numben O3OI97.0002.5 
CEM Operator DooKAIlea 
Pollutant: CO 
/lolecular Weight: 0 

Run No. 
Start-Stop 

rime 
Raw Data Calbratkn Data 

Cma Co     Cm 

CafixaHorT 
Con9ctad 

Data 

03:36-09.1)5 -4.1 447.8 -4.0 420.5 0.00 
11:01-1130 -4.1 447.8 •4.0 418.5 0.00 
1430-1459 -4.5 4473     -4.5 4185 0.00 

Avera^ 0.00 

Cp|lt>mft?n EiTPf gptrgcfon 
Cgas-{Cobs<>))*(Cma/(Cm-Co)) 
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CEM Data Correction Data Sheet 

Plant Name:              Moody AFB 
Sampling Locafiorc     Eamt - Intennediate / 
Date:                                 A/2S/02 
PnSectNumben        030197.0002^ 
CEM Operator:           Done Allen 
Pollulant                   XXa 
Molecular Weight 

Calttiration 
Corrected 

Data 
(%orppm) Run No. 

start-stop 
Time 

Raw Data 
{%orppm) 

CalSiratJon Data 
Cma Co Cm 

1 
2 
3 

09:10-1029 
11:^-13:04 
13-25-1424 

0.6 9.9 •02 10.1 0.8 
0.6 9.9 ■03 10.0 0.8 
0.6 9.9 ■03 10.0 0.9 

Ava ■e^ 0.8 

Caiibfatjon Error Cprrectioh 
Cgas=(Coi»0))*(Cma/(Cm-CD)) 

CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
Sampling Location: 
Date: 4mm 
Profeot Number: Q3O197.00O2J 
CEM Operates: I>ooK Alien 
Pollutant C02 
IMolectdar Weight                                           1 

CaHnation 
Corrected 

Dala 
(%ffl-ppm) Run No. 

Start-Stop 
Time 

Raw Data 
(%orppm) 

CalbrattonOata 
Cma Co Cm 

1 08:36-10:32 0.132 1.01 -0.03 0.98 0.159 
2 
3 

11:10-13:07 0.134 1.01 -0.02 0.97 0.159 
1325-1424 0.135 1.01 -0.02 0.97 0.158 

Average 

Caltoration EmyCotreeiInn 
Cgas=(Col»<!or(Cma/(Cm<to)) 

CEIUI Data Correction Data Sheet 

Plant Name: Moody AFB 
AnuRcnt 

Date: V2sm 
Prolact Number 030197iX»2.5 
CEMOperaton DoasAlleii 
Pollutant C02 
IMolecuIar Weight                                         \ 

CaBbratftxt 
Corrected 

Date 
(%orppm) Run No. 

Start-Step 
Time 

Raw Data 
(%orppm) 

CalibraticmData 
Cma Co Cm 

1 
2 

0856-09:05 ■O.03 9.94 -0.15 10.05 0.112 
11:01-11.-30 .a07 9.94 -025 10.00 0.179 

. 3 14:30-14:59 -0.09 9.94 -0.30 10.00 0203 
0.165 

Caltoratlon EnorCoirBclion 
C8asKCoi3s-Co)*(Cma/(Cm-Co)} 
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CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
Sampling Location; Engine - IntennuEate 
Date: 4/25/02 
Project Number 030I97.0002J 
CEM Operator DOUR Allen 
Pollutant 02 
iMolBCular Weight                                         1 

Calbration 
CotiBCted 

Data 
(%orppm) Run No. 

Statt-Stop 
Vme 

BawData 
(%orppm) 

Calibration Data 
Cma Co Cm 

1 
2 
3 

09:10-1029 
1135-13K)4 
13:25-1424 

19.9 20.0 0.1 19.8 20.1 
19.8 20.0 0.1 19.8 20.0 
19.8 20.0 0.1 19.8 20.0 

Average 20.0 

Calibration Error Conrection 
Cgas=(Cot»s-Co)*(Cma/(Cm-Co)) 

CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
Sampiinq l.ocation: Slipstream - Intermediate 
Date: 4/25/02 
Project Number 030197.0002.5 
CEM Operator Dong Allen 
Pollutant 02 
Molecular Weiqht                                       1 

Run No, 
Start-Stop 

Time 
Raw Data 
(%orppm) 

Caltoratlon Data 
Cma Co Cm 

Calibration 
Comected 

Data 
(%ofppm) 

08:36-10:32 21.1 20.0 -0.5 21.0 20.1 
11:10-13:07 20.8 20.0 -0.5 20.8 20.0 
1325-14:24 20.6 20.0    -0.5    20.5 20.2 

Average 20.1 

Cant)ration Enor Corredion 
Cgas=(Cobs-Co)*(Cma/{Cm-Co)) 

CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
Sampling Location: Amtneot 
Date: 4/25/02 
Project Number 030197.0002.5 
CEM Operator: Dong Allen 
Pollutant 02 
Molecular Welgtit                                         1 

Run No. 
Start-Stop 

Time 
Raw Data 
(%orppm) 

Calibration Data 
Cma Co Cm 

CaHbraUon 
Corrected 

Data 
(%orppm> 

0836-09:05 20.9 20.0 0.1 19.8 21.1 
11:01-1130 20.9 20.0 0.1 19.8 21.1 
1430-14:59 20.8 20.0 0.1 19.8 21.0 

Average 21.1 

galtoratjon Error Cofrectfon 
Cgas=(Cobs-Co)*(Cma/(Cm-Co)) 
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Total Hydrocarbon Data Correction 

Plant Name: MoodyAI^ 
Sampling LoctAon: Eo^iiie - Imennedlate 
[)ate: Ansm 
Piofect Number 030197.000Z5 
CEMOpsraion Dong Allen 
Pollulant THC 
IMolacular Weight 16.00 

Souice InfoimaUon ConBcted 
Data 

Dry Basis 
(PPm) 

Mass 
Emission 

Rats 

Mass 
Emission 

Rale 
(SaTIOOOIblueD 

Stack 
Ftow 

(ciscfni) 

Stadc 
iMoisiure 

Run No. 
SbrtStop 

Ttnw 
Raw Data 

<ppro) 
1 09:10-1029 12.1 78,802 2.00 12.4 2.43 2.3297 
2 1135-13SM g.i 76.00) ^00 9.3 1.76 1.6816 
3 13:25-1454 7.6 74>072 2.00 7.7 1.43 1.3651 

Avetage 8.8 1.87 1.79 

MttehireCoirectlon 
Cgas(clr^sCgas(wsO/(1-(% mofeture/100)) 
Mass emteaon Rate (ll?/hr) 
E(BVhi>i=Cgas<diy)*MWgas*Qs(dscfm}*6Q/385300000 

Total Hydrocarbon Data Correction 

Rant Name: MoodyAFB                1 
SamrdingL.ocatlon: Slipstream - Intermediate 
13ate: 4/2V02 
Pro|ectNun*er: 030197.0002.5 
CEM Operator Dong Allen 
Polutant: Tec 
Molecular Weight: 16.00 

Source InftHmatkn ConectBd 
Data 

Dry Basis 
(ppm) 

Mass 
Emisslan 

Rate 
(IWhrt 

Mass 
Eirission 

Rale 
(lb/1000 lb fuel) 

Stack 
Flow 

(dscfm) 

Stack 
Moisture 

Run No. 
Start-Stop 

Hme 
Raw Data 

(Ppm) 
1 

— 2 
08:36-10.-32 ai 328.584 2.00 3.Z Z58 2.4723 
11:10-13:07 22 328.688 ZOO 2.2 1.84 1.7588 

3. 1325-14:24 1.5 328.736 2.00 1.6 129 12365 
Avanage za 1.90 1.82 

Moisture CoiTeclton 
CgasCdiy^sCgasCweMI-C^ moisture/100)) 
Mass Emission Rate (ItVhr) 
E(lbAv)sCgas(d>^*MWgas*Qs(dscfm}*6a/385300000 

Total Hydrocarbon Data Correction 

PiartName: Moody AFB 
Sampling LcxalkHi: 
Date V2Sm 

030197.000Z5 
CEM Operator: DougASen 
PoBidant: THC 
Molecular Weight 16.00 

Run No. 
Start-Stop 

T»ne 
Raw Data 

(ppm) 
1 08:3609:05 •0/45 
2 11i)1-1ia0 -0.48 

14.-30-14S9 -020 
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CEM Data Correction Data Sheet 

Plant Name: Moody AEB 
Sampling lx)cation: Engine • Intennediate 
Date: 4/25/02 
Project NumtJsr 030197.0002.5 
CEM Operator: Dong Allen 
Pollutant: Nftt 
Molecular Weight: 46.01 

Source Infofmation Calibration 
Collected 

Data 
(% or ppm) 

Mass 
Emission 

Rate 
(IWhr) 

Mass 
Emission 

Rate 
{lb/1000 lb fuel) 

Stack 
Row 

(dsofm) 

Fuel 
Flow 

(Ib/hr) Run No. 
Start-Stop 

Time 
Raw Data 

(%orppm) 
Calibration Data 

Cma Co Cm 
1 09:10-1029 5.5 19.9 0,2 19.6 78,902 1,045 5.6 3.13 2.9989 
2 11-35-13:04 5.6 19.9 0.5 18.9 76,060 1,045 5.6 3.04 2.9059 
3 1355-14:24 5.7 19.9 0.3 183 74,072 1,045 6.0 3.17 3.0348 

Average 5.7 3.11 2.9798 

Callbratbn Error Correction 
Cgas=(Cobs-Co)*(Cnia/(Cm-Co)) 
Mass Enii??ion Rale (ibfhr) 
E(lb/hr)-Cgas*MWgas*Qs(dscfm)'60/38S300000 
Mass Emission Rate Ob/IOOO lb faen 
E(Ib/MMBtu)=E(lbmr)/Fual flow * 1000 

Pollutant MWgas 
CO 
Methane 
NQx 
802 

28.01 
16.00 
46.01 
64.06 

CEM Data Correction Data Sheet 

Plant Name:               Moody AFB 
Sampling Location:     Slipstream - Intennetliaie 
Date:                                4/25/02 
Project Number:         030197.0002.5 
CEM Operator:           Doug Allen 
Pollutant:                  NQx 
Molecular Weight                45.01 

Source Information Calibration 
Connected 

Data 
(%orppm) 

l^tess 
Emission 

Rate 
flb/hr) 

Mass 
Emission 

Rate 
(IfVIOOO b fueO 

Stack 
Row 

(dscfm) 

Fuel 
Flow 
flWhr) Run No. 

Start-Stop 
Time 

Raw Data 
(%orppm) 

Calibration Data 
Cma Co Cm 

1 08:36-10:32 0.80 10.1 -0.2 10.2 328,584 1,045 1.0 2.28 ^^770 
2 11:10-13:07 0.80 10.1 •0.2 103 328,688 1,045 0.9 2.15 2.0590 
3 13:25-14:24 0.80 10.1 ■0.1 10.9 328,736 1,045 0.8 1.95 1.8618 

Average 0.9 2.12 2.0326 

Calibration Eripr_Cs!iesaiffli Pollutant MWgas 
Cgas=(Cobs-Co)"(Cma/(Cm-Co)) 
Mass Emission Rate fib/hrl 
E(lbiftir)=Cgas-MWgas*Qs(dscfm)-60ra853OOO00 
Mass Emissipp Rat? W^(m lb fuel) 

CO 
Methane 
NOx 
S02 

28.01 
16.00 
46.01 
64.06 

CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
Sampling Location: Ambient 
Date: 4/25/02 
Project Number: 030197.0002.5 
CEM Operator Doog Allen 
Pollutant: NOx 
Molecular Weight: 46.01 

Run No. 
Start-Stop 

Time 
Raw Data 

(%orppm) 
Calibration Data 

Cma Co Cm 

Calibration 
Conected 

Data 
(% or ppm) 

0836-09;06 
li;01-li:30 

-0.04 19.9 0.2 195 0.00 
-0.04 19.9 0.5 18.9 0.00 

14:30-14:59 -0.08 19.9      0.3    183 0.00 
Averaj 0.00 

Calibration Error Correction 
Cgas=(Cobs-Co)*{Cma/(Cm-Co)) 
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CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
Eo^lIS-Miliaijr 

Oats: W6Ka 
Project Nuniter 030197.00015 
CEMOpeiBtor. Doug Alia 
Psgutant CO 
Molecular WMgM: Z&ffl 

Run No. 
Start-Stop 

Timo 
Raw Data Calbratlon Dala 

Cma Co     Cm 

Source liifuiMUiUon 
Stack 
Flow 

(daefm) 

Fuel 
Flow 

CaSbiaHon 
Coneded 

Data 

Mass 
EinlsdDn 

Rate 

_2MHl 

Mass 
Emission 

Rate 
ffirflOOOlbliiel) 

1 06:3IH)9:S4 177.4 300.9 ^.0 2S^5 84,623 2,550 190.5 78.62 30.8311 
11:02-12:27 170.9 vsoa -4.0 282.5 82.198 &550 183.7 73.88 28.9641 
12:41-12:57 J72.0 300.9 279.5 92.391        2,550 185.8 75.28 29.5233 

Avoags 187.0 7SJ2 29.7728 

I   A« 115:35-15:381        156.71 300.91   -4.012re!5r 

fJnflhraWnnFmTrf^nlTwrilnn 
Cgas=(Cobs-Co)'(Cina/(CiTi-Co)) 
Mgs&rftsiiwRatePWW 
E(lbftii)sC^as<MWgas:Q${dsclin)-6W3e5300000 

E(UVMMBki)^(|b/hryFuel llimr * 1000 

24,4931       2,2301 170.51        18321 BLIBBTI 

Poltufant MWgas 
CO 
Matttana 
NQx 
S02 

28,01 
16.00 
46.01 
64.06 

CEM Data Correction Data Sheet 

Plant Name: Moody AFB 
Santplins Location: SUpsttcaB-MiStary 
0^: *n6iat 
Prefect Number OXWSXKIIS 
CEMOpetalor DoqeAUa 
PoOBlant- CO 
MoieciilarWeigtit 28.01 

RinNa 
Start-Slop 

Tims 
RswOsIa 

(ppm) 
CalSxaflon Dala 

Cma Co Cm 

Source InfcwTnaMon 
Stack 
Fto* 

(dsdm) 

Fuel 
Flow 

Calit)ra8on 
Corrected 

Data 

Mass 
Emlssjcn 

Rate 
(Ib/hr) 

Mass 
Emission 

Date 
(fcAIOOOfcfiiel) 

07:5409:54 26.9 59.4 -1.1 57.4 3S4.726        2J50 28.4 45.13 17.6968 
10:33-12:27 25.0 59.4 -1.0 67.3 2.550 26.5 44.96 17.6296 
12:41-14:18 24.9 59.4 -1.1 sao 1.151^54 2.550 26.8 134.59 S2.7B17 

Average 27.2 74.89 29.3694 

I   A«   H5:35-15:38| 27.4) S9.4|   -1.11   sEST 193,4021       2^301 29.41        24.781 11.11131 

fiaftfaflnn Error Conadiflii 
C8as>(Cal)»Co)*(Cma/(CnvCo)) 
MiriiF=ii*«innRfltentiftii) 
E<M*)>Cgas'MWBaS^)s(dscimr80/385300000 
MMaEinfaBlonRatBflWIQMIbluan 
E(i)MMBIu)»E(lt)/hi)(Riel (low* 1000 

Poautanf MWgas 
CO 
Methane 
NOx 
S02 

7801 
16.00 
48u01 
64.06 

CEM Data Correction Data Siieet 

Plant Ninw: Moody AnB 
Sampling Locatian: AmbiEm 
Date: 4/2002 

030197.0002^ 
CEM Operator DmgABai 
PoBulant: CO 
MolectilsrWeigH: 0 

Run No. 
Start-Stop 

Time 
Raw Data 

(ppm) 
Cantnafion Data 

Cma Co Cm 

C^txaiian 
Corrected 

Data 

0723-0822 ■4.1 -4.0 232.5 0.00 
10:25-10:54 300.9 -4i) 282.5 goo 

0.00 
0.00 

1425-14*4 -4.1 300.9 -4.0 279.5 
Averaj 

Calilwafinn Fmirf:nm-n«nn 

C%3s=(Cobs-Conc<n»'(Cn><^)) 
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CEM Data Correction Data Sheet 

Plant Name:              Moody AFB 
Sampfins Location:     Engine-MiDtay 

Date:                              4/2M12 
Pn^ect Numbon        030197X0023 
CEMOperalor          JDoug Alien 
Pollutent                   (302 

MolBcularWal^ 

CaHbrBtion 
CormcbNl 

Data 
{%orppm) Run No. 

