






























SpaceX 

1 Rocket Road 

Hawthorne, CA 90250 

 

December 18, 2025 

South Coast Air Quality Management District 

Permit Services 

Diamond Bar, CA 91765 

Work: (909) 396-3385 

E-mail: PermitServicesOnline@aqmd.gov 

 

Subject: Permit Application for Four Wax Burnoff Furnaces 

 

Dear Permit Services: 

Space Exploration Technologies (SpaceX) is submitting this application for permits to construct 

for four Wax Burnoff/Preheat furnaces at the HT27 facility at 3901 Jack Northrop Ave, Hawthorne 

(Facility ID: 191558).  Permit applications were originally filed in February 2025 for equipment 

operating without a permit.  The Sinae Kim/SCAQMD issued a Denial Letter on December 16, 

2025 (communicated December 17, 2025) stating that documentation is required that the 

equipment meets the requirements of Rule 1147.  The equipment complies with Rule 1147. 

Documents are being submitted to show compliance with Rule 1147: 

▪ A source test protocol was submitted to SCAQMD on December 15, 2025.  Expedited 

review was requested with David Lui; 

▪ A complete source test report for Preheat 3 (test date 10/15/2025) from Montrose is 

undergoing final edits; 

▪ Source tests were performed on all furnaces. Table 1 summarizes results.  Attachment 4 is 

a summary of results.  Reports will be submitted as soon as possible. 

Table 1: Furnace Source Test Results 

Source Name Location Test Date App. No. 

Test Results 

Test 

Condition 

NOX (ppm @3% 

O2) 

CO  (ppm @3% 

O2) 

Wax Burnoff 

Furnace 

(PREHEAT1) 

South 

Foundry/Pump 

Line 

12/16/25 658071 

Low-Fire 17.7 272.1 

High-Fire 17.1 260.9 

Wax Burnoff 

Furnace 

(BURNOUT 1) 

South 

Foundry/Pump 

Line 

12/17/25 658073 
Low-Fire 23.6 411.0 

High-Fire 25.4 217.3 

Wax Burnoff 

Furnace 

(BURNOUT 2) 

North 

Foundry/TCA 

Line 

12/18/25 658075 
Low-Fire 27.6 387 

High-Fire 29.3 237.2 

Wax Burnoff 

Furnace 

(PREHEAT3) 

North 

Foundry/TCA 

Line 

10/15/25 658076 

Low-Fire 24.1 36.0 

High-Fire 
23.0  

(0.017 lb/MMBtu) 

38  

(0.017 lb/MMBtu) 

Permit filing fees were paid.  Attachment 2 is the payment voucher and receipt of payment.  
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Equipment/Item Area A/N 

Rule 301 

Table IA/IB 

Description 

Sched. Explanation Fee 

Wax Burnoff Furnace 

(PREHEAT1) 

South Foundry 

(Pump Line) 
658071 

Furnace, Burn 

Off, Wax 
C 

Permit 

Processing 
$6,259.78 

Wax Burnoff/Shell Preheat 

Furnace No. 3 (BURNOUT 1) 

South Foundry 

(Pump Line) 
658073 

Furnace, Burn 

Off, Wax 

Identical 

Equipment 

301(c)(1)(E) 

(50%) 
$3,129.89 

Wax Burnoff Furnace 

(Cerberus) (PREHEAT3) 

North Foundry 

(TCA Line) 
658076 

Furnace, Burn 

Off, Wax 

Identical 

Equipment 

301(c)(1)(E) 

(50%) 
$3,129.89 

Wax Burnoff/Shell Preheat 

Furnace No. 3 (BURNOUT 2) 

North Foundry 

(TCA Line) 
658075 

Furnace, Burn 

Off, Wax 

Identical 

Equipment 

301(c)(1)(E) 

(50%) 
$3,129.89 

  Subtotal $15,649.45 

Equipment Operating without a Permit 301(c)(1)(C) 50% subtotal $7,824.74 

  
 

Total $23,474.19 

 

Should you have any questions please contact Nicholas Engebretson (310) 844-2952, or Ruthanne 

Bruch (414) 429-1511. 

 

Sincerely, 

 

 

Nicholas Engebretson 

Lead EHS Engineer 

SpaceX 

 

  

Attachments: 

1. Application Forms 

2. Fee Voucher and Payment Receipt 

3. Source Test Protocol 

4. Preliminary Source Test Results 
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NOx & CO Source Test Protocol: Four Furnaces 
1.0 INTRODUCTION 

Space Exploration Technologies (SpaceX) is submitting this source test protocol for four identical 
Furnaces to demonstrate that NOx and CO emissions meet the South Coast Air Quality 
Management District (SCAQMD) permit limits and the requirements of SCAQMD Rule 1147 - 
NOx Reductions from Miscellaneous Sources.  The Furnaces are used for wax burnoff and 
preheating of ceramic investment casting molds.  The molds are used to manufacture metal 
components with aerospace alloys.  The source test is required by Rule 1147. 

Table 1-1 lists the equipment. 

Table 1-1: Equipment List 

Equipment Description Location A/N 

Wax Burnoff/Preheat Furnace (PREHEAT1) South Foundry (Pump Line) 658071 

Wax Burnoff /Preheat Furnace (BURNOUT 1) South Foundry (Pump Line) 658073 

Wax Burnoff /Preheat Furnace (BURNOUT 2) North Foundry (TCA Line) 658075 

Wax Burnoff/Preheat Furnace (PREHEAT3) North Foundry (TCA Line) 658076 

The equipment is located at HT27, 3901 Jack Northrop Avenue in Hawthorne, California 
(SCAQMD Facility ID 191558). 

1.1 Purpose 

The purpose of the test program is to verify that the NOx and CO emissions from the natural-gas-
fueled furnaces comply with the emission standards of SCAQMD Rule 1147.  This test protocol is 
consistent with the requirements of Rule 1147(d) – Requirements. 

During the source test, the furnace exhaust will be evaluated to determine the following parameters: 

 Oxides of nitrogen (NOx); 

 Carbon monoxide (CO); 

 Carbon dioxide (CO2); 

 Oxygen (O2); 

 Moisture content; 

 Temperature; 

 Flow rate. 

In addition, during the source test the following data will be recorded using a calibrated fuel meter: 

 Natural Gas Fuel Consumption (scf) corrected to standard temperature and pressure. 
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1.2 Facility Contact Information 

Facility contact information is provided in Table 1-3. 

Table 1-22: Facility Contact Information 

Applicant Name: Space Exploration Technologies (SpaceX) 

Facility ID: 191558 

Mailing Address: 
1 Rocket Rd. 
Hawthorne, CA 90250 

Equipment Location: 
HT27 
3901 Jack Northrop Avenue. 
Hawthorne, CA 90250 

Contact: Ruthanne Bruch 

Phone: (414) 429-1511 

E-mail: Ruthanne.Bruch@spacex.com 

1.3 Protocol Preparer 

This protocol was prepared by Yorke Engineering, LLC.  Technical questions regarding this 
protocol can be directed to Mr. Moore as listed in Table 1-4. 

Table 1-33: Protocol Preparers 

Name: Peter Moore Justin Thompson 
Title: Principal Engineer Scientist 

Phone: (949) 248-8490 (949) 248-8490 
Fax: (949) 248-8499 (949) 248-8499 
Cell: (949) 466-8465 (562) 477-9345 

E-mail Address: PMoore@YorkeEngr.com  JThompson@YorkeEngr.com 

1.4 Source Testing Organization 

SpaceX intends to use one of the source testers listed in Table 1-4.   

Table 1-4: Source Test Organizations 

Company Name Contact Phone 

Montrose Air Quality Services Rudy Nunez (714) 279-6777 
Alliance Technical Group Greg Rubin (714) 889-4000 

However, SpaceX may choose to use any other source test company certified by SCAQMD under 
their Laboratory Approval Program (LAP).  The complete list of LAP approved sources testers can 
be accessed from the following website:http://www.aqmd.gov/docs/default-source/laboratory-
procedures/lap-contact-info.pdf?sfvrsn=4 

In addition, the designated testing organization will be screened to ensure it is an “independent 
testing laboratory” with no conflict of interest under SCAQMD Rule 304(k)(4). 
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2.0 FACILITY AND SOURCE INFORMATION 

SpaceX designs, manufactures, and launches advanced rockets and spacecraft.  At the Hawthorne 
facilities, SpaceX manufactures the Falcon 9 rocket, Dragon spacecraft, components of the Starship 
launch vehicle, and elements of the Starlink satellite internet system.  

2.1 Equipment Location 

Space X’s HT27 facility is south of Hawthorne airport, and north of Jack Northrop Ave; see Figure 
2-1. 

Figure 2-1: Facility Boundary and Equipment Location 

 

2.2 Source Description 

The furnaces are used for wax burnoff and preheating of ceramic investment casting molds.  
Investment casting is used to make metal components from aerospace alloys. The furnaces are used 
to remove any residual moisture from molds, volatilize the residual pattern material through the 
integrated afterburner, and preheat the mold prior to filling it with molten metal.  The furnaces are 
natural gas fired.  Each furnace is rated at 2.0 mmBtu/hour, and each integrated afterburner is rated 
at 2.0 mmBtu/hour, for a total heat input of 4.0 mmBtu/hour per furnace.   The furnace dimensions 
are 12’W x 15’ L x 14’ H.  The afterburner stacks are 50' tall and 38” internal diameter, and vent 
vertically through the roof. Ventilation is provided by one combustion air blower. 