Stat-Slop 
Time 

Raw Data 
<%orppm) 

Calbratian DalB 
Cma Co Cm 

1 08:30-0954 1.3 9.9 0.0 9.9 1-3 
2 llffl-1227 1.3 8.9 -ai 10.0 1J» 

3 12:41-1257 13 9.9 -ai 9.8 ^A 
Average \A 

1   fiJB   115:35-15:381             4.6| 9.9|   -0.11     9.8|            4.61 

CanbraHt rtlon 
Cgas^KCobfrConCma/CCm-Co)) 

CEM Data Corraction Data Sheet 

FHantNams: Moody AFB 

Slipttrcaan-MfiitnT 
Date: wsm 
pR^ed Number O3O1J7.O0O2J 
CEMOpeiator DoogADea 

Pollutant 002 
iMolecularWblgtit                                           I 

RunNa 
Start-Stop 

TIma 
Raw Data 
(%orppm) 

CalfciBlion Dala 
Cma Co Cm 

Callbiallan 
Corrected 

Data 
(%orppm) 

0754-0954 0.187 1.01 -0.02 14)0 0.207 
10-J3-1227 0.187 1.01 -a02 OJBB 0.210 
12:41-14:18 0.191 1.01   -a02 0.96 0.217 

Averaoe 0.212 

AIB     1S:35-1&38 ■asl IJl     0.0|     1.0| 0.6 

CalfctaMon Brmr Conrectfan 
Ci)as=(Cob«-Co)*(Cnia/(Cm-Co)) 

CEM Data Correction Data Sheet 

Plant Name: Moody AFB 

Sofnplfaris Loctrtion. Ambjeat 
Dats Aosm 
Project Number: oxmxxxas 
CEM Operator DoDgADm 
Ponutant 002 
Molecular Weight                                           | 

Run No. 
StEfft-Stop 

Thno 
Raw Date Calbralion Data 

Cma Co Cm 

Calbratian 

ConsdBd 
Data 

(%orppm) 
1 0753-0822 0.00 9.94 0.00 9.85 0.000 

1025-1054 0.0O B.94 •0.10    9.95 0.101 
1425-1454 -0.03 9.94   -0.10 9.80 0.066 

Average 0.055 

CaBbndlon Ermr CoiTBCtion 

CQas»(Cobs-Co)*(Cma/(Cm-Co)) 
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CEM Data Correction Data Sheet 

Plant Nane: MOMl^AFB 
SampSng LocaSon: Bpginc - MiBtary 
Dale: wmi 
Prolset Number O3O197.0002J 

DaagAOa 
PoOutant 02 
MdacularWelgM:                                       | 

Cattnation 
Corredbsd 

Data 
Otorppm) Run No. 

StatVSlDp 
Time 

RawDsta 
Worppm) 

CanbiationData 
Cma Co Cm 

1 0a3lW>9S4 195 20.0 0.1 20.0 19.2 
2 11.-02-1227 192 2Q.0 0.1 20.0 19.2 
3 12:41-1237 19.1 20.0 0.S 20.0 19.2 

Avstags 18.2 

i   Affl   11535-15381           14.4 2O.OI     O.BI   20.01             14.31 

CeffiiBBBonBrerCorredlon 
Cgas°^Cot»-Oo)*(Cma/(Cni-Co}) 

CEM Derta Correction Data Stieet 

Plant Name             Moody AFB 
SampBngLoctfion:    SMtream-MUitn; 
Bate:                            4/26/02 
Prt«BCtNund)sn        030197.0002.5 
CEM Operator          DoagAUeD 
Poiutant                 OZ 
MolMailarWeIgM: 

Caflbiaiion 
Coaeded 

Data 
(Worppm) Run No. 

Start^Sfop 
Time 

Raw Data 
(%orppm) 

CamxaSon Data 
Cma Co Cm 

1 07S4-0954 20.8 2ao -as 2a4 20.5 
2 10:33-1227 20u9 2ao -0.5 2a4 20.5 
3 12:41-14:18 217 20.0 -as 2ao 2as 

Avwage 2a6 

1   A/B   115:35-15:381           20.0|           2a0|    -0.5|   20.0|           2ai| 

Cg85=(Cobs-Co)*(Cma/(Cm-Co)} 

CEM Data Correclton Data Slieet 

Plant Name: MoodyAFB  ' 
Eampfing Ijoc^ion: Ambieit 
Dais: *n6Kfl 
PnqectNufntier O3O197J0OO2J 

Doog Allen 
Poiulant: 02 
Moleoiiar Weight:                                   .    | 

CaRteatlon 
Corrected 

Data 
Worppm) RunNa 

Start-Stop 
Time 

RenvData 
PSorppm) 

CaibrationData 
Cma Co Cm 

1 07:5»>8:22 20.9 20.0 ai 20.0 21.0 
2 10:25-10:54 20.9 20.0 0.1 2ao 20.S 
3 1425-14:54 20.S 20.0 0.6 2ao 21.0 

Average 

CaMifaBrw Efipf Gorteeflon 
Cgas-(Cobs-Co)*(Cma/{Cm-Co)} 
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Total Hydrocarbon Data Correction 

Plant Name MoodrAFB 
Sflnifdhio LocBtian.' Engiae-Mlliiii; 
Date: wxa. 
Protect Nuinber 0SO197.0a0ZJ 
CEMOparaiDn Doug Ana 
poUutant xac 
MdaeularWaisht l&OO 

Sowos ncMmsfion 
DalB 

DiyBaiit 
(ppm) 

Maca 
Enforion 

Ral> 

Mas* 
Emission 

Raia 
(Ibnooofcftial) 

Slack 
Flow 

(dadhi) 

Stadc 
MoUn 

Run No. 
start^iDp Row Data 

(ppm) W 
1 08:3(K)9:M 20 94.623 4je 21 om ai»46 
2 11.-02-1227 20 82.198 4.96 21 0.48 0.1896 
3 12-41-1257 20 9Z.3ei 4^ 21 D/48 0.1900 

Avaiag* 21 0/19 ai9 

A«   115:35-15381 B.ll     a«.493|      200| 9.21 056| 025291 

MofehfB Coiniclign 
Cgaa(dty)>Cgas(ynty(1-{% imislmnoO)) 
Mwwt FtnlMtiin RateilMifl 
E(l>/hr)=Qsia<(dry}'MWp8srQa(dttim)'BW3853000aO 

Total Hydrocarbon Data Correction 

Plant Name: MndyAra 
Sampling LocaBon: Slipttian-UiHaiy 
Dale: 4a6A)2 
Prated Number 03O197.ainu 
ca« Operator DomABea 
Polutant: THC 
Molecular Weight: l&OD 

Man 
EinnHin 

Rale 

Maas 
Bfiratflion 

Raia 
(ItinooobtieD 

Data 
DiyBada 

(ppm) 

Stack 
Fkw 

(dactn) 

Stack 
Moiekiia 

RunNa 
Sla^Skip Raw Data 

1 07S««S4 \Z 384.72S AM 1.3 122 0.4775 
2 1033-1227 0.7 3892S7 AM a7 a7i 02776 
3 12>»1-M:ia 0.5 1.1S1S4 AM 0:8 1.63 0J3eo 

Awraoe 0.9 1.18 0.46 

I   Ag   11535-15381 3.2|   193.4021      2001 3.31 \SBT a7150l 

MtlifllllfldnirViff'^'i 
Csaa(diy)-C9U(watV(1-(« (neMirMOO)) 

E(Mir)>Cgaa(dry)*MWgaa*aa((lac*n)'6O(3S5300a00 

Total Hydrocarbon Data Correction 

Plant Name:              MoatfyAFB 
Sampling Location:    AaHmt 
Date:                           Amm 
PntttULBtoer.        030197.0KB J 
CSltOpefaton          DmcAUeo 
Pollulant:                IHC 

RunNa 
Start^lop 

THxe 
Raw Data 

(ppm) 
1 0753^)822 0.68 
2 102S-10S4 0.B4 
3 1425-1454 0.78 

C-30 



CEM Data Correction Data Sheet 

Plant Mams: Moo<lyAFB 

Samplng Location: Bogme-Miliiaiy 

Date: 40002 

Project Nun«er oaoi97jaxii5 

CEMOperaton Don! Alia) 

Pobitanfc NOx 
MolscularVtMglit <M.01 

Run Mo. 

Start-Stop 

Tlma 

Raw Data 

(»<»-pim) 

Calibration Data 

Cma Co Cm 

SoufC9 Iftfomiaflon 
Slack 

Flour 

(daeftn) 

Fual 

Flow 

Callbrelion 

CofTOdBd 

Data 

tXorppm) 

IMass 

Emission 

Rate 

Eiris^on 

Rate 

QbnOOOIbtuel) 
08:3049:54 15.6 19^ 02 18.8 94,623 
11:02-1227 15.3 

2^50 16.6 11^22 
19.9 0.3 19.1 82,198 

4.4009 
2,550 15.9 10.49 4.1130 

12:41-12^7 15.6 0.1 20.1 92,391 2,550 10^7 4.DZ73 
Average 16.0 10.66 4.1804 

41.21 PJB   115:35.1538 I 19.91     0.11   20.11 24,4931       2,2301 41.01        7.201 3J2280 

CJKJI jftm Frrnr Coirection 
Cgas=(Cabs.Co}*(Cfnaf(CnvCo}) 
Mass Eiriasian Rate ffl^ftH 

E(IM)r)=Cga£1imgas'Qs(dsctin]*6W385300000 
Mas8 Bmlsrinn Rats (ItmooO html) 
E(bMMBtu>>E9t)/hr)fFuel low * 1000 

Poliitant MWgas 
CO 
M^iana 
NOx 
S02 

2aai 
1&00 
46.01 
64.06 

CEM Data Correction Data Siieet 

Plant Name: Moody AFB 

Sampling Locafaonr o llpff'^^hi 11 * AUUtAfV 

Data: 4aaD2 
Pn^ectNinilier 030I97.00QZ5 
CEMOpeiator DaasAlkn 
Polulant: NQs 
MdecuiarWei^: 4&0I 

Run No. 
Start-Stop 

lina 
Raw Data 
ratorpgn) 

Calibration Data 
Cma Co Cm 

Source Information 

Flow 
(dhcliii) 

i=tial 

Flow 

JM£L 

CaObraiion 

CorractBd 

Data 

(%ofppm) 

Mass 

Emission 

Rale 

<lbW 

Mass 

Emission 

Rate 

(ItiflOOOIbtueD 
07:54-09:54 0.97 10.1 -ai 10.2 
10:33-1227 

364,726 2,550 1.1 2.84 1.1121 
0.S2 10.1 -ai 9.6 3B9257 2,550 1.1 3.0Z 1.1B47 

12:41-14:18 0.88 10.1 -0.1 82 1.151.S54        2.550 1.1 .8.89 3.4860 
Awsrasa 1.1 43a 15276 

I   Am   11535-15:381 1.9| 10.1|   -0.1|     921 193,402|       2230| 2.1 2.951 1.32221 

CrtbraHoti EfTW.ConBcflon 
Caas^Col>s-Co)*(Cma/(Cm-Co)) 
Mass Emisslein Rata fM<rt 
EObiftii]>Cgas*MWgas'Qs(dseihi)'60/3853000aO 
Mass Emission Rate IbllODO lb fiien 
E(lii/MMBtu)=E<IVhiVFuel fiow* 1000 

Pollutant MWgas 
CO 
Msihaie 
NOx 
S02 

28.01 
16.00 

-48.01 
84.06 

CEIW Data Correction Data Sheet 

Plant-Nsfns: Moody AFB 
Ssn^llng Locatlonr AmbieU 
Dale: 40602 
Pnject Number 
CEMOpeiator DaUEAllai 
PoUulanl: NQi 
Motec(4arWsi^ «EP! 

Cattxafion 
Conectsd 

Data 
(%orppm) Run No. 