Each furnace is equipped with a dedicated natural gas fuel meter. Current fuel meter calibrations 
will be included with the test report. 

Table 2-1 summarizes the equipment and application numbers.  Permit numbers have not been 
issued yet.  



NOx & CO Source Test Protocol:  Four Wax Burnoff/Preheat Furnaces 
Space Exploration Technologies 

  4 

Table 2-1: Equipment Summary 

 Equipment Description Location Permit No. App. No. 
Wax Burnoff/Preheat Furnace (PREHEAT1) – 
Pump PH1 

South Foundry 
(Pump Line) 

- 658071 

Wax Burnoff /Preheat Furnace (BURNOUT 1) –  
Pump BO1 

South Foundry 
(Pump Line) 

- 658073 

Wax Burnoff /Preheat Furnace (BURNOUT 2) – 
TCA BO2 

North Foundry 
(TCA Line) 

- 658075 

Wax Burnoff/Preheat Furnace (PREHEAT3) – 
TCA PH1 

North Foundry 
(TCA Line) 

- 658076 

Table 2-2 provides the equipment details. Figure 2-2 shows a schematic of one of the 
burnoff/preheat furnaces. 

Table 2-2: Equipment Description 

Make  Armil CFS 

Model Tru-Heat Box Furnace 

Dimensions 
12’W x 15’ L x 14’ H (Wax Burnoff Furnace) 
3’ D x 16’ H (Afterburner) 

Burner Make/Model Eclipse ThermJet TJ0100 (2 of them)  

Burner Heat Input Rating 2,000,000 Btu/hour (total) 

Afterburner Make/Model Eclipse Thermjet TJ0200 

Afterburner Heat Input Rating 2,000,000 Btu/hour 

Fuel Natural Gas (both) 

Operating Temperature 
Minimum 1200 ºF (Afterburner) 
Maximum 2200 ºF (Wax Burnoff Furnace) 

Blowers One Combustion Air Blower 

Fuel Meter Will be provided with final report 
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Figure 2-2:  Equipment Schematic:  Burnoff/Preheat Furnace 

 

3.0 OVERVIEW OF TEST PROGRAM 

3.1 Test Objectives 

The purpose of this test program is to demonstrate compliance with NOx and CO emission limits 
specified in Rule 1147.  The emission limits are NOx 30 ppm @ 3% O2 dry (or 0.036 lb/mmBtu), 
and CO 1000 ppm @3% O2 averaged over a period of 15 to 60 consecutive minutes.  Source test 
requirements are specified in Rule 1147(h). 

3.2 Proposed Test Methods 

Testing will be performed according to SCAQMD Methods 1.1 - 4.1, and Method 100.1.  Each of 
these methods is described in detail in Section 4 and Appendix C.   

Rule 1147(d) requires measurement of NOx, CO2 and O2 concentrations.  In addition, the test will 
measure CO, volumetric stack flow to determine the NOx mass emission rate, and fuel flow to 
determine the heat input rate.  This information can be used to determine if the unit complies with 
the alternate Rule 1147 NOx limit in terms of lb/mmBtu.  

3.3 Source Test Operating Conditions 

Source testing will be performed consistent with the requirements of Rule 1147(h) which requires 
compliance to be determined: 

A. Using a District approved test protocol averaged over a period of at least 15 and no more 
than 60 consecutive minutes; 

B. After unit start up;  
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C. In the unit’s as-found operating condition. 

D. Compliance determination shall be made in the maximum heat input range at which the unit 
normally operates; 

E. An additional compliance determination shall be made using a heat input of less than 35% 
of the Rated Heat Input Capacity; or for at least 30 consecutive minutes after unit startup 
using the minimum operating temperature that may be used during normal operation of the 
unit. 

Because of the stringent quality, reliability, and performance requirements for materials produced 
in the furnace for space flight applications, the furnace will be tested while empty or containing 
materials that have no wax or other organic materials and operating under typical conditions.  The 
nominal furnace temperature is 2000 ⁰F, and the afterburner minimum temperature is 1200 ⁰F.  
Testing will be conducted at two conditions: 

1. During furnace ramp up to its set-point temperature, which is the maximum heat input range 
at which the furnace normally operates.   

2. While the furnace is maintaining its minimum operating temperature. 

Fuel meter readings will be recorded regularly throughout the testing interval, or at a minimum of 
start, mid, and finish of test for each operating load tested. Each meter reading interval shall not be 
less than 5 minutes or one meter revolution, whichever is more. 

3.4 Sampling Location 

Each furnace vents to a single exhaust duct, which runs vertically up to the roof.  The sample ports 
are located on the exhaust duct and will be accessed from the roof or using a boom lift. The ducting 
is 38 inches internal diameter.  Two 3-inch sample ports are installed 90° from each other around 
the perimeter of the duct.  The sampling port is at least 0.5 stack diameters downstream of the 
nearest disturbance and at least 2.0 stack diameters upstream of the nearest disturbance. All stack 
dimensions will be verified prior to testing. 

The sampling parameters are summarized in Table 3-1.  Figure 3-1 shows a figure of the exhaust 
duct and sample ports.   

Table 3-1: Stack Configuration 

Equipment ID Upstream Downstream Stack Diameter No. of Sampling Ports 
South PH 1 90" (2.4 SD) >150" (3.9 SD) 38” 2 
South BO 1 90" (2.4 SD) >150" (3.9 SD) 38” 2 
North PH 3 90" (3.0 SD) >150" (5.0 SD) 38” 2 
North PH 2 90" (3.0 SD) >150" (5.0 SD) 38” 2 
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Figure 3-1:  Exhaust Duct – Sample Port Locations 

 

3.5 Source Test Date 

The source test will be conducted within 30 days after the SCAQMD approves the protocol, unless 
an extension is granted by SCAQMD.   

4.0 SAMPLING ANALYTICAL METHODS 

The sampling and analytical methods that will be used are listed in Table 4-1.  Gaseous sampling 
for NOx, CO, CO2 and O2 will be performed by SCAQMD Method 100.1.  Volumetric flow rate 
will be determined by SCAQMD Methods 1.1 - 4.1.  The CEM probe will be traversed during 
measurement of gaseous emissions.  The stack will be checked for the absence of cyclonic flow.  
The NO2 Converter Efficiency test will be performed at the beginning of the day.  If a gas divider 
is used during the test, EPA Method 205 Blender verification will be performed at the start of the 
test program.  The QAQC procedures for Method 100.1 are described in greater detail in Appendix 
C. 

If stack Oxygen concentrations are greater than 19%, stack CO2 emissions will be used to correct 
NOX and CO emissions to 3% O2 as described in the SCAQMD “Source Test Protocol for 
Determining Oxygen Corrected Pollutant Concentrations from Combustion Sources with High 
Stack Oxygen Content Based on Carbon Dioxide Emissions”.  Stack CO2 emissions will be 
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measured using SCAQMD 100.1 and the default value of 500 ppm for ambient CO2 because the 
Furnaces have combustion air inlet composition that is free of CO2 or CO sources. 

Table 4-1: Sampling and Analytical Methods (NOx & CO Compliance Test) 

Load 
Test 

Method 
Pollutants 

Number of 
Samples 

No. of 
Stacks 

Sampling 
Duration 

(min) 

Normal 
Operation 

M100.1 

NOx 

1 1 
≥ 15 and <60 

(~36 min) 

CO 

CO2 

O2 

M2.1 
Stack Gas Flow 

Rate 

M4.1 
Stack Gas 
Moisture 

<35% Load, or 
for 30 min. after 
startup at lowest 
operating temp. 

M100.1 

NOx 

1 1 
≥ 15 and <60 

(~36 min) 

CO 

CO2 

O2 

M2.1 
Stack Gas Flow 

Rate 

M4.1 
Stack Gas 
Moisture 

1 Stack x 2 Loads = Total of 2 Samples per Furnace 

 

4.1 SCAQMD Method 100.1 

Sampling for gaseous pollutants will follow SCAQMD Method 100.1.  A leak check of the entire 
sampling system will be performed prior to the test.  The leak test will be accomplished by plugging 
the tip of the Continuous Emissions Monitoring (CEM) sampling probe and observing the gauge 
on the vacuum side.  The Continuous Emissions Monitoring System (CEMS) will be connected, 
and the sampling pump will be started.  The probe tip will be blocked and the flow on the rotameter 
mounted on the manifold will be checked.  When the flow indicating bulb located on the rotameter 
drops to the bottom, the sample pump will be turned off.  At this time, the vacuum gauge will be 
observed for 5 minutes.  No resultant vacuum loss with the pump turned off ensures that the 
sampling system is leak-free.  The tester will mark the pre- and post-test leak checks on the strip 
chart. 

All quality assurance/quality control (QAQC) procedures described in Method 100.1 will be 
followed.  All analyzers, including NOx, CO, CO2, and O2, will be calibrated using Environmental 
Protection Agency (EPA) Protocol 1 gas traceable to 1% National Institute of Standards and 
Technology (NIST) standards.  Each of the analyzers will be calibrated directly and indirectly.  The 
direct calibration will include the introduction of calibration gases directly to the analyzers at three 
levels: zero [Ultra-High Purity (UHP)-grade nitrogen (N2)], mid-grade calibration blend balanced 
N2 at 40-60% of the range, and high-grade calibration blend balanced N2 at 80-100% of the range.  
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The acceptable analyzer response is within 2% of the range.  Direct calibration needs to be 
performed before and after the test.  Pre- and post-test analyzer linearity shall be below 1%. 

Indirect calibration (system bias) is accomplished by introducing the calibration gas at the probe tip 
and recording the response.  The acceptable response is below 5% of the range.  System bias needs 
to be performed before and after each test.  System bias calibration drift between pre- and post-test 
shall be below 3%. 

During the test, if the measured concentration drops below 20% of the selected analyzer range, the 
tester will inject a low-level calibration gas close to the actual concentration observed during the 
test to verify the analyzer accuracy at the lower level. 

4.1.1 Calculations 

4.1.1.1 Emission Drift Corrections 

The following equation will be used for O2, CO2, CO and NOx emission drift corrections. 

  










om

ma
ogas CC

C
CCC

 (Eq. 1) 

Where, 

Cgas  = Effluent gas concentration, ppmv dry; 

C = Emissions concentration recorded during the test, dry, ppmv or %; 

Cma = Concentration of the span gas used in the drift correction, ppmv or %; 

Cm = Average response of initial and final system bias response, upscale; and 

Co = Average response of initial and final system bias response, zero. 

4.1.1.2 NOx Correction to 3% O2 

The actual CO and NOx concentration will be converted to 3% O2, as shown below. 

Meascorr C
MeasO

ppmC 












29.20(

)39.20(
%3@,  (Eq. 2) 

Where, 

Ccorr  = Concentration corrected to 3% O2 

O2Meas = % O2 measured during the test (drift corrected) 

CMeas  = ppmv measured during the test (drift corrected) 

4.1.1.3 Mass Emission Rate 

The NOx mass emission rate can be calculated using the equation shown below (Ref: Rule 1146 
Standard Protocol, Section 7.3.3): 

𝐸 ൌ ሺ𝐾ሻ ൈ
ሺ20.9ሻ

ሺ20.9 െ %𝑂2ሻ
ൈ ሺ𝐹𝑑ሻ ൈ ሺ𝑃ሻ 
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Where: 

E = NOx Emissions Rate (lb/mmBtu); 

K =  Constant for NOx = 1.195 x 10-7; 

%O2 = O2 concentration in stack, %; 

Fd = Oxygen based F-Factor, dry basis; and 

P = Average NOx concentration in stack, dry ppmv. 

4.2 SCAQMD Methods 1.1 and 4.1 

Volumetric flow measurement will be performed by measuring the stack differential pressure, 
temperature and moisture.  After determining the number of sampling points (M1.1), the tester will 
measure the volumetric flow rate following M2.1.  The tester will deploy a calibrated S-type Pitot 
tube and a K-type thermocouple to measure the differential/static pressures and stack temperatures.  
The Pitot tube and thermocouple are strapped together and connected to a manometer and 
thermocouple reader.  For low flow velocity, the test may use a low-level manometer (0 - 1 inch 
H2O column) or digital manometer traceable to NIST standards and capable of reading to 0.00001 
inch of H2O. 

A leak check of the Pitot tube is completed prior to taking the measurements.  One end of the S-
type Pitot tube is blown to obtain 2-3 inches of water.  One end of the s-type Pitot tube is plugged 
and the manometer is observed.  Immediately, the other end of the tip is plugged and the pressure 
drop in the liquid level inside the manometer is examined for 1-2 minutes.  No drop in the liquid 
pressure level inside the manometer ensures that the pitot sampling assembly is free of all leaks.  
The leak checks are performed before and after each test.   Cyclonic flow is measured by rotating 
the Pitot tube such that the face of the S-type Pitot tube is perpendicular to the stack flow.  The 
positive end of the pitot is disconnected and the change in the liquid level is recorded.  This 
constitutes successful static pressure measurement.  When a protractor is strapped to the pitot, the 
angle displayed by rotating the pitot indicates the yaw angle.  Combined cyclonic flow shall not 
exceed 10.  For flow measurements, the Pitot tube and the thermocouple are positioned 
sequentially at each of the traverse points.  Temperature and differential pressure are recorded at 
each point and recorded on the data sheets. 

There is one circular stack venting the emissions from the Furnace.  Two sample ports, 90 apart, 
will be installed on the circular duct.  The sample ports will comply with SCAQMD Method 1.1 
sample location criteria. 

Stack gas moisture content is determined gravimetrically using the wet impingement method.  The 
moisture sampling train consists of four glass impingers.  The first 2 impingers contain 100 ml of 
H2O, followed by an empty impinger.  The fourth impinger contains a known amount of silica gel 
crystals.  Each of the impingers is weighed and recorded.  A minimum of 21 dscf of stack gas is 
pulled through the impingers using a sealed vacuum pump.  The total moisture gain is determined 
gravimetrically by comparing the weights using a top load electronic balance with 0.05 gm 
accuracy. 
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4.2.1 Calculations 

4.2.1.1 Sample Gas Volume Determination 

𝑉௠ೞ೟೏
ൌ 0.03342 𝑥 𝑉௠ 𝑥 ൬𝑃௕௔௥ ൅

Δ𝐻
13.6

൰  𝑥 ൬
𝑇௥௘௙
𝑇௠

൰  𝑥 𝛾 (Eq. 4) 

Where: 

𝑉௠ೞ೟೏
 = Gas volume metered at standard conditions, ft3; 

Vm = Volume of exhaust gas sampled through dry gas meter, ft3; 

Tm = Average dry gas meter temperature, F (Tm + 460 = R); 

Pbar = Barometric pressure at the orifice meter, inches of Hg; 

H = Average pressure drop across the orifice meter, inches of H2O; 

13.6 = Specific gravity of mercury; 

Pstd = Absolute pressure at standard conditions, 29.92 inches of Hg; and 

 = Dry gas meter correction factor. 

 

4.2.1.2 Water Vapor Volume Determination 

𝑉௪ೞ೟೏
ൌ 𝑉௟ 𝑥 ൬

𝜌𝐻ଶ𝑂
𝑀𝐻ଶ𝑂

൰ 𝑥 ൬
𝑅 𝑥 𝑇௦௧ௗ
𝑃௦௧ௗ

൰ ൌ 0.0464
𝑓𝑡ଷ

𝑚𝑙
𝑥𝑉௟ (Eq. 5) 

Where: 

𝑉௪ೞ೟೏
 = Volume of water vapor present in the exhaust gas at standard conditions; 

Vl = Volume of water collected during the test; 

H2O = Density of water, lb-mole; 

MH2O = Molecular weight of water (18 lb/lb-mole); 

R = Ideal gas constant (379.48 ft3/lb-mole); 

Tstd = Absolute temperature at standard conditions, 528R; and 

Pstd = Absolute pressure at standard conditions, 29.92 inches of Hg. 

 

4.2.1.3 Moisture Content Determination 

𝐵௪ ൌ ቆ
𝑉௪ೞ೟೏

𝑉௠ೞ೟೏
൅ 𝑉௪ೞ೟೏

ቇ (Eq. 6) 
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Where: 

Bw = Proportion by volume of water vapor in the gas stream 

 

4.2.1.4 Stack Gas Molecular Weight Determination 

𝑀𝑊ௗ௥௬ ൌ 0.44 𝑥 ሺ%𝐶𝑂ଶሻ ൅ 0.32 𝑥 ሺ%𝑂ଶሻ ൅ 0.28 𝑥 ሺ%𝑁ଶሻ (Eq. 7) 

 
 

𝑊௪௘௧ ൌ ሺ1 െ 𝐵௪ሻ ൅ 18 𝑥 ሺ𝐵௪ሻ (Eq. 8) 

Where: 

Mwdry = Dry molecular weight of stack gas, lb/lb-mole; and 

Mwwet = Wet molecular weight of stack gas, lb/lb-mole. 

 

4.2.1.5 Absolute Stack Pressure Determination 

 

𝑃௦ ൌ ൬𝑃௕௔௥ ൅
𝑃௦௧௔௧௜௖
13.6

൰ (Eq. 9) 

Where: 

Ps = Absolute stack pressure, inches of Hg; 

Pbar = Barometric pressure measured during the test, inches of Hg; and 

Pstatic = Stack static pressure, inches of Hg. 

 

4.2.1.6 Stack Gas Velocity Determination 

𝑉௦௔௩௚ ൌ 2.90 𝑥 𝐶௣ 𝑥 ඥΔ𝑃 𝑥 Tୱ 𝑥 ඨ൬
29.92
𝑃௦

൰ 𝑥 ൬
28.95
𝑀𝑊௪௘௧

൰ (Eq. 10) 

Where: 

𝑉௦௔௩௚ = Average stack velocity, feet per second (fps); 

Cp = Pitot coefficient, 0.84 (assigned by U.S. EPA, 0.99 standard); 

Tsavg = Average stack temperature F (absolute, R); 
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Pavg = Average velocity head of stack gas, inches of H2O; 

Ps = Absolute stack pressure, inches of Hg; and 

MWwet = Wet molecular weight of stack gas, lb/lb-mole. 