Start-Stop 
Time 

Raw Data 
(%orppm) 

Cswirabon Data 
Cma Co Cm 

1 07:SMI822 -0.09 19L9 -02 18.8 0.00 
2 1025-10-.S4 -O.09 19.9 as 19.1 0.00 
3 1425-14S4 ■0.12 19.9 0.1 20.1 0.00 

Averaj 0.00 

Calibration Bmf Cnmwlirifi 
Cgas=(Cabs-ConCma/(Cn»<>>}) 
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CEM Data Correction Data Sheet 

Plant Name: Randolph AFB 
SampOng Location: Ett^ne 
Date: S/lAG 
Proieot Number 030197.0002J 
CEM Operator Doue Allen 
Ponulant CO 
Molecular Weiqnt 28.01 

CondNion 
Start-Stop 

Time 
RawDala CaSlMatlon Data 

Cma Co Cm 

Souioe information 
Stad( 
How 

(dacfm) 

Fuel 
FTow 

OMvf) 

CaHbration 
Conacted 

Data 

Mass 
Emission 

("^ 

Mass 
Emission 

Rate 
fliyiOOOIbfcien 

Idle 14:18-14:27 16S0.0 447.8 -1.2 4373 24.956 1,040 1685.6 183.48 176.4»I4 
Intemiedlate 14:35-14:43 364.9 447.8 -1.2 437.5 8&241 2,060 373.7 134.04 65.0702 
Mnilary 14:46-14:53 255.2 447J -1.2 4375 120.532 
Afleitxjmer 1455-1456 1300.0 447.8 -1.2 437.5 17.130 

4,440 261.7 137.60 30.9904 
4.460 1328.3 99.25 22.2523 

AveragB 912.3 138.59 73.6843 

CaHbfaBon Em>r CorrecBon 
CgaB=(Cobs-Co)*(Cma/(Cm-Co)) 
Mass Enilsston Rate fltVhi) 
E(lhmiH:gas*MWgas*Qs(dsctm)*6a'385300000 
Mass Bntesion Rats fltyi OOP fc fuel) 
E(lbA4MBtu)=E(lbmrVFuel flow * 1000 

Polutant Itmvgas 
CO 
Methane 
NOx 
S02 

28.01 
16.00 
46.01 
64.06 

CEM Data Correction Data Sheet 

Plant IMame: Randolph AFB 
Sampling LocaUon: Engine 
Date: VlAtt 
Project Number 030I97.000i5 
CEM Operator OouftAOen 
PohJtent CO 
Molecular W^ght 28.01 

Concfftion 
Start-Stop 

Time 
Flaw Data Canbraiian Oeta 

Cma Co     Cm 

Calibraiion 
Conactad 

Data 

Ambiait    1345-1352 -1.1 447.8     -1.2 4375 0.03 
Aveiac aoi 

Calibraiion Fmor Correction 
C9as=(Cob&0)nCma/(Cm-Co)) 
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CEM Data Correction Data Sheet 

plant Name: Randolph AFB 
Sampling Location: Engine 
Date: 5/1/02 
Project Number 030197.00023 
CEM Operator Doug Allen 
Pollutant: C02 
Molecular Weight:                                                 | 

Condition 
Start-Stop 

Time 
Raw Data 

(% or ppm) 
Calibration Data 

Cma Co Cm 

Calibration 
Corrected 

Data 
(% or ppm) 

Idle 14:18-14:27 1.7 2.0 0.0 2.0 1.7 
Intermediate 14:35-14:43 1.1 2.0 0.0 2.0 1.1 
Military 14:46-14:53 1.6 2.0 0.0 2.0 1.7 
/yterburner 1455-1456 11.5 2.0 0.0 2.0 11.7 

Average 4.1 

Calibration Error Correction 
Cgas=(Cobs-Co)*(Cma/(Cm-Co)) 

CEM Data Correction Data Sheet 

Plant Name: Randolph AFB 
Sampling Location: Engine 
Date: 5/1/02 
Project Number: 030197.0002J 
CEM Operator: Doug Allen 
Pollutant: C02 
Molecular Weigiit                                                   | 

Condition 
Ambient 

Start-Stop 
Time 

1345-1352 

Raw Data 
(% or ppm) 

0.02 

Calibration Data 
Cma 

2.00 
Co 
0.00 

Cm 
1.96T 

Average 

Calibration 
Corrected 

Data 
(% or ppm) 

0.015 
0.004 

Calibration En-or Con-ection 
Cgas=(Cobs-Co)*(Cma/(CnvCo)) 
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CEM Data Correction Data Sheet 

Plant Name: Randolph AEB 
Sampling Location: Engine 
Date: 5/1/02 
Project Number: 030197.0002.5 
CEM Operator: Doug Allen 
Pollutant: 02 
Molecular Weight:                                              1 

Calibration 
Connected 

Data 
(% or ppm) Condition 

Start-Stop 
Time 

Raw Data 
{%orppm) 

Calibration Data 
Cma Co Cm 

Idle 14:18-14:27 18.2 10.6 -0.1 10.5 18.4 
Internnediate 14:35-14:43 19.5 10.6 -0.1 10.5 19.6 
Military 14:46-14:53 18.8 10.6 -0.1 10.5 18.9 
Afterburner 1455-1456 5.5 10.6 -0.1 10.5 5.6 

Average 

Calibration Enror Correction 
Cgas=(Cobs-Co)*(Cma/(Cm-Co)) 

CEM Data Correction Data Sheet 

Plant Name: Randolph AFB 
Sampling Location: Engine 
Date: 5/1/02 
Project Numt)er 030197.0002.5 
CEM Operator Doug Allen 
Pollutant 02 

1 Molecular Weight: 

Condition 
Start-Stop 

Time 
Raw Data 

(%orppm) 
Calibration Data 

Cma Co Cm 

Calibration 
Connected 

Data 
(% or ppm) 

Ambient    1345-1352 20.8 10.6     -0.1     10.5 21.0 
Average 5.2 

Calibration Error Correction 
Cgas=(Cobs-Co)*(Cma/(Cm-Co)) 
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Total Hydrocarbon Data Correction 

Plant Name: Randolph AFB 
Sampling Location: Engine 
Date: 5/1/02 
Project Numben 030197.0002J 
OEM Operator Dong Allen 
Pollutant THC 
Molecular Weight- 16.00 

Source information Con-ected 
Data 

Dry Ba.'?is 
(ppm) 

Mass 
Emission 

Rate 
(Ib/hr) 

Mass 
Emission 

Rate 
(lb/1000 lb fuel) 

Stac)( 
Flow 

(dscfm) 

Stack 
Moisture 

(%) Condition 
Start-Stop 

Time 
Raw Data 

(ppm) 
Idle 14:18-14:27 208.4 24,956 1.50 211.6 13.16 12.6519 
Intermediate 14:35-14:43 24.0 82.241 1.50 24.3 4.99 2.4200 
Military 14:46-14:53 9.5 120,532 1.50 9.7 2.91 0.6548 
Afterburner 1455-1456 260.0 17.130 1.50 264.0 11.27 2.5260 

Average 127.4 8.08 4.56 

Moisture Conecttan 
Cgas{dry)=Cgas{w6t)/(1-(% moisture/100)) 
Mass Emission Rate (Ib/hr) 
E(lb/hr)=Cgas(dry)*MWgas*Qs(dscfm)*60/385300000 

Total Hydrocarbon Data Correction 

Plant Name: Randolph AFB 
Sampling Location: Engine 
Date: 5/1/02 
Project Number: 030197.00025 
CEM Operator: Dong Allen 
Pollutant: THC 
Molecular Weight: 16.00 

Condition 
Start-Stop 

Time 
Raw Data 

(ppm) 
Ambient 1345-1352 2.51 
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CEM Data Correction Data Sheet 

Plant Name: Randolph AFB 
Sampling Location: Engine 
Date: 5/1/02 
Project Number: 030197.0002J 
CEM Operator I>ou» Allen 
Pollutant NOx 
Molecular Welqht: 46.01 

Condition 
Start-Stop 

Time 
Raw Data 

(%orppm) 
Calbration Data 

Cma Co Cm 

Source Infonnation 
Stacl( 
Flow 

(dscfm) 

Fuel 
Flow 

Calibration 
Corrected 

Data 
(%orppm) 

Mass 
Emission 

Rate 
(fc^r) 

Mass 
Emission 

Rate 
(lb/1000 tt) fuel) 

Idle 14:18-14:27 7.0 19.9 0.4 21.5 24.956 1.040 
Intsmnediate 14:35-14:43 3.0 19.9 0.4 21.5 62,241 2,060 

. 6.3 
'Z4 

1.12 
1.44 

Military 14:46-14:53 10.8 19.9 0.4 21.5 120,532 4,440 9.9 
Afterburner 1455-1456 100.0 19.9 0.4 21.5 17,130 4.460 94.3 

8.53 
11.58 

1.0750 
0.7006 
1.9207 
2.5963 

Average 28.2 5.67 1.5731 

CaBbfallDn Errr^r Correclion 
Cgas=(Cobs-Co)"(Cma/(Cm-Co)) 
Mass Emfssion Rate fIbAirt 
E(lh/hr)=Cgas*MWgas*Qs(dscfm)*e0/3853000OO 
Mass Emission Rate (Ib/IQOO lb fuel) 
E(a3/MMBtu)=E(IWtir)/Fuel flow * 1000 

Pollutant MWgas 
CO 
MeUiane 
NOx 
S02 

28.01 
1600 
46 01 
64.06 

CEM Data Correction Data Sheet 

Plant Name: Randolph AFB 
Samprmg Ijocation: Engine 
Date: 5/1/02 
Project Number 030197.0002J 
CEM Operator Doug Allen 
Pollutant: NOx 
Molecular Weight 46.01 

Condition 
Start-Stop 

Time 
Raw Data 
(%orppm) 

Calibration Data 
Cma Co Cm 

Calibration 
Connected 

Data 
(%orppm) 

Ambient    1345-1352 -0.04 19.9      0.4    21.5 0.00 
Averas 0.00 

Calibration Frmr Cnrrflction 
Cgas=(Cobs-Co)*(Cma/(Cm-Co)) 
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CEM Data Correction Data Sheet 

Plant Name: Randolpli AFB 
Sami^ing LocaBon: Engme 
Oaie: 5/M)2 
Project Number 030197.0002.5 
CEM Operator DougAIlea 
Pollutant CO 
Molecular WeigHt: 28.01 

Concnilon 
Start^op 

Tine 
Raw Data Ca8t)rallon Data 

Cma Co Cm 

Source InfoimaSon 
Stack 
How 

(dsctm) 

Fuel 
Flow 

Qb/hi) 

CaKbnaiion 
Conected 

Data 
(%orppm) 

Emission 
Rate 

(lt)/hf) 

Emission 
Rate 

(tti^l000lt>1ueD 
Idle 14:18-1427 1650.0 447.8 -1J2 4373 25.101 1.040 1685.6 184.55 177.4490 
Inteimedbte 1435-14:43 364.9 447.8 •1.2 4375 97.837 aoeo 373.7 159.46 77.4091 
Mmtaiy 14:46-1433 255.2 447.8 -1.2 437JS 138.865 4.440 261.7 158.53 
AflaitMjmer 1455-1456 1300.0 447J5 -1.2 4375 18.446 4.460 1328^ 106.87 

35.7041 
23.9622 

Average 912.3 152.35 78.6311 

CaBarafion Enor Cmrecllon 
Cga8=(Col»<»)*{Cma/(Cn>-Co)) 
Mass Emlaslofi Rate qb/t»y 
EOb/hr)=CgaS*MWgas*Qs(clscfm)*60/38530dOOO 
Mass Emtsslpn Rate (II&/1P0OII? fuel) 
E(tt)/MMBtu>iE(lfc[/hi>?uel flow * 1000 

PoOutant MWoas 
CO 
Melttane 
NOx 
S02 

28.01 
16.00 
46.01 
64.06 

CEM Data Correction Data Sheet 

Plant Name: RandolpbAFB 
SampSngLocaBon: Enjdne 
Date: S/Wl 
ProieciNumt>en 030I97.0002.S 
CEMOparaton Doug Allen 
PoButant CO 
MoteaiarWe^iM: 28.01 

CondMon 
Start-Stop 

Time 
Raw Data 

(ppm) 
Calitxafion Data 

Cma Co     Cm 

CaBxaiion 
Conected 

Data 
(%orpcm) 

Amtalent    1345-13S2 -1.1 447.8     -1.2 437.5 0.03 
Averaj 0.01 

Calibration BmrConBcBon 
C9aG!:(Coi>s-Co)*(Cma/(Div-Co)) 
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CEM Data Correction Data Sheet 

Plant Name: Randolph AFB 
Sampling Location: Engine 
Date: 5/1/02 
Project Number 030197.0002.5 
CEM Operator. Doug Allen 
Pollutant: C02 
[Molecular Weight:                                                | 

Condition 
Start-Stop 

Time 
Raw Data 

(% or ppm) 
Calibration Data 

Cma Co Cm 

Calibration 
Corrected 

Data 
(% or ppm) 

Idle 14:18-14:27 1.7 2.0 0.0 2.0 1.7 
Intennediate 14:35-14:43 1.1 2.0 0.0 2.0 1.1 
Military 14:46-14:53 1.6 2.0 0.0 2.0 1.7 
Afterburner 1455-1456 11.5 2.0 0.0 2.0 11.7 

Average 4.1 

Calibration Error Coffection 
Cgas=(Cobs-Co)*(Cma/(Cm-Co)) 

CEM Data Correction Data Sheet 

Plant Name: Randolph AFB 
Sampling Location: Engine 
Date: 5/1/02 
Project Number: 030197.0002.5 
CEM Operator: Doug Alien 
Pollutant: C02 
Molecular Weight:                                                    | 

Condition 
Start-Stop 

Time 
Raw Data 

(% or ppm) 
Calibration Data 

Cma Co Cm 

Calibration 
Coniected 

Data 
(% or ppm) 

/imbient     1345-1352 0.02 2.00    0.00    1.96 0.015 
Average 0.004 

Calibration Error Con-ection 
Cgas=(Cobs-Co)*(Cma/(Cm-Co)) 
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CEM Data Correction Data Sheet 

Plant Name: Randolph AEB 
Sampling Location: Engine 
Date: 5/1/02 
Project Number: 030197.0002.5 
CEM Operator DougMen 
Pollutant: 02 
Molecular Weight                                             1 

Condition 
Start-Stop 

Time 
Raw Data 

(% or K)m) 
Calibration Data 

Cma Co Cm 

Calibration 
Corrected 

Data 
(%orppm) 

idle 14:18-14:27 ia2 10.6 -0.1 10.5 ia4 
intermediate 14:35-14:43 19.5 10.6 -0.1 10.5 19.6 
Military 14:46-14:53 18.8 10.6 ■0.1 10.5 18.9 
AftertHjmer 1455-1456 5.5 10.6     -0.1     10.5 5.6 

Average 15.6 

Calibration Error Comection 
Cgas=(Cobs-Co)*(Cma/(Cm-Co)) 

CEM Data Correction Data Siieet 

Plant Name: BlandolpliAFB 
Sampling Location: Engine 
Date: 5/1/02 
Project Number 030197.0002.5 
CEM Operator Doug Men 
Pollutant: 02 
iMolecularW^ght 

Condition 
Start-Stop 

Time 
Raw Data 

(% or ppm) 
Calibration Data 

Cma Co Cm 

Calibration 
Corrected 

Data 
(% or ppm) 

Ambient    1345-1352 20.8 10.6     -0.1     10.5 21.0 
Average 5.2 

Calibration Error Correction 
Cgas=(Cobs-Co)*(Cma/(Cm-Co)) 
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Total Hydrocarbon Data Correction 