4.2.1.7 Exhaust Gas Volumetric Flow Rate Determination 

𝑄 ൌ 𝑉௦ 𝑥 𝐴௦ 𝑥 60 (Eq. 11) 

Where: 

Q = Stack gas volumetric flow rate, scfm; and 

As = Cross-sectional area of stack, ft2. 

 

4.2.1.8 Standard Stack Gas Flow Rate Determination 

 

𝑄௦௧ௗ ൌ 𝑄 𝑥 ሺ1 െ 𝐵௪ሻ 𝑥 ൬
𝑇௥௘௙
𝑇௦

൰  𝑥 ൬
𝑃௦

29.92
൰ (Eq. 12) 

Where: 

Qstd = Stack flow rate at standard conditions, dry (dscfm) 

 

Note: In the event of any discrepancies between the calculations here and those in the reference 
methods, the reference method calculations will be used. 

4.3 Calculations 

All calculations will be included in the final report including calculations for emissions, flows, and 
laboratory emission calculations. 

4.4 Equipment Servicing  

The source test will be performed at as-found conditions.  The furnace will not be serviced on the 
day of the source test. 

4.5 Sampling Port Access 

The facility will provide safe sampling platform(s), scaffolding, or mechanical lifts on the day of 
the test so that testing personnel can have safe and easy access to the sampling ports.  
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5.0 QUALITY ASSURANCE AND QUALITY CONTROL PROCEDURES 

5.1 Sampling Protocol 

Sampling will be organized in a manner that facilitates sample management, analytical performance 
management, and data management.  Personnel will be assigned specific tasks to ensure 
implementation of the QAQC program. 

The sample analyst will perform the analyses and initial data review.  Each analyst must check and 
initial their work, making certain that it is complete, determining that instrumentation has been 
properly calibrated and ensuring that the analysis has been performed within the QAQC limits. 

The data submitted by the analyst will be evaluated by first assessing the validity of the analytical 
method chosen for the analysis.  After data verification, the report will be prepared following the 
guidelines specified in each method, the calculations checked, the data assembled and signed, and 
the report completed. 

5.2 Equipment Maintenance 

All major pieces of equipment have maintenance logs to document maintenance activities.  Table 
5-1 lists routine maintenance activities that are performed on source testing equipment. 

Table 5-1: Test Equipment Maintenance Schedule 

Equipment Acceptance Limits Frequency of Service Methods of Service 

Pump 
1. Absence of leaks Every 500 hours of 

operation or 6 months, 
whichever is less 

1. Visual inspection 2. Ability to draw within 
reported specifications 

Flow Meter 
1. Free mechanical movement Every 500 hours of 

operation or 5 months, 
whichever is less 

1. Visual inspection 

2. Absence of malfunction 
 

2. Clean 
3. Calibrate 

Sampling 
Instrument 

1. Absence of malfunction 
2. Proper response to zero, 
span gas 

As recommended by 
manufacturer 

As recommended by 
manufacturer 

Mobile Van 
Sampling 
System 

1. Absence of leaks Depends on nature of use 

1. Change filters 
2. Change gas dryer 
3. Leak check 

4. Check for system 
contamination 

Sampling 
Line 

Sampling degradation after each test less than 1% of test 
series 

Flush with solvent and blow 
air through line until dry 

5.3 Equipment Calibration 

The S-type pitot tubes are calibrated initially upon purchase and semiannually thereafter.  Visual 
inspections/measurements are taken prior to each use to ensure accidental damage has not occurred.  
This check is documented on the calibration forms.  Measurement is performed using a micrometer 
and compass. 

Each temperature sensor is marked and identified.  This is done by marking each thermocouple 
end-connector with a number.  This sensor is calibrated as a unit with the control box potentiometer 
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and associated lead wire as an identified unit.  Calibrations are performed initially and annually at 
multiple three points over the range of expected temperatures for that particular thermocouple.  A 
non-multiple three-point check is performed bimonthly thereafter.  As an alternative to the three 
baths, an oyster calibrator thermometer is used as a temperature reference source. 

The field barometer is adjusted initially and semiannually to within 0.1 inches of Hg of the 
atmospheric pressure as reported by Los Angeles International Airport.  There is no correction 
between Los Angeles International Airport and the test location.  The field dry gas test meter is 
calibrated against a reference dry gas test meter before its initial use and semiannually thereafter. 

The dry gas meter orifice is calibrated before its initial use and then annually.  This calibration is 
performed during the calibration of the dry gas test meter.  The unit is checked in the field after 
every series of tests using a field gas meter check procedure. 

Analytical balances are internally calibrated prior to use following the manufacturer’s instructions.  
The balances are further checked using Class S-1 analytical weights prior to daily usage.  Field 
top-loading balances are also internally calibrated prior to use and checked with a field analytical 
weight prior to usage. 

5.4 Data Validation 

The data presented in final reports are reviewed three times.  First, the analyst reviews and certifies 
that the raw data comply with technical controls, documentation requirements, and standard group 
procedures.  Second, the Principal Chemist reviews and certifies that data packages comply with 
specifications for sample holding conditions, chain of custody, and data documentation and that the 
final report is free of transcription errors.  Third, a quality assurance review is performed by other 
senior personnel.  This review thoroughly examines the entire completed data report.  The report is 
signed off and sent out.  All raw laboratory data and final reports are stored for 5 years. 

6.0 REFERENCES 
 

1. SCAQMD Rule 1147, amended May 6, 2022. 

2. SCAQMD Method 100.1, dated March 1989. 

3. SCAQMD Method 1.1-4.1, dated March 1989. 

4. Source Test Protocol for Determining Oxygen Corrected Pollutant Concentrations from 
Combustion Sources with High Stack Oxygen Content Based on Carbon Dioxide 
Emissions, dated March 3, 2011. 

 



 

  

APPENDIX A – PERMITS TO OPERATE 

Equipment Description Location Permit No. App. No. 

Wax Burnoff/Preheat Furnace (PREHEAT1) 
South Foundry 
(Pump Line) 

- 658071 

Wax Burnoff /Preheat Furnace (BURNOUT 1) 
South Foundry 
(Pump Line) 

- 658073 

Wax Burnoff /Preheat Furnace (BURNOUT 2) 
North Foundry 

(TCA Line) 
- 658075 

Wax Burnoff/Preheat Furnace (PREHEAT3) 
North Foundry 

(TCA Line) 
- 658076 

 

 

 

 

 

  



 

  

APPENDIX B – CONTINUOUS GAS MONITORING REQUIREMENTS 

 Appendix B-1: General Continuous Gas Monitoring Requirements 

 Appendix B-2: Sample Conditioning Requirements 

 Appendix B-3: NO2 to NO Conversion Test Procedure 

  



 

  

APPENDIX B-1 – GENERAL CONTINUOUS 
GAS MONITORING REQUIREMENTS 

The SCAQMD requires continuous gas monitoring equipment employing sample extraction and 
conditioning and electronic detection to be conducted strictly according to the EPA gaseous monitoring 
method, with the emphasis upon representativeness, documentation, and quality assurance.  This includes, 
in part: 

1. Gas analyzers must meet minimum acceptable standards for method of detection, sensitivity, noise, 
precision, linearity, and interference.  Also, the gas sample extraction and conditioning equipment 
(probe, filter, pump, conditioner, connective plumbing, etc.) and data acquisition and logging 
equipment shall meet minimum acceptable specifications, as described in the QAQC portion of 
the gaseous sampling method. 

2. It is recommended that the entire sampling system for continuous gas monitoring instruments 
should be leak checked before and after each test run by evacuating the system to a minimum of 
20 inches of Hg vacuum and plugging for a period of 5 minutes.  The resultant loss of vacuum 
cannot exceed 1 inch of Hg during this period. 

3. Calibration of all analyzers must be accomplished at zero, mid-span (40-60% of full-scale range), 
and high-span (80-95% of full-scale range).  The lowest practicable range should be selected for 
monitoring, so that the measured emission values are within 20-95% of the range.  If a significant 
amount of the data are outside of this range, the data may be rejected, depending upon the 
application. 

4. The calibration gases must be certified according to EPA Protocol Number 1 or certified to an 
analytical accuracy of +1% and be NIST traceable (except cal gases used for system bias check), 
following EPA-600/R93/224, “EPA Traceability Protocol for Assay and Certification of Gaseous 
Calibration Standards,” TABLE 2-2.  Superblend or multi-component blend gas recertifications 
are based upon the individual component(s) with the shortest recertification date. 

5. Field calibrations employing gas dilution systems (mass flow or critical orifice) must be performed 
in accordance with EPA Method 205, “Gas Dilution Verification Protocol.”  A five-point check is 
required. 

6. A calibration error check and zero/span drift check must be performed before and after each test 
run.  Calibration error must be less than +2% of the range of measurement for zero, mid, and high-
range calibration gases.  Zero/span drift must be less than +3% of the range of measurement. 

7. A system bias check must be performed before and after each test run by alternately introducing 
cal gases to the entire sampling system, then to the gas analyzer(s), for comparison.  The difference 
cannot exceed +5% of the analyzer range. 

8. Semi-annual analyzer certifications consisting of linearity plot, calibration curve, response time, 
and interference response must be furnished with the other calibrations to satisfy quality assurance 
documentation requirements. 

9. NOx measurement must be performed in the NOx mode of the analyzer.  An NO2 to NO converter 
is required if NO2 constitutes 5% or more of the total NOx in the sample stream or the rule or permit 
condition requires “NOx” monitoring.  The NO2 to NO converter must be at least 90% efficient 
(use the NO2 to NO converter efficiency procedure).  The converter should be high-temperature 
(650°C) stainless steel, if no NH3 is present.  If NH3 is present in the sample stream, then a low-
temperature (350°C) molybdenum catalyst must be used in the converter.  This check must be 
done at the beginning of the test. 



 

  

10. The connective tubing from the probe to the sample conditioner must be heated above the dew 
point and the dew point reported.  The sample conditioner must be able to maintain a dew point 
temperature of 37°F or less. 

11. Data recorder resolution must be at least 0.5% of the range of measurement.  A data point for each 
contaminant/diluent monitored must be recorded at least once/minute.  Analog chart recorders 
must have a minimum 10-inch chart width, with 100 minor divisions. 

12. All facets of testing must be continuously recorded.  This includes the three-point calibration, 
system bias, calibration error, and zero/span drift checks, which must precede and conclude each 
test run. 

13. All chart traces, or digital printouts, must be included in the final report and must be clearly 
identified as to: 

 location/source  range changes 
 operator initials  range of measurement 
 date/running times  calibrations 
 actual test interval  cal gas concentration/cyl. no. 
 contaminant/diluent  range of calibration 

14. When more than one gas trace is shown on a chart, the individual traces must be distinguishable 
by color coding or some other means (original charts may be submitted and returned following 
evaluation).  If a gas measurement range has been “offset” from zero or zero has been “transposed” 
to the right side of the recorder chart, it must be clearly identified.  This offset should not be more 
than five small divisions of the chart.  This data must be corrected using the ratio of the offset. 

15. Gaseous measurements must be conducted a minimum of 60 continuous minutes at each load or 
specified condition, after the readings have stabilized. 

16. Sampling locations not meeting the minimum site selection standards for EPA Method 1 must be 
tested for absence of stratification.  (A gaseous constituent concentration profile differing more 
than 10% between any two monitoring points within the same cross-sectional plane of a stack or 
duct indicates stratification.)  If stratification is present and alternate approved site selection or 
modification is not possible, then special monitoring will be required. 

  



 

  

ATTACHMENT B-2 – SAMPLE CONDITIONING REQUIREMENTS 

For gaseous sampling method tests, proper sample conditioning is essential for representative sampling.  
Sample conditioning includes removal of particulate matter and moisture present in the sample gas stream.  
The design of the sample conditioning system must be such that during the process of particulate and 
moisture removal, the pollutants of interest are not also removed from the gas stream.  Method 100 
requires that the tester select a system that will have a minimum “scrubbing” effect.  In particular, NO2 
and SO2 are more susceptible to scrubbing than, for example, NO or CO, because of their high solubility 
in water.  Since 3A, 7E, and 10B are reference methods, it is required that a sample conditioning system 
cause only minimum loss of these pollutants. 

The EPA recommends a gas sampling system that can be used universally 1  (i.e., under all testing 
conditions).  The setup includes a heated ¼-inch stainless steel probe with a 50-80 micron size, sintered 
316 stainless steel or ceramic filter at the tip, and a short (not more than 6 feet) heated Teflon line to the 
sample conditioning system.  The temperature of the probe and the Teflon line should be maintained at 
about 250°F.  The conditioning system consists of a pair of standard Greenburg-Smith impingers with the 
stems cut to about 1-inch length from the top, immersed in a bath containing water and dry ice pellets, and 
immediately followed by a thermo-electric cooler or permeation drier.  The gas temperature at the outlet 
of the impinger shall be less than 60°F and the gas at the drier outlet shall be maintained at a dew point 
less than 37°F.  If the drier cannot be directly connected to the impinger outlet, then a Teflon line heated 
to 10°F above the impinger outlet gas temperature can be used for connection.  Another particulate filter 
(~5 microns) should be in the line right after the cooler/drier.  All the temperatures should be measured 
and recorded, preferably on a strip chart recorder.  If the moisture content of the exhaust gas is below 5% 
and the sample gas flow rate is less than 10 liters/minute, the impinger setup need not be used, as long as 
no moisture condensation occurs in the system and the conditioned sample is maintained at the required 
dew point. 

PRECAUTIONS: Never allow the water in the impingers to accumulate more than ¼ of the impinger 
height.  Don’t allow the water bath to become frozen around the impingers, or cracking of the glassware 
may result.  Assure that the thermo-electric cooler/permeation drier has adequate design capacity.  Follow 
a good maintenance schedule for the cooler/drier gas conditioning system. 

Other systems may be used, upon Agency approval, emphasizing the requirements that water is removed 
immediately after separation from the gas stream and minimal water contact with the gas stream is assured. 

  

 
1 An example of a non-universally applicable water removal system is based on the refrigerated cooling coil principle.  A 
refrigerated cooling coil system can scrub out a high percentage of water-soluble pollutants due to a comparatively long 
residence time and intimate contact between the sample gases and the water droplets collected on the inside of the coil.  
Consequently, it will show a high bias for the CEMS being tested if the sample gas contains a significant amount of NO2 
compared to NOx or SO2, and therefore it may not be suitable in all cases. 



 

  

ATTACHMENT B-3 – NO2 TO NO CONVERSION TEST PROCEDURE 

NO2 TO NO CONVERSION TEST PROCEDURE 
(Alternative to O3 Titration Method – 40 CFR 50.1, Appendix F) 

1. NOx Analyzer Requirements 

a. Full span range (FSR) set so that raw readings are within 10 – 95% of FSR (e.g. 0-50 ppm) 

b. Equipped with NO and NOx modes 

2. Auditing Gas Requirements 

a. NO2 in air (or N2): Use NO2 in air for a stainless steel converter. 

b. Concentration of NO2: 15 to 18 ppm  0.5 ppm (Co, ppm) 

c. Recertification: An audit gas should be recertified after 6 months. 

3. Calibration Gas Requirements 

a. Concentration: NO (80 – 95% of FSR; e.g. 40 to 50 ppm) with less than 0.1 ppm NO2 

– high-span 

  NO (40 – 60% of FSR; e.g. 20 to 30 ppm) with less than 0.1 ppm NO2 

– mid-span 

b. Zero Gas: High purity N2 

4. Calibration of Analyzer 

a. Calibrate NO mode with the NO calibration gases. 

b. Calibrate NOx mode with the same gases without any gain adjustment. 

b1. If the analyzer is equipped with two independent gain adjusting circuits, skip 4.b., then repeat 
4.a. for the NOx mode. 

5. Conversion Efficiency (CE) Test 

a. Analyze the audit gas with NO mode.  Read and standardize concentration. 
(C1, ppm) 

b. Analyze the audit gas with NOx mode.  Read and standardize concentration. 
(C2, ppm) 

6. Calculation for Conversion Efficiency 

100
||

%
0

12 x
C

CC
CE




 

7. Criteria for Acceptability of CE 

a. % CE must be larger than 90%. 

b. C1 must be less than 5% of total NOx (NO + NO2) in the NO2 audit gas (Section 2b). 

NOTE: NO2 audit gas concentration of higher value than what is specified in Section 2 may be 
required where NO2 present in the exhaust gas being measured is greater than 60 ppm.  Select the 
NO2 gas within 10% of the expected NO2 concentration in the exhaust. 

  



 

  

APPENDIX C – SCAQMD SOURCE TEST FORMS 

 ST-1:  CHECKLIST FOR REQUEST TO REVIEW: SOURCE TEST PROTOCOL, 
REPORT, OR SPECIAL PROJECT 

 ST-2:  INFORMATION REQUEST FOR PROTOCOL, REPORT, OR SPECIAL 
PROJECT REVIEW 



FORM ST-1 

app c - st-1 st-2 wax burnoff preheat furnace (Revised 10/07/04)PAGE 1 OF 3 

MONITORING & ANALYSIS DIVISION                       MONITORING & SOURCE TEST ENGINEERING BRANCH 
 

C H E C K L I S T  F O R  R E Q U E S T  T O  R E V I E W :  
S O U R C E  T E S T  P R O T O C O L ,  R E P O R T ,  O R  S P E C I A L  P R O J E C T  

 
 
This Checklist (FORM ST-1) must accompany any request to evaluate a source test protocol, report, or special 
project.  It may be completed by the requesting AQMD Engineer or Inspector, or a representative of the Source 
Testing Firm/Laboratory/Contractor.  Verify, by checking each item below, that all the requested information has 
been provided with the attached source test protocol, report, or special project.  (An incomplete submittal will be 
returned, and will ultimately delay the evaluation process): 
 

 All Source Test Protocols and Reports Must Include: 
 Completed Review Request Memorandum.  (A request for a “Priority Review” involves Hearing Board, 

Abatement Order, or similar critical action, and must be authorized by a manager). 
 