Plant Name: Randolph AFB 
Sampling Location: Engine 
Date: 5/1/02 
Project Number 030197.0002.5 
CEM Operator Doug Allen 
Pollutant: THC 
Molecular Weight: 16.00 

Source Infomfiation ConBcted 
Data 

Dry Basis 
(ppm) 

Mass 
Emission 

Rate 
(Ib/hr) 

Mass 
Emission 

Rate 
(lb/1000 lb fuel) 

Stack 
Row 

(dscfm) 

Stack 
Moisture 

(%) Condition 
Start-Stop 

Time 
Raw Data 

(ppm) 
Idle 14:18-14:27 208.4 25,101 14.18 242.9 15.19 14.6056 
Intennedlate 14:35-14:43 24.0 97,837 14.18 27.9 6.81 3.3042 
Military 14:46-14:53 9.5 138,865 14.18 11.1 3.84 0.8659 
Afterburner 1455-1466 260.0 18,446 14.18 303.0 13.92 3.1219 

Average 146.2 9.94 5.47 

Moisture Correction 
Cgas(dry)=Cgas(wet)/(1-(% moisture/100)) 
Mags Emission Rate Cb/hr) 
E(lb/hr)=Cgas(dry)*MWgas*Qs(dscfm)*60/385300000 

Total Hydrocarbon Data Correction 

Plant Name: Randolph AFB 
Sampling Ijocation: Engine 
Date: 5/1/02 
Project Number 030197.0002J 
CEM Operator: Doug Allen 
Pollutant: THC 
Molecular Weight: 16.00 

Condition 
Start-Stop 

Time 
Raw Data 

(ppm) 
Ambient 1345-1352 2.51 

C-40 



CEM Data Correction Data Sheet 

Plant Name: KandoIidiAFB 
Sam[*ng LocaBon: Engine 
Date: S/U02 
Prt^ectNimnben 030197.0002J 
CEM Operator: DoneAlleo 
Poflutant NQx 
Molecular Weight 46.01 

Source Infbmiation Calbration 
Corre(^iKl 

Data 
(%orppm> 

Mass 
Emission 

Rate 

Mass 
Emls^on 

Rate 
(ttj/1000lb1u^ 

Stack 
Flow 

(dscfm) 

Fuel 
Flow 

Condifion 
Start-Stop 

Tme 
Raw Data 

(%orppm) 
CalbraUon Data 

Cma Co Cm 
Ide 14:18-1427 7.0 19.9 0.4 21.5 25,101 1.040 6.3 1.12 1.0813 
Intermediate 
MHitaiy 

1435-14:43 3.0 19.9 0.4 21.5 97.837 2.060 2;4 1.72 0.8334 
14:46-1453 
1455-1456 

10.8 19.9 0.4 21.5 138,855 4,440 9.9 9.82 
12.47 

2.2128 
'              ^7958 Afteriximer 100.0 19.9 0.4 21.5 18.446 4,460 94.3 

Average 28J2 6.28 1.7308 

Callliration Error CorrecHon 
Cgas=(Col)s-Co)*{Cma/(Cm-Co)) 
Mass Emission Rate flb/hr) 
Epb/hr)=Cgas*MWgas*Qs(dscfm)*60«85300000 
Mass Emissipn Rate WIOQO lb fuel) 
E(lh/MMBIu)=E(BVhryFtieI flow ' 1000 

Pofiulant MWgas 
CO 
Methane 
NQx 
S02 

28.01 
16 00 
46.01 
64.06 

CEM Data Correction Data Slieet 

Plant Nssne: Randolph AFB 
Sampling Location: Eoglae 
Date; snm 
Project l>aimt>er O3O197.00(G.5 
CEM Operator DottS Allen 
PoHutant: NOx 
Molecular Welnht 46.01 

Condttion 
Start-Stop 

Tme 
Raw Data 

(%orppm) 
CaB)ratlon Data 

Cma Co Cm 

CaDtnaUon 
Corrected 

Data 
(%orppm> 

Ambient     1345-1352 -0.04 19.9 0.4 21.5 0.00 
Avera£ 0.00 

CalltiratiQn EmyCon-ectlon 
C^B=(Cobs-Co)*{Cma/(Cm-Co)) 
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APPENDIX D 

QUALITY ASSURANCE/QUALITY CONTROL PROCEDURES 
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D.l QUALITY CONTROL PROCEDURES 

As part of the engine testing program, EQ will implement a quality assurance (QA) and 

quality control (QC) program. QA/QC are defined as follows: 

° Quality Control - The overall system of activities whose purpose is to provide a 
quality product or service (e.g., the routine apphcation of procedures for obtaining 
prescribed standards of performance in the monitoring and measurement process). 

° Quality Assurance - A system of activities whose purpose is to provide assurance 
that the overall QC is being conducted effectively. 

The Field Team Leaders for stack sampling will be responsible for implementation of field 

QA/QC procedures. Individual laboratory managers will be responsible for unplementation of 

analytical QA/QC procedures. The overall Project Manager oversees all QA/QC procedures to 

ensure that sampling and analyses meet the QA/QC requirements and that accurate data results 

from the test program are obtained. 

D.1.1 Field QC Sample Collection/Preparation Procedures 

Table B-1 provides a summary of the numbers and types of field and analytical QA/QC 

samples by parameter. General field QC procedures are the following: 

° Collect only the number of samples needed to represent the media being sampled. 

° To the extent possible, determine the quantities and types of samples and sample 
locations prior to the actual field work. 

° As few people as possible should handle samples. 
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° The field sampler is personally responsible for the care and control of the samples 
collected until they are property transferred or dispatched. 

° Sample records must be completed for each sample, using black waterproof mk or 
other measures to ensure the legibiHty and integrity of sample identification. 

° The Field Team Leader ensures that proper preservation, storage, and security 
procedures are followed during the field work and decides if additional samples are 
needed. 

° Storage conditions of samples must be documented on the sample forms or project 
records. 

D.1.1.1 QC Procedures for Stack Gas Sample Collection 

This subsection provides a list of QC procedures to be employed during the field sampling 

effort. Method-specific QC procediu-es are detailed in the method descriptions contained in 

Appendix A. General QC checks that wall q)ply to all methods include the following: 

° Leak checks. 
° Use of standardized forms, labels, and checklists. 
° Ensure sample traceabiUty. 
° Collection of appropriate blanks. 
° Use of calibrated instrumentation. 
° Use of Protocol 1 and/or NIST-traceable calibration gases. 
° Review of data sheets in the field to verify completeness. 

Use of validated spreadsheets for calculating results. o 

D.1.1.2 VelocityA^olumetric Flow Rate QC Procedures 

Volumetric flow rates will be determined during the isokinetic stack gas tests. The 

foUovidng QC procediu-es v^dll be followed during these tests: 

" The S-type pitot tube will be inspected visually before sampling. 

° Both legs of the pitot tube vidll be leak-checked before sampling. 

° Proper orientation of the S-type pitot tube will be maintained while making 
measurements. The yaw and pitch axes ofthe S-type pitot tube will be maintained 
at 90° to the flow. 
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° The manometer oil will be leveled and zeroed before each run. 

° Cyclonic or turbulent flow checks will be performed prior to testing the source. 

° Pitot tube coefficients will be determined based on physical measurement 
techniques as delineated in EPA Method 2. 

D.1.1.3 Moisture Content and Sample Volume QC Procedures 

Gas stream moisture will be determined by EPA Method 4 as part of the isokinetic stack gas 

tests. The following QC procedures will be followed in determining the volume of moisture 

collected: 

° The balance zero will be checked and rezeroedifnecessary before each weighing. 

° The balance will be leveled and placed in a clean, motionless environment for 
weighings. 

° The indicating sihca gel will be fresh for each run and will be inspected periodically 
and replaced during runs, if needed. 

The QC procedures that will be followed to ensure accurate sample gas voliraie 

determination are the following: 

° The dry gas meter will be fully calibrated annually using an EPA-approved 
intermediate standard device. 

° Pretest, port-change, and posttest leakchecks will be completed (must be less than 
0.02 cfin or 4 % of the average sample rate). 

° The gas meter will be read to the thousandth of a cubic foot for all initial and final 
readings. 

° Readings of the dry gas meter, meter orifice pressure (Delta H), and meter 
temperatures will be taken at every sampling point. 

° Accurate barometric pressures will be recorded at least once per day. 

° Pre- and posttest program dry gas meter checks will be completed to verify the 
accuracy of the meter calibration constant (Y). 
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The most critical operating parameter for ambient air-sampling equipment is the airflow rate 

during sampling, which determines the total volume of air sampled. Calibrations of the ambient 

air-sampling equipment will be performed to accurately determine the operating flow rates of the 

samplers, and to verify that all method-based flow-rate requirements are met. 

All ambient air samplers will be calibrated upon installation to estabUsh the means for 

determining operating flow rates, and as required throughout the monitoring program whenever 

field calibration checks or repairs require recalibration. All calibrations will be conducted 

according to standard operating procedures (SOP), using materials traceable to NIST reference 

materials. Calibrations will be conducted by quahfied personnel thoroughly familiar with the 

sampling equipment. All calibration and audit results will be recorded in a field logbook and/or the 

calibration/audit data sheets. Other specific QA/QC for particulate, VOST, aldehydes and ketones, 

and CEMS are in Appendix B. 

D.1.2 Exhaust Gas Blank Samples 

Stack gas blank samples will consist primarily of reagent blanks collected in the on-site 

sample recovery area during the test program. Reagent blanks will include solvents used to recover 

stack samples, absorbing solutions, filters, and resins (Tenax, Tenax/charcoal). All reagent blanks 

will be collected by transferring direcfly fi'om storage containers to sample jars, or labeling filters 

and resins as blank samples. 

For the VOST Method 0030   sampling trains, additional blank samples will be taken in the 

field according to the following procedures. Blank Tenax and Tenax/charcoal cartridges will be 

taken to the sampling location and the end caps removed for a period of time equal to the time 

required to exchange one pair of VOST tubes on the VOST train. After this time period, the end 

caps will be replaced on the blank tubes and these tubes will be handled in a manner similar to the 

other VOST tube samples. This procedure is consistent with the .EPy^ Quality Assurance/Quality 

Control (QA/QC) Procedures for Hazardous Waste Incineration (January 1990). 

40 CFR 60 Appendix A 

D-6 



A blank Method 0011* (aldehydes and ketones) sample train will be taken to the stack 

sample location, leak checked, and then recovered in the same manner as the Method 0011 * stack 

samples. 

The sampling media may contain small amounts of the target compoimds emitted from 

naturally occurring or anthropogenic emission sources. Contamination may be introduced to the 

sampling media during handling of the media in the laboratory, in the field, or during shipping. 

Blank samples will be used to quantify these sources of contamination. A blank sample consists of 

a complete set of sampling media (e.g., a PUF cartridge and a glass fiber filter, or a complete ADS 

sampling train) that has had no air drawn through it by the sampling equipment. Field blank 

samples will be collected during the monitoring program. 

The field blanks will be used to identify contamination resulting from field sample handling 

procedures. A field blank will be handled in the same manner as an actual sample, undergoing the 

same preparation, installation in the sampler module, and recovery procedures. 

The following stack sample blank corrections will be performed. 

° Particulate — Acetone and methylene chloride blank. 
° VOST —Field and tip blanks. 
° Aldehydes and Ketones — Reagent blanks. 

D.2 SAMPLING CONTAINERS, PRESERVATIVES, AND VOLUME REQUIREMENTS 

Table B-2 lists the holding times, storage containers and preservation requirements to be 

used for routine storage and handling of samples. 

D.3 DECONTAMINATION PROCEDURES 

Stack-gas sampling equipment will be precleaned following standard source test method 

procedures. All stack-gas sampling equipment will be cleaned on site as part of individual sample 

recovery procedures. 

Sample containers will be purchased from a vendor with a certificate indicating that each lot 

of bottles is free of contaminants. 
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All personnel associated with sample collection will use designated personal protective 

equipment (PPE). Personnel will follow standard PPE decontamination procedures for each level 

of PPE required. 

All personnel have received the proper hazardous materials training as specified in 29 CFR 

1910. 

D.4 SAMPLING PACKAGING AND SHIPMENT 

All samples will be packaged and shipped according to the specifications detailed in the 

Hazardous Materials Transportation Regulations published by the U.S. Department of 

Transportation (DOT) (49 CFR 171-180) for groimd transportation and the Intemational Air 

Transport Association (lATA) regulations for air shipment. These regulations contain detailed 

instructions on how hazardous materials must be identified, packaged, marked, labeled, 

documented, and placarded. All personnel involved with sample shipment are trained and certified 

for shipment of hazardous materials. 

When transferring possession of samples, the individuals relinquishing and receiving those 

samples will sign, date, and note the time on the sample chain-of-custody record. This record 

documents sample transfer fi-om the sampler, often through another person or commercial carrier, to 

the sample custodian or analyst. 

The procedure for shipping samples will be as follows: 

° A complete sample inventory form (chain-of-custody) will be enclosed with the 
samples being shipped, and a copy retained by the Field Team Leader. 

° DOT and lATA regulations will be followed for shipping container requirements. 
The regulations require that the shipper make a reasonable determination whether 
the sample is classified as a hazardous material and, if so, that it is appropriately 
identified. 

° Each package will be designed and constructed, and its contents limited, so that 
imder normal transportation conditions there will be no significant release of 
materials to the environment and no potentially hazardous conditions. 
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Samples will be placed inside a shipping container for transport back to the 
laboratory. 

Preservation of the samples (e.g., refrigerant packs, ice, chemical preservatives, etc.) 
vdll be performed as required by the test plan or analytical requirements and 
documented on the sample inventory record. 

All freight bills and shipping records will be retained as part of the permanent 
records by the Project Manager. 

D.5 CUSTODY PROCEDURES 

An overriding consideration for environmental measurement data is the ability to 

demonstrate that samples have been obtained from the locations stated using the prescribed 

methods and that they have reached the laboratory without alteration. Evidence of collection, 

shipment, laboratory receipt, and laboratory custody until disposal will be documented to 

accomplish this objective. Documentation will be accomplished through a chain-of-custody record 

that documents each sample and the individuals responsible for sample collection, shipment, and 

receipt. A sample will be considered "in custody " under the following conditions: 

° It is in a person's actual possession. 

° It is in view after being in physical possession. 

° It is secured in a locked compartment so that no one can tamper -with it after it has 
been in physical custody. 

° It is in a secured area, restricted to authorized personnel. 