 Statement of Confidentiality of Test Information, or similar statement, provided by company (if included). 
 

 Information Request FORM ST-2 with those applicable parts filled out completely. 
 

 Reason for test, including proposed operating test loads, reference to applicable rules/permit conditions, and 
key facility, test firm and AQMD personnel. 

 

 Complete Permit to Construct or Permit to Operate, including all conditions. 
 

 Brief process description, including maximum and normal operating temperatures, pressures, through-put, 
etc. 

 

 Brief description of sampling and analytical methods for each constituent to be measured.  If a standard 
District, EPA, or ARB method “without any deviation” will be used, reference it by method number. 

 

 Process schematic diagram showing the ports and sampling locations, including the dimensions of the 
ducts/stacks at the sampling locations, along with upstream and downstream distances to flow disturbances, 
(e.g. elbows, tees, fans) from the sampling locations. 

 

 Calibration and quality assurance (QA) procedures identified. 
 

 Statement that source test firm/laboratory qualifies as an "independent testing laboratory” under  Rule 
304 (no conflict of interest), and is approved by AQMD or ARB, if required. 

 

 Attached test firm AQMD-LAP or CARB approval, if required. 
 
 All Source Test Reports Must Also Include: 

 Field raw data sheets and laboratory data forms, where applicable. 
 

 Gas monitoring stripcharts and/or DAS printouts, legible and properly annotated, where applicable. 
 

 Complete calculations for volumetric flowrates and emissions rates, where applicable. 
 

 Complete QA supporting documentation (sampling equipment, cal gases, lab analyses, custodies). 
 

 (CEMS & Fuel Meters): Full identification/documentation for CEMS components and fuel meters 
(analyzer/fuel meter make, model, s/n, range, calibrations, etc.). 

 

 (RECLAIM/Large Source): “Certificate of No Exceptions for testing RECLAIM Large Sources” completed 
and signed. 

 

 Applicable Source Specific Protocols / Reports Must Also Include: 
 (VOC Efficiency): VOC overall efficiency (capture/collection plus control efficiencies), or transfer 

efficiency describes all sample collection points, verifies total collection, and shows all calculations and 
documentation, according to specified requirements. 

 

 (Organics Loading): Organic (VOC) liquid loading testing describes all sample collection/monitoring 
points (both liquid and vapor), verifies representative start/stop time, and shows all calculations and 
documentation, according to specified requirements. 

 

 (Particulates/sulfur): Particulate testing of effluent gas streams with high amounts of sulfur compounds 
addresses additional test preparation, equipment, calculations, and documentation. 



FORM ST-2 (TO BE COMPLETED BY E&C REQUESTER) 

1. Concentration must include correction to standard point-of-reference (NOx @ 3%O2, ROG as CH4, etc.).  If there is no “Mass Emission” 
compliance limit specified, please specify if concentration will be used only for compliance determination or whether it will also be 
calculated to a mass emission or factor (this will affect how we interpret the reported concentrations). 

 
FORM ST-2 : app c - st-1 st-2 wax burnoff preheat furnace (Revised 10/07/04) PAGE 4 OF 4 

MONITORING & ANALYSIS DIVISION                                MONITORING & SOURCE TEST ENGINEERING BRANCH 
 

I N F O R M A T I O N  R E Q U E S T  F O R  
P R O T O C O L ,  R E P O R T ,  O R  S P E C I A L  P R O J E C T  R E V I E W  

 
This Information Request (FORM ST-2) must accompany any request to evaluate a source test protocol, report, or special 
project, and it can only be completed by the requesting AQMD Engineer or Inspector.  Please mark the appropriate items and 
provide the requested information.  The sampling and analytical methods will be reviewed only for those constituents identified 
on this form, so be sure to provide as much information as possible. 
 

 
Constituent(s) 

to be measured 

 
Allowable Limit(s)1. 

 
Rule or 
Permit 

 
Sampling 

Location(s) 

 
Other 

Requirements 
 Concentration   (specify 

ppm as CH4, @ 3% O2, etc.) 
 

Mass Emission 
(specify lb/hr, 

etc.) 

Condition(s) (SCR inlet, outlet, 

exhaust, etc.) 
(test parameters, BACT, 

Rule Development, etc.) 

 
 CO 

 
@ 3% O2 

 Compliance Only 

 Mass Emissions 

 or Factors 

 
1000 ppm Rule 

1147(d)(6) 

 
exhaust  

BACT 

 
 CO2 

 
 

 Compliance Only 

 Mass Emissions 

 or Factors 

 
- - exhaust 

If needed for 
correction to 

CO2 
 

 O2 
 
 

 Compliance Only 

 Mass Emissions 

 or Factors 

 
- - 

 
exhaust For correction to 

3% O2 

 
 NOx, as NO2 

 
@ 3% O2 

 Compliance Only 

 Mass Emissions 

 or Factors 

 
30 ppm Rule 

1147(d)(6) 

 
exhaust  

BACT 

 
 SOx, as SO2 

 
 

 Compliance Only 

 Mass Emissions 

 or Factors 

 
 

 
 

 
 

 
 

 
 SO2 

 
 

 Compliance Only 

 Mass Emissions 

 or Factors 

 
 

 
 

 
 

 
 

 
 SO3 

 
 

 Compliance Only 

 Mass Emissions 

 or Factors 

 
 

 
 

 
 

 
 

 
 H2S 

 
 

 Compliance Only 

 Mass Emissions 

 or Factors 

 
 

 
 

 
 

 
 

 
 Total  

 Reduced 
 Sulfur, as SO2 

 
 

 Compliance Only 

 Mass Emissions 

 or Factors 

 
 

 
 

 
 

 
 

 
 NH3 Slip 

 
 

 Compliance Only 

 Mass Emissions 

 or Factors 

 
 

 
 

 
 

 
 

 
 Aldehydes 

 
 

 Compliance Only 

 Mass Emissions 

 or Factors 

 
 

 
 

 
 

 
 



FORM ST-2 (TO BE COMPLETED BY E&C REQUESTER) 

1. Concentration must include correction to standard point-of-reference (NOx @ 3%O2, ROG as CH4, etc.).  If there is no “Mass Emission” 
compliance limit specified, please specify if concentration will be used only for compliance determination or whether it will also be 
calculated to a mass emission or factor (this will affect how we interpret the reported concentrations). 
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MONITORING & ANALYSIS DIVISION                                MONITORING & SOURCE TEST ENGINEERING BRANCH 
 

I N F O R M A T I O N  R E Q U E S T  F O R  S O U R C E  T E S T  
P R O T O C O L ,  R E P O R T ,  O R  S P E C I A L  P R O J E C T  R E V I E W  

 
 

Constituent(s) 
to be measured 

 
Allowable Limit(s)1. 

 
Rule or 
Permit 

 
Sampling 

Location(s) 

 
Other 

Requirements 
 Concentration   (specify 

ppm as CH4, @ 3% O2, etc.) 
 

Mass Emission 
(specify lb/hr, 

etc.) 

Condition(s) (SCR inlet, outlet, 

exhaust, etc.) 
(test parameters, BACT, 

Rule Development, etc.) 

 
 TGNMO, 

Conc & Mass 
  

 
 TGNMO, 

 Efficiency 
 

(check all that apply): 
 

Transfer 
Capture/Collect 
Control/Destruct 
Overall 

 

 
 

 Compliance Only 

 Mass Emissions 

 or Factors 

 

 

 
 

 
 

 
 

 
 

 
 Speciated 

 Organics 
 (specify): 

 

 
 
 
 
 

 
 

 Compliance Only 

 Mass Emissions 

 or Factors 

 
 

 
 

 
 

 
 

 
 PM (total) 

 
 

 Compliance Only 

 Mass Emissions 

 or Factors 

 
 

 
 

 
 

 
 

 
 PM (solid) 

 
 

 Compliance Only 

 Mass Emissions 

 or Factors 

 
 

 
 

 
 

 
 

 
 PM10 

 
 

 Compliance Only 

 Mass Emissions 

 or Factors 

 
 

 
 

 
 

 
 

 
 Toxics 

 (specify): 

 
 
 
 
 

 
 

 Compliance Only 

 Mass Emissions 

 or Factors 

 
 

 
 

 
 

 
 

 



Space Exploration Technologies 
2025 Wax Burnoff/Preheat Furnace #3 Rule 1147 Compliance 

 

4.0 RESULTS 

Results indicate that Wax Burnoff/Preheat Furnace #3 complied with all applicable District Rule 
1147 emissions limits. Table 4-1 presents the analytical results for NOx and CO sampling, along 
with the field measurements taken during each test. Additional information, such as gas 
calibrations and permits, is available in Appendices A and D. 