D.5.1 Field Custody Procedures 

Sample custody will be initiated by EQ during collection of the samples. Preformatted 

labels will be used at the time of collection. Documents prepared specifically for monitoring field 

sample collection and recovery will be used for recording pertinent information about the types and 

numbers of samples collected and shipped for analysis. The samples collected first will be 

assembled at an on-site location for batching and paperwork checks. This task includes matching 

similar sample types (e.g., solids, liquids) from all sampling locations. Sample packaging 

procedures will comply with all DOT and lATA requu-ements for shipment of environmental 
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samples.  Establishing or maintaining sample integrity involves numerous steps or considerations 

in addition to custody documentation. For example, major concerns in pro-ams of this nature are 

contamination, cross-Contamination, and/or degradation of sample containers; absorbing and 

filtration media; recovery materials; and actual samples, as applicable. These problems will be 

avoided or minimized at all times by using the following procedure: 

° The lid of each labeled jar will be secured with a strip of custody tape. 

° Individual sample jars will then be sealed in plastic bags and placed in appropriate 
shipping containers. 

° Volatile materials will be stored, handled, and transported apart from sorbent 
materials (e.g., store, handle, and ship VOST tubes apart from solvents [methylene 
chloride, acetone, toluene, etc.] used to recover the other sample trains). 

° Volatile, organic, and aldehyde and ketone samples will be sealed and kept away 
from sources of solvents, gasoline, etc., during recovery, transportation, storage, and 
analysis (e.g., recovery of particulate samples where acetone is used will be 
performed remote from preparation, recovery, and storage of VOST and aldehyde 
and ketone samples). 

° Vermiculite will be placed aroxmd the bags in the shipping container for protection 
from damage, if needed. Ice will be placed in the shipping container, if required. 

° One chain-of-custody form will be completed for each shipping container, placed in 
a large plastic bag, and the bag taped to the inside Ud of the shipping container. 

° The container will be taped closed with tape and sealed with custody tape on two 
sides such that opening the container will break the custody tape. 

Collected samples will be kept imder lock and key or within sight at all times until their 

shipment to the laboratory. The field sampler will act as the sample custodian and the docimient 

control ofScer in order to monitor the location of collected samples and to record vital sample 

information in field logbooks. 

A unique system for individual sample identification will be used and included on each 

sample label. 
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This naming convention allows every sample to be completely and consistently identified 

on the field data sheets, sample media labels, chain-of-custody forms, and laboratory reports. The 

naming convention is designed to provide redundant information that can be used in conjunction 

with laboratory media identification numbers to verify sample identity. 

The final evidence file will include at a minimum the following: 

o Field logbooks. 
° Field data and data deliverables. 
° Photographs. 

Drawings. 
Laboratory data deliverables. 
Data validation reports. 
Data assessment reports. 
Progress reports, QA reports, interim project reports, etc. 
All custody documentation (i.e., tags, forms, airbills, etc.). 

D.6 DATA REDUCTION, VALIDATION, AND REPORTING 

Data will be produced primarily fi-om three sources, specifically the following: 

° Engine operations during the test program. 

° Field measurements data, including sampling records (volumes and duration), and 
observations. 

° Sample analysis and characterization data. 

All data generated by field activities or by the laboratory will be reduced and validated prior 

to reporting. Specific data reduction, validation and reporting procedures are described in the 

following subsections. 

D.6.1 Data Reduction 

D.6.1.1 Field Data Reduction Procedures 

The stages of data confirmation will begin with an initial series of calculations completed 

on the same dav as the sampling effort to establish that the pretest assumptions were correct and 
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that the test procedures completed to that point were performed in an acceptable manner. This 

enables the on-site test team to correct any faulty procedures, and provides a greater understanding 

of any immediate problems. The on-site data reduction and confirmation activities will be 

performed by an experienced data management speciahst. 

D.6.1.2 Office Calculations 

All data averages will be "double-checked" to verify numerical accuracy by an experienced 

technician. Prior to utilization of the analytical data for calculation of test results, a check will be 

applied to ascertain any obvious "out-of-line" results for reanalysis. 

All results of calculations will be examined by another individual as assigned by the Field 

Team Leader. Depending on the complexity of the work, this person will either spot-check certain 

calculations or repeat the entire effort as assigned by the Field Team Leader. When all data are 

summarized, a check will be made for test result correctness by the Field Team Leader and by the 

EQ Program Manager. The EQ QA Manager will conduct routine audits to document that the 

checks are being performed and documented (with checker's initials and date). 

The initial field test data and resulting calculations will be performed on a portable PC at 

the end of each test day. In the office, final results and result tables will be developed on a 

microcomputer. Standard EPA method programs have been'developed and vahdated for the 

computational systems to ensure that correct equations are utilized to generate results. The 

programs will Ust all entry items (for proofing purposes) and produce calculated results in hard 

copy form. Reference method equations will be used to calculate the concentration and/or mass rate 

of each measured parameter. 

D.6.2 Analytical Data Validation Evaluation 

All data will be compared to the acceptance criteria of the reference method. For example, 

particulate tests must be 100% isokinetic, ±10%, to be acceptable. Laboratory data will be 

acceptable only if calibration standards fall within the established control Kmits. 
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TABLE D-3. ACTIVITY MATRIX FOR CALIBRATION OF EQUIPMENT" 

APPARATUS ACCEPTANCE LIMITS 
FREQUENCY AND METHOD 

OF MEASUREMENT 

ACTION IF 
REQUIREMENTS ARE 

NOT MET 

1 Wet test meter Capacity 3.4 m^/hr (120 ft/hr); 
accuracy within ±1.0% 

Calibrate initially, and then yearly 
by hquid displacement. 

Adjust until specifications 
are met, or retum to 
manufacturer. 

Dry gas meter Yi = Y±0.02Y Calibrate vs. wet test meter 
initially, and when posttest check 
exceeds Y ±0.05 Y 

Repair, or replace and then 
recalibrate. 

Thermometers Inpinger thermometer ±rC (2°F); 
dry gas meter thermometer 
±3°C (5.4°F) over range; stack 
tenperature sensor 
±1.5% of absolute tenperature 

Calibrate each initially as a 
separate conponent against a 
mercury-in-glass thermometer. 
Then before each field trip 
conpare each as part of the train 
with the mercuiy-in-glass 
thermometer. 

Adjust to determine a 
constant correction factor, 
or reject. 

Probe heating system Capable of maintaining 120° ± 
14°C (248° ± 25°F) at a flow rate 
of201/min(0.71ft^/min) 

Calibrate component initially by 
APTD-0576(11) if constmcted by 
APTD-0581(10), or use published 
caUbration curves. 

Repair or replace and then 
reverify the calibration. 

Barometer ±2.5 mm (0.1 in.) Hg of mercury- 
in-glass barometer 

Calibrate initially vs. mercury-in- 
glass barometer; check before and 
after each field test. 

Adjust to agree with a 
certified barometer. 

Probe nozzle Average of three ID measurements 
of nozzle; difference between high 
and low 0.1 mm (0.004 in.) 

Use a micrometer to measure to 
nearest 0.025 mm (0.001 in.); 
check before field test. 

Recalibrate, reshape, and 
sharpen when nozzle 
becomes nicked, dented, or 
corroded. 

Type S pitot tube 
and/or probe 
assembly 

All dimension specifications met, 
or cahbrate according to Subsection 
3.1.2, and moimt in an interference- 
free manner 

When purchased, use method in 
Subsections 3.1.1 and 3.1.2; 
visually inspect after each field test. 

Do not use pitot tubes that 
do not meet face opening 
specifications; repair or 
replace as required. 

Stack gas temperature 
measurement system 

Capable of measuring within 1.5% 
of minimum absolute stack 
terrperature 

When purchased and after each 
field test, calibrate against ASTM 
thermometer. 

Adjust to agree with Hg 
bulb thermometer, or 
constmct a calibration 
curve to correct the 
readings. 

Analytical balance ±lmgofClass-S 
weights 

Check with Class-S weights upon 
receipt. 

Adjust or repair. 

(continued) 
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TABLE D-3 (continued) 

APPARATUS ACCEPTANCE LIMITS 
FREQUENCY AND METHOD 

OF MEASUREMENT 

ACTION IF 
REQUIREMENTS ARE 

NOT MET 

Differential pressure 
gauge (does not 
include inclined 
manometers) 

Agree within ±5% of incline 
manometers 

Initially and after each field use. Adjust to agree with 
inclined manometer or 
construct calibration curve 
to correct the readings. 

Orsat analyzer Average of three replicates should 
be 20.9 ± 0.5% (absolute) or 
known concentration ±0.5 
(absolute) 

Upon receipt and before any test in 
which the analyzer has not been 
checked during tfie previous 3 mo; 
determine % O2 in ambient air, or 
use a caUbration gas with known 
CO, CO2, and O2 concentrations 

Check Orsat analyzer for 
leaking valves, spent 
absorbing reagent, and/or 
operator techniques. Repair 
or replace parts or 
absorbing solutions, and/or 
modify operator 
techniques. 

Rotameter or rate 
meter 

Smooth curve of rotameter actual 
flow rates with no evidence of 
error. ±5% of known flow rate. 

Check with wet test meter or 
volume meter at 6-month intervals 
or at indication of erratic behavior. 

Repeat calibration steps 
until limits are attained. 

EPA-600/9-76-005, Quality Assurance Handbook for Air Pollution Measurement Systems - Volume HI, U. S. EPA, 
Office of Research and Development, Environmental Monitoring and Support Laboratory, Research Triangle Park, 
NC, January 1976, as revised. 
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Outliers will be treated on a case-by-case basis. All questionable data will be reviewed in an 

attempt to find a reason for rejection. All questionable data will be outlined in the scientific and 

technical report. 

Unacceptable data will be appropriately qualified in the scientific and technical report. Case 

narratives will be prepared, which will include information concerning data that fell outside 

acceptance limits, and any oflier anomalous conditions encountered during sample analysis. After 

the Laboratory QA Officer approves these data, they will be considered ready for data vaUdation. 

D.6.2.1 Procedures Used To Evaluate Field Data 

Procedures used to evaluate field data include posttest field instiimient calibration checks, 

acceptable isokinetic sampling rates, and demonstration of acceptable posttest leak checks. 

D.6.3 Data Reporting 

Data reporting procedures will be performed for field operations as indicated in the 

following subsections. 

D.6.3.1 Field Data Reporting 

Field data reporting will be conducted principally through the generation of test data tables 

containing tabulated results of all measurements made in the field, and documentation of all field 

calibration activities. 

D.7 PREVENTIVE MAINTENANCE REVIEW 

Well-maintained equipment is an essential ingredient in ensuring the quality, completeness, 

and timeliness of the field and analytical data. This subsection reviews the schedules of preventive 

maintenance that must be performed to minimize the downtime for critical measurement systems 

for each contracting company. Also, Hsts of critical spare parts that must be available at the 

individual field and laboratory sites must be developed and reviewed. This subsection represents a 

review of tiie preventive maintenance items that are required for the field operations. 
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D.7.1 Field Instrument Preventative Maintenance 

Field source testing equipment and instrumentation that require maintenance and/or 

calibration will be serviced immediately prior to conducting the test program. 

Normal spare parts (e.g., control consoles, sample boxes, probes, glassware, sample bottles, 

etc.) as well as extra materials/supplies (e.g., filters, solutions, solvents, XAD traps, etc.) are 

scheduled to be available at the field site during testing. 

Extra spare parts and equipment for process sample collection and compositing equipment, 

glassware, sample containers, etc. are scheduled to be available at the field site during testing. 

Extra materials/supplies (e.g., filters, solvents, etc.) required for the process sample collection will 

also be available at the field site during testing. 

SufScient volumes of protocol and calibration gases for the CEM monitoring, extra fittings, 

sample lines, pumps, heating tapes, and analyzer cells, along with sufficient materials/supplies (e.g., 

pump oil, filters, etc.) will be available at the field site during testing. 

D.8 CORRECTIVE ACTION 

Corrective action is the process of identifying, recommending, approving, and 

implementing measures to coimter unacceptable procedures or procedures out of QC performance 

that can affect data quality. Corrective action can occur during field activities, laboratory analyses, 

data vaUdation, and data assessment. All corrective actions proposed and implemented should be 

documented in the regular QA reports to management. Corrective action should be implemented 

only after approval by the EQ Project Manager or his designee. If immediate corrective action is 

required, approvals secured fi-om the EQ Project Manager should be documented in an additional 

memorandum. 

Depending on the nature of the problem, the corrective action may be formal or informal. 

In eiflier case, occurrence of the problem, the corrective action performed, and verification that the 

problem has been resolved will be documented. Whenever a corrective action is required, 

documentation will be completed by the individual noting the problem and a copy will be filed with 

the EQ Project Manager. 
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The shared effort for implementing the corrective action will be the responsibility of the EQ 

Project Manager, the EQ QA Managers, and the Field Team Leaders. 

Corrective actions will be initiated when data quality problems are determined during the 

program. These data quality problems will be flagged "out of control" if they are outside the 

predetermined limits specified above for intemal, performance, system, and data audits. When 

discovered, prompt action toward a solution will be undertaken by the generator of the data. The 

corrective action will be conducted through the following six activities: 

° Define the quality problem. 
° Notify the designated individuals listed in the work plan. 
° Determine the cause of the problem. 
° Determine the corrective action. 
° Implement the corrective action. 
° Verify the solution to the problem. 

Corrective action will be instituted immediately by the individual noting a problem in a 

measurement system. An unresolved problem will be reported to the EQ Project Manager and the 

EQ QA Managers for further action. 
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APPENDIX E 

QA/QC - CALIBRATION DATA 
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Environmental Quality Management, Inc. 

CALIBRATION PROCEDURES AND RESULTS 

All of the equipment used is calibrated in accordance with the procedures outlined in the 

Quality Assurance Handbook for Air Pollution Measurement Systems, Volume III (EPA 600/4- 

77-027b). The following pages describe these procedures and include the data sheets. 
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CALIBRATION PROCEDURES AND FREQUENCY 

This subsection describes the caHbration procedures and the frequency at which these 

procedures will be performed for both field and laboratory instruments. 

B.6.1 Field Instrument Calibration 

The following equipment items will be calibrated before and after field usage: 

° Velocity measurement devices. 
° Gas flow rate metering systems. 

Gas volimie metering equipment. 
Gas composition measuring apparatus (Orsat). 

The calibration records will include device numbers, calibration dates, methods, and data and 

results, and will be maintained on file at the EQ laboratory. Copies of applicable calibration 

records also will be available at the job site for review. 

Acceptance limits are shown for each equipment item in Table B-4. 
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'Environmental Quality Management, Inc. 