TABLE 4-1 
TEST RESULTS 

SPACE EXPLORATION TECHNOLOGIES 
WAX BURNOFF/PREHEAT FURNACE #3 

OCTOBER 15, 2025 
     

Parameter/Units High Fire (Startup) Low Fire Compliance Limit 

     
Exhaust Gas Flow, dscfm 3,702 3,570 -- 
     
O2, % 18.3 19.4 -- 
     
CO2, % 1.52 0.85 -- 
     
NOx    

ppm, v/v 3.48 1.79 -- 
ppm, v/v @ 3% O2 24.1 23.0(1) 30 
lb/hr 0.0939 0.0465 -- 
lb/MMBtu 0.018 0.017 0.036 

     
CO    

ppm, v/v 5.20 2.95 -- 
ppm, v/v @ 3% O2 36.0 38.0(1) 1,000 
lb/hr 0.085 0.047 -- 
lb/MMBtu 0.017 0.017 0.73 

     

(1) ppm @ 3% O2 Corrected to % CO2. 
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North TCA Furnace (PH1)
Wax Burnoff Furnace (Cerberus) (PREHEAT3)
Previous AN 658076



Facility: SpaceX
Source: TCA Preheat Furnace #3
Date: 10/15/25
Standard Temperature (oF): 60

Unit Tested: High Fire Low Fire

Field Data Inputs:
  Barometric Pressure ("Hg) 30.05 30.05
  Stack Diameter (Inches) 38.0 38.0
  Pitot Correction 0.84 0.84
  Sqrt Delta P ("H20) 0.156 0.153
  Stack Temperature (oF) 157 174
  Static Pressure ("H20) 0.250 0.210
  Volume Sampled (cf) 23.812 23.812
  Meter Temperature (oF) 78 78
  Meter Gamma 0.991 0.991
  Delta H ("H20) 1.8 1.8
  Liquid Collected (mils) 13.0 13.0
  Oxygen (%) 18.3 19.44 1

  Carbon Dioxide (%) 1.52 0.85 1

  Sampling Time (min) 16 32
  Mass Emission Factor 1.583E-07 1.583E-07

Fuel Usage:
  Fuel Rate (cfh) 4,908 2,609
  Heat Input (MMBtu/hr) 5.15 2.74
  Firing rate (%) 128.8 68.5

Flow Results:
  Volume Sampled, DSCF 23.008 23.008
  Volume Sampled, DSCM 0.652 0.652
  Moisture in Sample (CF) 0.60 0.60
  Moisture(%) 2.56 2.56
  Molecular Weight (Dry) 28.98 28.91
  Molecular Weight (Wet) 28.69 28.63
  Stack Velocity (Ft/Sec) 9.5 9.4
  Actual CFM 4,485 4,447
  Standard CFM 3,800 3,663
  Dry Standard CFM 3,702 3,570

NOx: Permit Limit
     ppm 3.48 1.79
     ppm @ 3% O2 24.1  ----- 30.0
     ppm @ 3% O2 Corrected to %CO2  ----- 23.0 30
     lbs/hr 0.0939 0.0465
     lbs/MMBtu 0.018 0.017 0.036

CO:
     ppm 5.20 2.95
     ppm @ 3% O2 36.0  ----- 1,000
     ppm @ 3% O2 Corrected to %CO2  ----- 38.0 1,000
     lbs/hr 0.085 0.047
     lbs/MMBtu 0.017 0.017 0.73

1 Value from EPA 3C analysis

EMISSIONS SUMMARY
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North TCA Furnace (PH1)
Wax Burnoff Furnace (Cerberus) (PREHEAT3)
Previous AN 658076



Client Name: Space Exploration Technologies 
Plant Name: Space X 
City. State: Hawthorne. CA 

Test Location: \Vax Burnoff - Burnout I 
Job Number· PROJ-059397 

Flue Gas Composition 
Run l11fonnatio11 tvloisture Flow Rate: 01 

No. I Date I Time % dry scfm I dry scth dry 0/o 
High I 11 ]7i2015 I I l31-1215 3.93 18499 I 1109946 19.01 
Lo,, I 12/l 7 no25 I P J3-13 I I 3.20 4919 I 295116 19.97 

Arnb. CO.:: 

dry 01
0 

() ()';()() 
0 050(/ 

REFERENCE METHOD DATA SUMMARY 

Limit. .'-Cippm ',\.h " ,,, , , 1. Limit: IO00pprn CO ,1: 3''·., f ;' 
Pollutant 2: NOx (MW: 46 lb/lb-mole) Pollutant 3: CO (MW: 28 lb/lb-mole) 

CO2-L dry dry ppm** dry dry ppm** 
dry% ppm 'i1\3''.oO2 lbs,11r ppm ra,30,,,02 lbs/hr 
1.22 2.90 25.4 0.3908 24.80 217.13 2.030803 
0.67 1.42 23.6 0.051 24.80 411 0.54 

** When stack 02 concemrauons were brreater than 19%, the NOx and CO concentrations corrected to 3° o U2 were detennined using the example equation: NOx (ppm)'{/_' 3°·o 02 = NOxstk* IO 23/(CO2stk - CO2amb) 

* Based on Standard 
Conditions of 

(,O deg F and 
�') <)� Ill Hg 

Spaci: '-.: - \ktliud I oo I ( Burnout l ),CO2 CORRECTED RFSUL TS 

References 5-NOx Subrange References 125-CO Subrange defaulted to 25ppm 

I of I 

South Pump Furnace (BO1)
Wax Burnoff /Shell Preheat Furnace No. 3 (BURNOUT 1)
Previous AN 658073



South Pump Furnace (BO1)
Wax Burnoff /Shell Preheat Furnace No. 3 (BURNOUT 1)
Previous AN 658073



South Pump Furnace (BO1)
Wax Burnoff /Shell Preheat Furnace No. 3 (BURNOUT 1)
Previous AN 658073



No. 

Client Name: Space X 
Plant Name: Space X 
City, State: Hawthorne. CA 

Test Location: Cerebus Furnace 
Job Number: PROJ-059397 

Run Infonnation Moisture 

I Date I Time o,o 
High I J?/16/2015 I 1509-1546 4.67 

Low I 12/16/2025 I 1756-1835 3 . .36 

Flue Gas Composition 

Flow Rate: 02 
Amb. CO2 

dry scfin I dry scfl1 dry% dry% 

21232 I 1273937 19.25 0.0500 

5582 I 334920 19.47 0.0500 

REFERENCE METHOD DATA SUMMARY 

:·'Ti"11 \.CJ,,_ 'J .,"·,,O; 

Pollutant 2: NOx (M\V: 46 lb/lb-mole) 

CO2-L dry dry ppm** 

dry% ppm (/:3%02 lbs/11r 

1.12 1.80 17.1 0.2773 

0.98 1.61 17-7 0.07 

l1!1111 'i'l'• ,( (I Ci ()2 

Pollutant3: CO (MW: 28 lb/lb-mole) 

dry dry ppm** 

ppm {I 3 °·o()2 

48.25 460.85 

24.78 272.1 

lbs/hr 

4.535950 

0.61 

** When stack 02 concentrations were �rreater than 19%. the NO" and CO concentrations corrected to 3% 02 were detennined using the e:-.:ample equation: NOx (ppm)@ 3% 02 = NOxstk* I 0.23/(CO2stk - CO2amb I 

* Based on Standard 
Conditions of: 

60 deg. F and 
29.92 in. Hg 

Space:.: - i\krhod I 00_ I ( Rc:v 12-1-25 i CO2 CC lRRECITD RES UL TS 

References 125-CO Subrange defaulted to 25ppm 

I of l 

South Pump Furnace (PH1)
Wax Burnoff Furnace (Cerberus) (PREHEAT1)
Previous AN 658071



South Pump Furnace (PH1)
Wax Burnoff Furnace (Cerberus) (PREHEAT1)
Previous AN 658071



South Pump Furnace (PH1)
Wax Burnoff Furnace (Cerberus) (PREHEAT1)
Previous AN 658071



REFERENCE METHOD DATA SUMMARY 1 of 1

Client Name: Space Exploration Technologies
Plant Name: Space X
City, State: Hawthorne, CA

Test Location: Wax Burnoff Furnace (BURNOUT 2) (Previous AN658075)
Job Number: PROJ-061968

Moisture Amb. CO2 dry dry ppm** dry dry ppm**

No. Date Time % dry scfm dry scfh dry % dry % dry % s ppm @3%O2 lbs/hr ppm @3%O2 lbs/hr
High 12/18/2025 1351-1428 3.70 5424 325463 19.40 0.0500 1.01 2.93 31.4 0.1156 24.70 264.19 0.593121
Low 12/18/2025 1616-1655 2.34 5720 343182 19.92 0.0500 0.70 1.76 27.6 0.073 24.72 387 0.63

High-2 12/18/2025 1811-1848 3.56 5661 339646 19.24 0.0500 1.11 3.05 29.3 0.13 24.69 237.2 0.62

** When stack O2 concentrations were greater than 19%,  the NOx and CO concentrations corrected to 3% O2 were determined using the example equation: NOx (ppm) @ 3% O2 = NOxstk*10.23/(CO2stk – CO2amb)

* Based on Standard
 Conditions of: References 5-Nox Subrange References 125-CO Subrange defaulted to 25ppm

60 deg. F and
29.92 in. Hg

Run Information Flow Rate: O2 CO2-L

Limit: 30ppm NOx @ 3% O2 Limit: 1000ppm CO @ 3% O2

Flue Gas Composition M Pollutant 2:  NOx (MW: 46 lb/lb-mole) Pollutant 3:  CO (MW: 28 lb/lb-mole)