DRY GAS METER AND ORIFICE METER 

Dry gas meters and orifices are calibrated in accordance with Section 3.3.2 of the QA 

Handbook. This procedure involves direct comparison of the dry gas meter to a reference dry 

test meter. The reference dry test meter is routinely calibrated using a liquid displacement 

technique. Before its initial use in the field, the metering system is calibrated over the entire 

range of operation. After each field use, the metering system is cailibrated at a single 

intermediate setting based on the previous field test. Acceptable tolerances for the initial and 

final gas meter factors and orifice calibration factors are V0.02 and V0.20 fi-om average, 

respectively. 
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Pitot Tube Calibration 

Each pitot tube used in sampling meets all reqniremenls of EPA 
Method 2, Section 4.1.** Therefore, a baseline coefficient of 0.84 is assigned to 
each pitot tube. The following pa^ show the alignment requirements of 
Method 2 and the Pitot Tube Inspection Data Sheet(s) for each pitot tube used 
during the test program. 
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'Environmental Quality Management, Inc. 

DIGITAL INDICATORS FOR THERMOCOUPLE READOUT 

A digital indicator is calibrated by feeding a series of millivolt signals to the input and 

comparing the indicator reading with the reading the signal should have generated. Errors did 

not exceed 0.5 percent when the temperatures were expressed in degrees Rankine. Calibration 

data are included in the following Thermocouple Digital Indicator Calibration Data Sheet(s). 
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ENVIRONMENTAL QVALITY B4ANAGEMENT 

Box No.: MB-1 Bar. Press.(Fb) 29.60 ln.Hg 

Date: December 26,2001 Calibrated By: 

1      RUNl 

0.50 

RUN 2 

0.75 

AH 

RUNS 

1.00 

RUN 4 

1.50 

RUNS 

2.00 

RUN 6 

4.00 DH Delta H 

InHg Vacuum 10 10 10 10 10 10 

Vw, Initial RTM 604.553 615.440 628.959 640.862 654.016 665.387 

Vw, Final RTM 615.285 628.753 640.691 653.386 665.040 675.449 

Vd, Initial DGM 726.766 737.820 751.657 763.679 777.103 788.723 

Vd, FtaalDGM 737.552 751.344 763.494 776.465 788.354 798.958 

Tw Ave. Temp RTM °F 67 67 68 68 69 72 

■w Ave. Temp DGM °F 71 75 77 78 80 83 

t •nme (mln.) 25.0 26.0 20.0 18.0 14.0 ranni 9.0 

Vwj-Vw, Net Volume RTM 10.732 13.313 11.732 12.524 11.024 10.062 

Vdj - Vd, Net Volume DGM 10.786 13.524 11.937 12.786 11.251 10.235 

V 1.001 0.997 0.997 0.994 0.995 0.994 

dH« 1.520 1.590 1.616 1.720 1.790 1.786 

AVERAGE Y • 1.000 

Averager Range- 0.980 TO 1.020 ACCEPT 

AVERAGE dHa 1.670 

Average dH« Range - 1.470 TO 1.870 ACCEPT 

CtlcoUtloni                                                                                  1 
Y-(VWT&^ • fTd + 4601) / (Vd • (Pb + (dHd /* 13.6)) riV-f460)) 

dH« - 0.0317 • dHd / (Pb m ♦ 460)) • (llTw +460) • t)/Vw)»2 

Initial D17 On Meter Callbimtloii Fioim (BngUab Dniu)       2002 Yearly Calibration 
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ENVIRONMENTAL QUALITY MANAGEMENT 

Box No.: MB-1 Bar. Press. (Pb): 29.05 In. Hg 

Date: April 30, 2002 Pretest Gamma: 1.000 

Calibrated By             JK Pretest dH®: 1.670 

Plant: Moody AFB GA 

RUNl 

2.00 

RUN 2 

2.00 

rai^ BBIBBlWllilHlittWmHB RUN 3 

DH Delta H 2.00 

inHg Vacuum 1.00 1.00 1.00 

Vwi Initial RTM 38.009 51.510 64.220 

Vwj Final RTM 51.510 64.220 76.562 

Vd, Initial DGM 286.005 299.485 312.335 

Vd2 Final DGM 299.485 312.335 324.901 

Tw Ave. Temp KIM °F 71.0 72.0 73.0 

Td Ave. Temp DGM "* 78.0 81.0 83.0 

t Time (mln.) 16.0 16.0 16.0 

IMMMllWllHWiiBBWiMMHM^M 
VW2 - VWi Net Volume RTM 13.501 12.710 12.342 

Vd2 - Vdi Net Volume DGM 13.480 12.850 12.566 

Y 1.010 1.001 0.996 

dH® 1.606 1.809 1.919 

AVERAGE Y = 0.993 

% Difference from Yearly Y= -0.677 ACCEPT 

AVERAGE dH@ = 1.778 

Calculations 

Y = (Vw • Pb • (Td + 460)) / {Vd • (Pb + (dHd / 13.6)) • (Tw +460)) 

dH@ = 0.0317 • dHd / (Pb (Td + 460)) * (((Tw 4460) • time) / Vw)'^2 

Posttest Dry Gas Meter Calibration Form (English Units) 
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ENVIRONMENTAL QUALITY MANAGEMENT 

THERMOCOUPLE DIGITAL INDICATOR 
CAUBRATION DATA SHEET 

DATE: 26-Dec-Ol 

OPERATOR: AH 

INDICATOR NO.: 

SERIAL NO.: 

CALIBRATION DEVICThennocouple Simulator     MANUFACTURER; 

MB-1 

Omega 

TEST 
POINT NO. 

MILLIVOLT 
SIGINAL 

EQUIVALENT 
TEMP."F 

DIGITAL 
INDICATOR TEMP 

READING, °F 
DIFFERENCE, % 

1 -0.692 0 -1 0.2 
2 1.520 100 98 0.4 
3 3.819 200 200 0.0 
4 6.092 300 299 0.1 
5 8.314 400 398 0.2 
6 10.560 500 499 0.1 
7 22.251 1000 1000 0.0 
8 29.315 1300 1299 0.1 
9 36.166 1600 1600 0.0 
10 42.732 1900 1900 0.0 

Percent difference must be less than or equal to 0.5 % 

Percent difference: (Equivalent Temp,.°R - Digital Indicator Temp., °R) • (IC 
(Equivalent Temp., °RJ 

Where °R= °F + 460 ACCEPT 

DIGITAL INDICATOR 2002 Yearly Calibratiion 
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ENVmONMBNTAL QUALriT MANAGEMENT 

Box No.: 

Date: 3/13/02 

DH 

InHg 

Vw, 

Vwj 

Vd, 

Vdj 

Tw 

Td 

t 

Delta H 

Vacuum 

Initial RTM 

Final RTM 

Initial DGM 

Final DGM 

Ave. Temp RTM °F 

Ave. Temp DGM °F 

Tbne (mln.) 

Bar. Press.(Pb): 

Calibrated By: 

I      RUNl 

O.SO 

10 

396.544 

406.545 

51.398 

61.398 

74 

76 

24.0 

RUN 2 

0.75 

10 

408.914 

418.455 

63.784 

73.885 

74 

78 

20.0 

29.33 

JK 

RUN 3 

1.00 

10 

420.547 

430.645 

7S.53S 

85.675 

74 

80 

17.5 

ln.Hg 

RUN 4 

1.50 

10 

431.672 

441.720 

86.782 

96.815 

75 

82 

14.5 

RUNS 

2.00 

10 

442.252 

452.315 

97.489 

107.525 

75 

84 

12.5 

RUN 6 

•4.00 

10 

453.255 

463.235 

108.599 

118.627 

76 

84 

9.0 

Vw2-Vw,      NetVolrnneRTM 10.001            9.541           10.098          10.048 10.063           9.980 

Vd2-Vd,       Net Volume DGM 10.000           10.101          10.140          10.033 10.036           10.028 

Y 1.003              0.950             1.005             1.011 1.014             1.000 

dH@ 1.656             1.888            1.710            1.783 1.755             1.857 

AVERAGE y=                  1.001 (Reference meter coirecUon factor of 1.004) 

Average Y Range s 0.981             TO             1.021 ACCEPT 

AVERAGE dH9 «             1.775 ■ 

Average dHO Range = 1.575              TO               1.975 ACCEPT 

Calenlatlons   .                                                                                   | 
y = (vw Pb • CTd + 460)) / fVd • (Pb + (dHd / 13.6)) • (Tw +460)) 

dH« - 0.0317 • dHd / (Pb CTd + 460)) • ((fTw +460) • t) / VW)A2 

Inttiil Dir Ou Meter Calibration Form (Bn^di DnlU)       2001 Yearly Calibration 
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ENVIRONMENT^^ gUAMTT BCANAGEBIENT 

THERMOCOUPLE DIGnVVL INDICATOR 
CALIBRATION DATA SHEET 

DATE: 13-Mar-02 

OPERATOR: JK 

INDICATOR NO.: 

SERIAL NO.: 

CALIBRATION DEVIC Thermocouple Simulator     MANUFACTURER; 

MB-7 

10285505 

Omega 

TEST 
POINT NO. 

MILLIVOLT 
SIGINAL 

EgmVALENT 
TEMP, °F 

DIGITAL 
INDICATOR TEMP 

READING. °F 
DIFFERENCE, % 

1 -0.692 0 0 0.0 
2 1.520 200 200 0.0 
3 3.819 400 396 0.5 
4 6.092 600 600 0.0 
5 8.314 800 801 0.1 
6 10.560 1000 1000 0.0 
7 22.251 1200 1199 0.1 
8 29.315 1400 1397 0.2 
9 36.166 1600 1601 0.0 
10 42.732 1800 1800 0.0 

Percent difference must be less than or equal to 0.5 % 

Percent difference: 

Where °R= °F + 460 

(Equivalent Temp,.°R - Digital Indicator Temp., °R) * ( IC 
(Equivalent Temp., °R) 

ACCEPT 

DIGITAL INDICATOR 2001 Yearly Calibratiion 
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ENVIRONMENTAL QUALITY MANAGEMENT 

Box No.: MB7 

Date: April 30, 2002 

CaUbrated By JK 

Plant: Moody AFB GA 

DH 

inHg 

Vwi 

Vwa 

Vdi 

Vdj 

Tw 

Td 

t 

Delta H 

Vacuum 

Initial RTM 

Final RTM 

Initial DGM 

Final DGM 

Ave. Temp RTM °F 

Ave. Temp DGM °F 

Time (mln.) 

Bar. Press.fPb): 

Pretest Gamma: 

Pretest dH®: 

RUNl 

3.00 

13.00 

144.665 

159.910 

177.622 

192.520 

71.0 

77.0 

15.0 

29.05 

1.001 

1.775 

RUN 2 

3.00 

13.00 

159.910 

174.225 

192.520 

206.950 

72.0 

79.0 

15.0 

In. Hg 

RUN 3 

3.00 

13.00 

174.225 

190.064 

206.950 

222.715 

73.0 

81.0 

16.0 

jilllPliBIIHIII^^ 
Vwa-Vw, NetVolimieKl'M 15.245 14.315 15.839 

Vd2 - Vdi NetVolimieDGM 14.898 14.430 15.765 

Y 1.027 0.998 1.012 

dH@ 1.664 1.887 1.754 

AVERAGE Y = 1.003 

% Difference from Yeai^Y= 0.236 ACCEPT 

AVERAGE dH@ = X.769 

Calculations 

Y = (Vw • Pb • fTd + 460)) / (Vd * (Pb + (dHd / 13.6)) » fTw +460)) 

dH@ = 0.0317 • dHd / (Pb fTd + 460)) • ((fTw +460) * time) / Vw)'^2 

Posttest Dry Gas Meter Calibration Form (English Units) 
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ENVraONMENTAL QUALHY MANAGEMENT 

Box No.: MB-B Bar. Pre93.(Pb): 29.33 ln.Hg 

Date 3/14/02 Calibrated By: 

RUN 2 

0.75 

JK 

RUN 3 

1.00 

RUN 4 

1.50 

RUNS 

2.00 

HBBHHHBBB ■      RUNl RUN 6 

DH Delta H 0.50 4.00 

InHg Vacuum 10 10 10 10 10 10 

Vw, Initial RTM 473.842 484.796 496.125 507.315 518.706 530.618 

Vwj Final RTM 483.975 495.235 506.445 517.490 529.335 540.815 

Vd, Initial DOM 45.775 56.689 68.015 79.181 90.554 102.419 

Vdj Final DGM 65.810 67.075 78.175 89.235 101.080 112.445 

TV Ave. Temp RTM "F 76 77 77 77 76 76 

Td Ave. Temp DGM °F 79 81 82 82 82 83 

t 
NMHUHnj 

Time (mln.) 23.8 20.5 17.5 

MM 
14.5 13.0 9.0 

HRIHI 
Vwj - Vw, Net Volume RTM 10.133 10.439 10.320 10.175 10.629 10.197 

Vdj-Vd, Net Volume DGM 10.035 10.386 10.160 10.054 10.526 10.026 

Y 1.014 1.011 1.023 1.018 1.016 1.020 

dHO 1.582 1.666 1.650 1.752 1.714 1.782 

AVERAGE V- 1.021 (Reference meter coirectlon factor of 1.004) 

Average Y Range ■ 1.001 TO 1.041 ACCEPT 

AVERAGE dH® - 1.691 

Average dHO Range » 1.491 TO 1.891 ACCEPT 
Calculations                                                                                         ) 

Y-(VWPb • fTd + 460)) / (Vd • (Pb ■► (dHd / 13.6)) rrw+460)) 

dH« = 0.0317 • dHd / (Pb rrd + 460)) • (((Tw +460) • t)/Vw)*2 

Initial Oiy Gas Meter CallbiatloB Fonn (English Dntts)       2001 Teaily Calibration 
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ENVIRONMENTAL QUAUTT MANAGEMENT 

THERMOCOUPLE DlGfTAL INDICATOR 
CAUBRATION DATA SHEETT 

DATE: 13-Mar-02 

OPERATOR: JK 

INDICATOR NO.: 

SERIAL NO.: 

CAUBRATION DEVICniennocouple Simulator     MANUFACTURER: 

MB-8 

10285505 

Omega 

TEST 
POINT NO. 

MILLIVOLT 
SIGINAL 

EQUIVALRNT 

TEMP,°F 

DIGITAL 
INDICATOR TEMP 

READING. °F 
DIFFERENCE. % 

1 0 0 0.0 
2 200 200 0.0 
3 400 397 0.3 
4 600 600 0.0 
5 800 801 0.1 
6 1000 1001 0.1 
7 1200 1199 0.1 
8 1400 1398 0.1 
9 1600 1602 0.1 
10 1800 1800 0.0 

Percent difference must be less than or equal to 0.5 % 

Percent difference: (Equivalent Temp..°R- Digital Indicator Temp.. °R) * ( IC 
(Equivalent Temp., °R) 

Where °R= °F + 460 ACCEPT 

DIGITAL INDICATOR 2001 Yearly Calibratiion 
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ENVIRONMENTAL QUALITY MANAGEMENT 

Box No.: MB 8 Bar. Press.fPb): 

Date: April 30. 2002 Pretest Gamma: 

Calibrated By JK                  Pretest dH®: 

Plant: Moody AFB GA 

DH 

inHg 

Vw, 

Vwa 

Vd, 

Vda 

Tw 

Td 

t 

Delta H 

Vacuum 

Initial RTM 

Final FTM 

Initial DGM 

Final DOM 

Ave. Temp RTM °F 

Ave. Temp DGM °F 

Time (mln.) 

RUN 1 

3.00 

5.00 

76.662 

96.385 

523.826 

543.115 

71.0 

78.0 

19.0 

AVERAGE Y = 

% Difference from Yearly Y = 

1.007 

•1.340 

1.697 

29.05 

1.021 

1.691 

RUN 2 

3.00 

5.00 

96.385 

115.125 

543.115 

561.825 

71.0 

82.0 

19.0 

In. Hg 

RUN 3 

3.00 

5.00 

115.125 

128.935 

561.825 

575.785 

72.0 

85.0 

14.0 

MK^KKSKKKK^"'^'^^BHBSHBK^M 
Vwj - Vw, Net Volume RTM 19.723 18.740 13.810 

Vd2 - Vd, Net Volume DGM 19.289 18.710 13.960 

Y 1.028 1.015 1.006 

dH® 1.592 1.751 1.747 

ACCEPT 

AVERAGE dH® = 

Calciilationa 

Y = (Vw • Pb • rrd + 460)) / (Vd • (Pb + (dHd / 13.6)) • fTw +460)) 

dH® = 0.0317 • dHd / (Pb (Td + 460)) • (((Tw +460) • time) / Vw)'^2 

Posttest Dry Gas Meter Calibration Form (English Units) 
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ENVIRONMENTAL QUALITY MANAGEMENT 

Date: 1/7/02 
Vest Box Numben VB-1 

Flow Rate: 
Rotameler Setting: 
Bubble Meter Temp.: 

0.3 
72 

1                                                                 Runl                                                                 1 
i         Bubble Meter Meter Box 

1 2562 Initial Volume 4579.00 
2 256.3 Final Volume 4596.35 
3 256.4 Initial Temp. 88 
4 256.4 Final Temp. 90 
5 256.8 Average Temp. 89 
6 256i Time: 64 
7 256.5 QDGM= 262.699 

Average: 256J8 Y= 0S760 

1                                                                     Rim2                                                                     1 
1         Bubble Meter Meter Box 

1 256.1 Initial Volume 4560.00 
2 2565 Fmal Volume 4577.48 
3 256.3 Initial Temp. 85 
4 2S6S Final Temp. 88 
5 256.3 86.5 
6 256.6 Time: 64 
7 2563 QDGM=: 265.878 

Average: 25637 y= 0.9642 

1                                                                     Rim3                                                                     1 
1         Bubble Meter Meter Box 

1 256.4 Initial Volume 4597.00 
2 256 Fmal Volume 4614.39 
3 255.8 Initial Temp. 90 
4 256.0 Fmal Temp. 88 
5 256.4 Average Temp. 89 
6 256.6 Traie: 64 
7 256.5 QDGM= 263.305 

Average: 25&24 y= 0.9732 

QDGM = (((Vmj - Vm,) • TBm°R) / Crni°R * Tmie) ) * 1000 

Y = Bm Average / QDGM Average Ys 0.9711 

VOST Box Calibration Sheet 2002 Yearly Calibration 
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ENVIRONMENTAL QUALITY MANAGEMENT 

Date: l/2rt)2 
Vost Box Number VB-1 

Flow Rate: 
Rotameter Setting: 
Bubble Meter Temp.: 

•Jl/min 
0.55 
69 

1                                                                      Run 1                                                                     1 
1         Bubble Meter Meter Box 

1 488.9 Initial Volume 4281.00 

2 488.S Rnal Volutne 4288.00 

3 488.6 Initial Temp. 88 

4 488 Rnal Temp. 89 

5 488.1 Aveiage Temp. 88.5 

6 488.1 Time: 13.33 

7 487.9 QDGM= 506.462 
Average: 48834 Y= 0.9642 

1                                                                      Rmi2                                                                     1 

1         Bubble Meter Meter Box 

1 485.6 Initial Volume 4289.00 

2 486.0 Rnal Volume 4295.00 

3 485.8 Initial Temp. 89 

4  < 486.3 Rnal Temp. 88 

5 486 Average Temp. 88J 

6 486.1 Time: 11.54 

7 486 QDOM= 501.446 

Average: 48SS7 Y= 0.9691 

1                                                                      Rons                                                                     1 
1         Bubble Meter Meter Box 

1 484.9 Initial Volume 4296.00 

2 484.9 Hnal Volume 4302.00 

3 484.7 Initial Temp. 88 

4 484.7 Rnal Temp. 88 

5 486 Average Temp. 88 

6 485.4 Time: 11.52 

7 485.3 QDGM= 502.775 

Average: 485.13 Y= 0.9649 

QDGM = (((Vmj - Vm,) • TBm°R) / (Tm°R • Time) ) • 1000 

Y = Bm Average / QDGM Avenge Y= 0J)661 

VOST Box Calibration Sheet 2002 Yearly Calibration 
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ENVIRONMENTAL QUALITY MANAGEMENT 

Date: 
Vost Box Number 

1/2J02 
VB-1 

Row Rate: 
Rotameter Setting: 
Bubble Meter Temp.: 

LOI/min 

QDGM = (((Vmj - Vm,) • TBm°R) / (Tni°R * Time))» 1000 

Y = Bm Average / QDGM Average Y= 

1 
68 

1                                                                      Ran 1                                                                     1 
1         Bubble Meter Meter Box 

1 951.5 Initial Volume 4314.00 
2 950.6 Knal Volume 4326.00 
3 948.9 Initial Temp. 88 
4 949.4 Fmal Temp. 89 
5 948.6 Average Temp. 88.5 
6 948.9 Time: 11.51 
7 949.1 QDGM= 1003.606 

Average: 949.57 Y= 0JM62 

1                                                                      Ran2                                                                     1 
1         Bubble Meter Meter Box 

1 947.4 Initial Volume 4327.00 
2 946.2 Final Volume 4337.00 
3 947.7 Initial Temp. 89 
4 946.5 Final Temp. 88 
5 946.2 Average Temp. 88.5 
6 947.1 Time: 9.54 
7 945.9 QDGM= 880.897 

Average: 946.71 Y= 1.0747 

1                                                                     Run3                                                                     1 
1         Bubble Meter Meter Box 

1 949.7 Initial Volume 4338.00 
2 948.6 Final Volume 4348.00 
3 946.5 Initial Temp. 89 
4 943.6 Final Temp. 89 
5 944.2 Average Temp. 89 
6 944.8 Time: 10 
7 944J2 QDGM= 839.845 

Average: 945.94 Y= 1.1263 

1.0491 

VOST Box Calibration Sheet 2002 Yearly Calibration 
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ENVIRONMENTAL QCALITY MANAGEMENT 

THERMOCOUPLE DIGriAL INDICATOR 
CALIBRATION DAIA SHEET 

CAUBRATION DEVICE Tliemiocoupte Simulator 

INDICATOR NO.: 

_SERIALNO.: 

MANUFACTURER: 

TESTPOIOT 
NO. 

KDUIVOLT 
SIOINAL 

EQUIVALENr 
TCMP.V 

DIGITAL INDICATOR 
TEMP READING. "K 

DIFFERENCE. W 

1 -0.692 0 0 0.0 
2 1.520 100 100 0.0 
3 3.819 200 202 0.3 
4 6.092 300 301 0.1 
6 8.314 400 400 0.0 
6 10.960 500 501 0.1 
7 22.251 1000 1002 0.1 
8 29.315 1300 1302 0.1 
9 36.166 1600 1603 0.1 
10 42.732 1900 1903 0.1 

Percent dtfference must be leaa tban or equal to 0.5 % 

Percent difference: fEqulvalentTeinp,.*R-Digital lndicatorTtemp..*W( lOOWt 

[ Equivalent Temp.. *IQ 

Where*R- •r*4«) ACCEPT 

DIGITAL INDICATOR aOOe Yearly CalbntioM 
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E>fVIRONMENTAL QUALTTY MANAGEMENT 

THERMOCOUPLE DIGITAL INDICATOR 
CAUBRATION DATA SHEETT 

CALIBRATION DEVICE Themiocouple Simulator 

INDICATOR NO.: 

_SERIAL NO.: 

MANUFACTURER Omeea 

TEST POINT 
NO. 

MILLIVOLT 
SIGINAL 

EQUIVALENT 
TEMP.°F 

DIGITAL INDICATOR 
TEMP READING. "F 

DIFFERENCE, % 

1 -0.692 0 0 0.0 
2 1.520 100 100 0.0 
3 3.819 200 202 0.3 
4 6.092 300 301 0.1 
S 8.314 400 400 0.0 
6 10.560 500 501 0.1 
7 22.251 1000 1002 0.1 
8 29.315 1300 1302 0.1 
9 36.166 1600 1603 0.1 
10 42.732 1900 1903 0.1 

Percent difference must be less than or equal to 0.5 % 

Percent difTerence: 

Where°R. °Ft460 

(EquivalentTemp..°R - Digital IndlcatorTemp.. °R) ' ( 100%! 

(Equivalent Temp.. *R) 

ACCEPT 

DIGITAL INDICATOR 2002 Yearly CalibraUons 
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E>fVIRONMENTAL QUALITY MANAGEMENT 

Date: 3/20/01 
Vosi Bojc Number VB-2 

Flow Rale: 
Rotameter Setting: 
Bubble Meter Temp.: 

OJVmln 
0.6 
72 

1                                                                  Runl                                                                 1 
1          Bubble Meter Meter Box 

1 530.5 Initial Volume 4069.00 
2 530.7 Fmal Volume 4074.00 
3 511.4 Initial Temp. 84 
4 512.2 Final Temp. 85 
5 530.3 Average Temp. 84.5 
6 527.3 Time: 10.07 
7 530.3 QDGM= 485.126 

Average: 524.67 Y= 1.0815 

1                                                                      Run 2                                                                     1 
1         Bubble Meter Meter Box 

1 520.1 Initial Volume 4075.00 
2 526.7 Final Volume 4080.00 
3 527.6 Initial Temp. 85 
4 528.7 Rnal Temp. 86 
5 537.7 Average Temp. 85.5 
6 527.5 Time: 10.15 
7 530.2 QDGM= 480.420 

Average: S2S36 Y= 1.0998 

1                                                                      Run 3                                                                      1 
1          Bubble Meter Meter Box 

1 523.1 Initial Volume 4081.00 
2 534 Final Volume 4086.00 
3 507 Initial Temp. 86 
4 533.8 Fmal Temp. 86 
5 530.7 Average Temp. 86 
6 504.1 Time: 10.1 
7 502.7 QDGM= 482.356 

Average: 519J4 Y= 1.0767 

QDGM = (((Vm, - Vm,) * TBm°R) / (Tm°R • Time)) • 1000 

Y = Bm Average / QDGM Average Y= 1.0860 

VOST Box Calibration Sheet 2002 Yearly Calibration 

E-22 



ENVIRONMENTAL QUALTIY MANAGEMENT 

Dale: 3/20/01 
Vost Box Number VB-2 

Flow Rate: 
Rotameter Setting: 
Bubble Meter Temp.: 

1.01/min 
1.1 
73 

1                                                                                             RPDI                                                                                            1 
i         Bubble Meter Meter Box 

1 99S Initial Volume 4087.00 
2 1012.0 Fmal Volume 4097.00 
3 1023 Initial Temp. 86 
4 1013 Final Temp. 87 
5 999 86.5 
6 1001 Tmie: 10.17 
7 1011 QDGM= 958.994 

Average: 1008.14 Y= 1.0512 

1                                                                      Run2                                                                     1 
1         Bubble Meter Meter Box 

1 1030.0 Initial Volume 4100.00 
2 996.0 Final Volume 4110.00 
3 1009 Initial Temp. 87 
4 1021 Final Temp. 87 
5 1011 Average Temp. 87 
6 1007 Time: 10.28 
7 1008 QDGM= 947.866 

Average: 1011.71 Y= 1.0674 

1                                                                           Rm.3                                                                          1 
1        Bubble Meter Meter Box 

1 998.6 Initial Volume 4111.00 
2 1017 Fmal Volume 4121.00 
3 1015 Initial Temp. 87 
4 1010.0 Final Temp. 88 
5 1008 Average Temp. 87.5 
6 1009 Time: 10.27 
7 1012.0 QDGM= 947.922 

Average: 1009JM Y= 1.0654 

QDGM = «(Vm2 - Vm,) • TBm°R) / (Tm°R • Time) )• 1000 

Y=Bm Average / QDGM Average Y= L0613 

VOST Box Calibration Sheet 2002 Yearly Calibration 
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ENVIRONMENTAL QUALITY MANAGEMENT 

THERMOCOUPLE DIGFTAL INDICATOR 
CALIBRATION DATA SHEET 

DATE: 2-Jan-02 

OPERATOR: AH 

CALIBRATION DEVICE: Thennocouple Simulator 

INDICATOR NO.: 

_SERIALNO.: 

MANUFACTURER: 

VB-2 

Omega 

TEST POINT 
NO. 

MILLIVOLT 
SIOINAL 

EQUIVALENT 
TEMP. °F 

DIGITAL INDICATOR 
TEMP READING, °F 

DIFFERENCE, % 

1 -0.692 0 0 0.0 
2 1.520 100 100 0.0 
3 3.819 200 202 0.3 
4 6.092 300 300 0.0 
5 8.314 400 399 0.1 
6 10.560 500 500 0.0 
7 22.251 1000 1001 0.1 
8 29.315 1300 1301 0.1 
9 36.166 1600 1602 0.1 
10 42.732 1900 1901 0.0 

Percent difference must be less than or equal to 0.5 % 

Percent difference: 

Where°R= °F + 460 

(Equivalent Temp,.°R - Digital Indicator Temp.. Iq * (100%) 

(Equivalent Temp., °R) 

ACCEPT 

DIGITAL INDICATOR 2002 Yeariy Calibration 
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i] 
'Environmental Quality Management, Inc. 

DRY GAS THERMOCOUPLES AND IMPINGER THERMOCOUPLES 

The dry gas thermocouples are calibrated by comparing them with an ASTM-3 

thermometer at approximately 32°F, ambient temperature, and a higher temperature between 

approximately 100°F and 200°F. The thermocouples agreed within 5°F of the reference 

thermometer. The impinger thermocouples are checked in a similar manner at approximately 

32°F and ambient temperature, and they agreed within 2°F. The thermocouples may be checked 

at ambient temperature prior to the test series to verify calibration. Calibration data are included 

in the following Dry Gas Thermometer and Impinger Thermocouple Calibration Data Sheet(s). 
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ENVIRONMENTAL QUALITY MANAGEMENT 

TEMPERATURE SENSOR CALIBRATION DATA FORM 
FOR SAMPLE HEADS 

DATE: 26-Dec-01 

Reference 
point 

number 

Source* 
(Specify) 

Reference 
Thermometer 

Temperature,''F 

Thermocouple 
Potentiometer 

Temperafure,°F 

Temperature 
Difference," 

"P 

Sample Head No. 1 
1 
2 

Ambient Air 
Cold Bath 

68 
37 

69 
37 

1 
0 

ACCEPT 

Sample Head No. 2 
1 
2 

Ambient Air 
Cold Bath 

68 
37 

66 
38 

0 
1 

ACCEPT 

Sample Head No. 3 
1 
2 

Ambient Air 
Cold Batti 

68 
36 

69 
36 

1 
0 

ACCEPT 

Sample Head No. 4 
1 
2 

Ambient Air 
Cold Bath 

68 
37 

68 
38 

0 
1 

ACCEPT 

Sample Head No. 5 
1 
2 

Ambient Air 
Cold Bath 

68 
37 

69 
37 

1 
0 

ACCEPT 

Sample Head No. 6 
1 
2 

Ambient Air 
Cold Bath 

68 
37 

69 
37 

1 
0 

ACCEPT 

Sample Head No. 7 
1 
2 

Ambient Air 
Cold Bath 

68 
37 

68 
38 

0 
1 

ACCEPT 

Sample Head No. 8 
1 

2 

Ambient Air 
Cold Bath 

68 
37 

68 
37 

0 
0 

ACCEPT 

"Type of calibration used. 

"Allowable tolerance ±2''F 

Calibrated By:        AH 

SAMPLE HEAD 
2002 Yearly Calibration 
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ENVIRONMENTAL QUALITY MANAGEMENT 

TEMPERATURE SENSOR CAUBRATION DATA FORM 
FOR METER BOX 

DATE: 26-Dec-01 

AMBIENT TEMPERATURE: 

CAUBRATOR: AH 

68    °F 

THERMOCOUPLE NUMBER: 

BAROMETRIC PRES.(ln.H(|}: 

MB-1 

29.60 

Reference 
point 

number 

Source' 
(Specify) 

Reference 
Themxxneter 

Temperature.T 

Thermocouple 
Potentiometer 

Temperature.T 

Temperature 
OlffeFence," 

Inlet 
1 Ambient Air 68 69 1 

2 Cold Bath 36 36 0 

3 Hot Bath ISO 179 1 

Outlet 
1 AnrtWentAir 68 69 1 

2 Cold Bath 36 35 1 

' 
Hot Bath 180 178 2 

Type of calibration used. 

"Allowable tolerance ±S°F 

ACCEPT 

Comments: 

METER BOX 
THERMOCOUPLES 2002 Yearly Calibration 
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ENVIRONMENTAL QUALITY MANAGEMENT 

TEMPERATURE SENSOR CAUBRATION DATA FORM 
FOR METER BOX 

DATE: 13-Mar-02 

AMBIENT TEMPERATURE: 

CALIBRATOR:            JK 

74    f 

THERMOCOUPLE NUMBER: 

BAROMETRIC PRES.(ln.Hs): 

MB-7 

28.33 

Reference 
point 

number 

Source* 
(Specify) 

Reference 
Thermometer 

TemperaturB,"F 

Thermocouple 
Potentiometer 

Temperature^F 

Temperature 
Difference," 

T 
imet 

1 Ambient Air 74 72 2 

2 ColdBatti 40 39 1 

3 HotBat!\ 138 134 4 

Outlet 
1 AmUent Air 74 72 2 

2 CddBatt) 40 39 1 

3 HotBatti 138 134 4 

•Type of calltjration used. 

"Allowable tolerance ±5"F 

ACCEPT 

Comments: 

METER BOX 
THERMOCOUPLES 2001 Yearly Calibration 
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ENVIRONMENTAL QUALITY MANAGEMENT 

TEMPERATURE SENSOR CAUBRAT10N DATA FORM 
FOR METER BOX 

DATE: 13-Mar-02 

AMBIENT TEMPERATURE: 

CAUBRATOR:          JK 

74 

THERMOCOUPLE NUMBER: 

BAROMETRIC PRES.(ln.Hg): 

MB-8 

29.33 

Referenco 
point 

number 

Source' 
(Specify) 

Reference 
Thermometer 

Tempefature,"F 

Thermocouf^e 
Potentiomster 

Temperature.T 

Temperature 
Dlffensnce," 

"F 
tnret 

1 Ambient Air 74 71 3 

2 Cold Bath 41 41 0 

3 Hot Bath 138 134 4 

Outlet 
1 Ambient Air 74 71 3 

2 Cold Bath 41 40 1 

3 Hot Bath 138 136 2 

*Type of calit>ration used. 

'Allowable tolerance i5°F 

ACCEPT 

Comments: 

HETER BOK 
THERMOCOUPLES 2001 Yearly Calibration 
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ENVROhfMENTAL QUALTIY MANAGEMENT 

TEMPERATURE SENSOR CAUBRATION DATA FORM 
FOR METER BOX 

DATE Z-JarH)2 

AMBIENT TEMPERATURE: 

CAUBRATOR:         

67 

AH 

TXERMOCOUPUE NUMBER: 

BAROMETRIC PRES^n.Hg): 

VB-1 

29.60 

poM 
number 

Source* 

(Specify) 
Raiarance 

Thamunwiar 
Tempefalure.°F 

HienmocoiVla 

TemperatufB.T 

Temperatun 
DIKewnce.' 

f 
InM 

1 AmMentAIr 87 67 0 

2 COM Beth 36 36 0 

3 HotBeSi 138 136 2 

Outlel 
1 AnUentAir 67 67 0 

2 COM Bath 37 37 0 

3 Hot Bath 148 148 0 

Type of callbtatlon usad. 

'Allowable tolerance +5°F 

ACCEPT 

Comfuwits* 

VOSTBox 
Thermocouples 2002 YcaHy OifibfotioM 
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E^fVrRONMENTAL QUALITY MANAGEMENT 

TEMPERATURE SENSOR CALIBRATION DATA FORM 
FOR METER BOX 

DATE: 2-Jan-02 

AMBIENT TEMPERATURE: 

CAUBRATOR: AH 

67 

THERMOCOUPLE NUMBER: 

BAROMETRiC PRES.(ln.Hg): 

VB-2 

29.60 

Refarence 
point 

number 

Source" 
(Specify) 

Reference 
Thennomeler 

Tecnperature'F 

Thermocoupte 
Potentiometer 

Temporatut6,°F 

Temperature 
rafference," 

Intel 
1 AmblenlAir 67 66 1 

2 Cold Bath 38 38 0 

3 Hot Bath 130 130 0 

Outlet 
1 AmWenlAIr 67 67 0 

2 Cold Bath 38 38 0 

3 Hot Bath 132 131 1 

"Type of calitjratkin used. 

'Allowable tolerance +S°F 

ACCEPT 

Comments: 

vast Box 
Ttwmiocouptes 2002 Yearly Calibrations 

E-31 



s^.—■-,.. * Environmental Quality Management, Inc. 

STACK THERMOCOUPLES 

Each thermocouple is cahbrated by comparing it with an ASTM-3F thermometer at 

approximately 32°F, ambient temperature, 212°F, and 500°F. The thermocouple reads within 

1.5 percent of the reference thermometer throughout the entire range when expressed in degrees 

Rankine. The thermocouples may be checked at ambient temperature at the test site to verify the 

calibration. Calibration data are included in the following Thermocouple Calibration Data 

Sheet(s). 
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2C03 YEWIV Ca!!)>*l'>on« ENVIRONMEWTAL OUALITV MANAGEMENT 
STACK THERMOCOUPLES 

Thanno 
10 

Tfiem, 
Dst8 

Calibrate 
Ait5bien 

Air 
Di«.. % CcMBtS 1     OilF.. % HotEsth Diff.^i Hot 03 1 Oitr..^ AcoJ^l-Rejecl 

rz-t Reieteno fi 7 s 16 i 44?      _ 
ACCEPT Pile! e 8      '^■'^ a 15 

~      048 
■"      440       °-^ 

T2-2 
Rsfemnc 9    .-,»,«. 6 s 17 ■"460' ■:■'■■" 

ACCEPT PitfM 
2iZ7fO 

6 ?      °*^ y 161 ' 458      °-^ 

1^-3 
Rafensnc 6 3 lei 460       „ „, 

ACCEPT Pitet 6 3 
020 

17 454       ^-^^ 

T2-4 
Heietetia a r 3 20< 43 .._ 

ACCEPT PJIO! 7 
0 

3. 20< i      _.433l     ^-^ 

T2-S 
R«(«rana s 

PiXOi ' COO 

72-6 
Rftfer«n« j 6 s 18 4Sf ,.aa ACCEPT Pitst 61 

0.00 
3 16 44 

T2-7 Bef arena 3/27/02 7 0.15 3t 040 16 C,16 36 0.36 ACCEPT 
Pitot r 3 16^ 565 

T3-t 
Referenc 12/?7»1 6 3S IK 46C 

ACCEPT Pnoi 6 
O.IS 

3C 
0.00 is: 0.49 

45; 
T3-2 R8*ef«nw ia27/01 6 ai9 3e 0.40 16f ai6 443 0..»4 ACCEPT 

Pita «E f 161 43) 
T3-3P fieietenM lasa/pi 65 0.13 41 0.40 172 0.63 46< 0.43 ACCEPT 

PitOt 67 *S lee 451 
T3-4P RBtemnc IE.-"i«t''Oi €S 0.19 31 0.20 te: 0.15 6a 0.65 ACCEPT 

Pitol 67 3? 161 454 
T3-5 Reteranca t2/26J01 ^ 0.19 3i 0.20 18E 0,62 '■'       456 0.11 ACCEPT 

PitM 6 37 184 465 
T3-6 RMerencfi 12y26.'01 s 0.00 31 029 18? 0.46 "456 0.11 ACCEPT 

Pilot ea ■39 164 455 
T4-1 =taf«fenc«i la-ss^i & 0.19 2i OJO 177 016 460 0.22 ACCEPT 

pm a M 176 458 
T4-2 Rererenco i2/2a;ot e 0.00 3£ 0.20 17i 0.31 46( 0.54 ACCEPT 

Pilot » 40 176 452 
T4-3P Rffte!WH» 12J2&tJl e 0.00 36 0.00 184 0.31 436 0.00 ACCEPT 

Pilot 6 36 186 436 
T4-4P Reteronce 12/28^)1 6 Q.W 3£ 0.20 18C 0.16 44C 0.S7 ACCEPT 

Pifet GS 37 179 43^ 
T4-5 Rafwwca iz*2a«:i 6 0.00 35 0.61 152 0.16 460 0.65 ACCEPT 

PiKA e 38 151 454 
T4-« PalfmKi 12.<2fi,^l 6! 0,00 35 000 17E 0.63 458 0.C0 ACCEPT 

Pitot ee 35 17£ 458 
T4-7 Raferenw la'ss/oi eg 0.00 36 0.40 m 0.47 458 an ACCEPT 

Pilot 6 3B 175 457 
T4-a R»fa^a.^{:p 3/£?.'02 7: ai9 37 0^ 165 0.16 400 0.35 ACCEPT 

Pilot 72 36 164 397 
T5-1 Hsier^nce 12/28/01 & 0.00 26 0.20 181 O.O0 450 0.11 ACCEPT 

Pilot 68 37 181 449 
TS-2P Rfiiflr-ncs ia2ft'02 6B 0.00 37 acxj 186 0.31 458 0.22 ACCEPT 

Piiot &3 37 1B4 456 
TS-3 ^efarsTcs 12/29/01 68 0.00 36 0.20 178 ai6 450 0.22 ACCEPT 

Pnol 68 37 177 448 
T5-4 RetefEftce asr^-M 73 019 36 0.20 170 0,32 33C Oi4 ACCEPT 

Pita 72 35 168 389 
n-5 Raferenw 3/2;A)2 73 0.19 36 0.20 170 0.32 402 0.35 ACCEPT 

pitol 7a 35 188 399 
T6-1 Reference lasai'oi 68 0.O0 38 0.20 138 0.30 451 033 ACCEPT 

PMot 68 39 19S 448 
T6-2 Rptcrence iz/sarot &E 0.0C 38 020 1S8 0.(5 451 0.11 ACCEPT 

Pitct &Q 39 199 4AC 

T6-3P Referftftce tz-zaftn 66 0.00 38 aoo ISE 0.15 453 a£i ACCEPT 
PiKt 63 36 -87 451 

T6-4P Hetsmnc* la'sa.'Oi 63 0.00 37 0.CO 2C0 CIS 454 0.11 ACCEPT 
PlWl 63 37 199 453 

T6-S Jfit»rsnce 12/2S«1 «8 0.19 3Ei 0.00 198 0.30 461 0.11 ACCEPT 
Pito! 67 38 196 450 

T7-1 ?6!ererc£ l£/28.^1 69 0.13 37 0.40 180 0.31 450 0.55 ACCEPT 
Pitol 69 33 rra 445 

T8-1 ^e!«reno3 i^se/oi 66 0.00 37 0.40 ISO 0.62 456 0.44 ACCEPT 
Pilot 6B 39 196 •fe2 

Ta-2 ^ftifirenra IS'ZS^)) 63 0.19 37 0.20 200 0.30 440 0.11 ACCEPT 
Piio! eg 38 198 439 

Ta-3P ^lilsmnni iasa/oi G8 ai9 37 0.20 181 0,16 440 9.33 ACCEPT 
PltOl 69 36 180 437 

roAP 58l<rerK6 i2?2a«n 68 0.00 37 0.00 181 0.16 440 0.44 ACCEPT 
PitOt sa 97 180 436 

T8-5 ?a!efence 12/24-01 68 0.00 37 0.«     j_ 202 a45 460 0.65 ACCEPT 
Pitot 68 39 193 454 

ta-i eiaisncft 12/29/01 ee 0.00 38 0.20 163 0.15 ♦*0 aoo ACCEPT 
Piici ea 39 182 440 

10-1      f ■siBf^noe las&^i 63 0.00 38 D.20 181 016 **3 0.22 ACCEPT 
i Pi.«. ■( 68 2S 132 446 

TIM    ]f et&reraii 12;2a'Cl £8 0.00 39 0.00 160 0.31 443 0.55 ACCEPT 
1     P^     1 68 39 178 443 

E-33 
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