PROJ-061968 Space X - Method 100.1 (Burnout 2)/CO2 CORRECTED RESULTS

North TCA Furnace (BO2)
Wax Burnoff /Shell Preheat Furnace No. 3 (BURNOUT 2)
Previous AN 658075

JamNavarrete
Preliminary Results



CLIENT NAME: Space Exploration Technologies JOB NUMBER:  PROJ-061968
PLANT NAME: Space X RUN NO.:  High Fire
TEST LOCATION: Wax Burnoff Furnace (BURNOUT 2) (Previous AN658075) TEST DATE:  12/18/25
CITY/STATE: Hawthorne, CA RUN TIME:  1351-1428

TEST DATA Pollutant 1 Pollutant 2 Pollutant 3 Pollutant 4 Diluent 1 Diluent 2
VARIABLE DESCRIPTION CO-L NOx CO CO2-L O2 CO2

A ANALYTICAL RANGE 125 10 250 10000 25 5.0
Unit of Measurement ppmd ppmd ppmd ppmw % dry % dry

CALIBRATION  GAS INFORMATION

B Zero Gas 0.00 0.00 0.00 0.00 0.00 0.00
C' Low Gas Concentration 0.42

Low Gas Cylinder S/N: EB0107797

C Mid Gas Concentration 67.11 4.216 111.85 4232.50 11.06 2.268

Mid Gas Cylinder S/N:
CC44472 - 
DILUTED

CC178850 - 
DILUTED

CC44472 - 
DILUTED

EB0107797 - 
DILUTED

SA2997 - 
DILUTED

CC221858 - 
DILUTED

D High Gas Concentration 111.85 8.431 223.70 8465.00 22.11 4.535

High Gas Cylinder S/N:
CC44472 - 
DILUTED CC178850 CC44472 EB0107797 SA2997 CC221858

Primary Gas Cylinder S/N:
E UPSCALE CALIBRATION GAS USED 67.11 4.22 111.85 4232.50 11.06 2.27

L=Low, M=Mid, H=High M M M M M M
INITIAL CALIBRATION ERROR TEST

F Zero Gas Response -0.06 0.00 -0.06 1.33 0.00 0.00
G' Low Gas Response 0.43
G Mid Gas Response 67.58 4.16 113.09 4267.61 10.96 2.26
H High Gas Reponse 113.09 8.43 224.30 8472.52 22.14 4.54

INITIAL SYSTEM CALIBRATION CHECK

I Zero Gas Response 0.01 -0.02 0.01 -13.93 0.03 0.04
J Upscale Gas Response 67.89 4.12 113.72 4302.68 10.95 2.29

FINAL SYSTEM CALIBRATION CHECK

K Zero Gas Response 0.01 -0.03 0.01 1.69 0.03 0.02
L Upscale Gas Response 67.94 4.11 113.72 4299.28 10.94 2.27

FINAL CALIBRATION ERROR CHECK

M Zero Gas Response -0.04 -0.04 -0.04 -19.04 0.00 0.00
N' Low Gas Response 0.44
N Mid Gas Response 67.55 4.14 113.24 4268.42 10.92 2.24
O High Gas Reponse 113.24 8.42 224.79 8463.17 22.11 4.49

x x x <-- Out of Range!  Additional Cal. Gas Required at  x

P AS MEASURED FLUE GAS CONCENTRATION 25.000 2.853 3.929 9671.306 19.184 1.029

CALCULATIONS FORMULA

AVERAGE SYSTEM CALIBRATION

Q Zero Response 0.01 -0.03 0.01 -6.12 0.03 0.03 (I+K)/2

R Upscale Response 67.92 4.12 113.72 4300.98 10.95 2.28 (J+L)/2

x x x <-- Out of Range!  Additional Cal. Gas Required at  x

S CORRECTED CONC. 24.70 2.93 3.85 9509.81 19.40 1.01 E*(P-Q)/(R-Q)

QA/QC CALCULATIONS
CALIBRATION GAS SELECTION, % of Range

Low Gas 8.5 C'*100/A
Mid Gas 53.7 42.2 44.7 42.3 44.2 45.4 C*100/A
High Gas 89.5 84.3 89.5 84.7 88.4 90.7 D*100/A

CALIBRATION ERROR, % of Range

Initial Zero Gas Error -0.05 0.00 -0.02 0.01 0.00 0.00 (F-B)*100/A

Initial Low Gas Error 0.14 (G'-C')*100/A

Initial Mid Gas Error 0.38 -0.55 0.50 0.35 -0.38 -0.15 (G-C)*100/A

Initial High Gas Error 0.99 -0.01 0.24 0.08 0.12 0.10 (H-D)*100/A

Final Zero Gas Error -0.03 -0.40 -0.02 -0.19 0.00 0.00 (M-B)*100/A

Final Low Gas Error 0.34 (N'-C')*100/A

Final Mid Gas Error 0.35 -0.75 0.56 0.36 -0.54 -0.55 (N-C)*100/A

Final High Gas Error 1.11 -0.11 0.44 -0.02 0.00 -0.90 (O-D)*100/A

LINEARITY, % of Range

Initial -0.20 -0.55 0.39 0.31 -0.44 -0.20 {(G-F)-[(H-F)*C]/D}*100/A

Final -0.30 -0.50 0.35 0.46 -0.54 -0.10 {(N-M)-[(O-M)*C]/D}*100/A

SAMPLING SYSTEM BIAS, % of Range

Initial Zero Gas Bias 0.06 -0.20 0.03 -0.15 0.12 0.80 (I-F)*100/A

Initial Upscale Gas Bias 0.25 -0.40 0.25 0.35 -0.04 0.60 (J-G[or G', or H]*100/A

Final Zero Gas Bias 0.04 0.10 0.02 0.21 0.12 0.40 (K-M)*100/A

Final Upscale Gas Bias 0.31 -0.30 0.19 0.31 0.08 0.60 (L-N[or N', or O]*100/A

CALIBRATION DRIFT, % of Range

Zero 0.00 -0.10 0.00 0.16 0.00 -0.40 (K-I)*100/A

Upscale 0.04 -0.10 0.00 -0.03 -0.04 -0.40 (L-J)*100/A

PROJ-061968 Space X - Method 100.1 (Burnout 2), Run 1 Revison Date 10/20/23 12/18/2025 8:31 PM

North TCA Furnace (BO2)
Wax Burnoff /Shell Preheat Furnace 
No. 3 (BURNOUT 2)
Previous AN 658075

JamNavarrete
Preliminary Results



CLIENT NAME: Space Exploration Technologies JOB NUMBER:  PROJ-061968
PLANT NAME: Space X RUN NO.:  Low Fire
TEST LOCATION: Wax Burnoff Furnace (BURNOUT 2) (Previous AN658075) TEST DATE:  12/18/25
CITY/STATE: Hawthorne, CA RUN TIME:  1616-1655

TEST DATA Pollutant 1 Pollutant 2 Pollutant 3 Pollutant 4 Diluent 1 Diluent 2
VARIABLE DESCRIPTION CO-L NOx CO CO2-L O2 CO2

A ANALYTICAL RANGE 125 5 250 10000 25 5
Unit of Measurement ppmd ppmd ppmd ppmw % dry % dry

CALIBRATION  GAS INFORMATION

B Zero Gas 0.00 0.00 0.00 0.00 0.00
C' Low Gas Concentration 0.42

Low Gas Cylinder S/N: EB0107797

C Mid Gas Concentration 67.11 2.53 111.85 4232.50 11.06 2.27

Mid Gas Cylinder S/N:
CC44472 - 
DILUTED

CC178850 - 
DILUTED

CC44472 - 
DILUTED

EB0107797 - 
DILUTED

SA2997 - 
DILUTED

CC221858 - 
DILUTED

D High Gas Concentration 111.85 4.22 223.70 8465.00 22.11 4.54

High Gas Cylinder S/N:
CC44472 - 
DILUTED

CC178850 - 
DILUTED CC44472 EB0107797 SA2997 CC221858

Primary Gas Cylinder S/N:
E UPSCALE CALIBRATION GAS USED 67.11 2.53 111.85 4232.50 11.06 2.27

L=Low, M=Mid, H=High M M M M M M
INITIAL CALIBRATION ERROR TEST

F Zero Gas Response -0.06 0.00 -0.06 1.33 0.00 0.00
G Mid Gas Response 67.58 2.48 113.09 4267.61 10.96 2.26
H High Gas Reponse 113.09 4.16 224.30 8472.52 22.14 4.54

INITIAL SYSTEM CALIBRATION CHECK

I Zero Gas Response 0.01 -0.03 0.01 -6.00 0.03 0.02
J Upscale Gas Response 67.94 2.44 113.72 4299.28 10.94 2.27

FINAL SYSTEM CALIBRATION CHECK

K Zero Gas Response -0.03 -0.03 -0.03 -15.92 0.03 0.03
L Upscale Gas Response 67.85 2.44 113.86 4253.89 10.92 2.26

FINAL CALIBRATION ERROR CHECK

M Zero Gas Response -0.04 -0.04 -0.04 -19.04 0.00 0.00
N Mid Gas Response 67.55 2.45 113.24 4268.42 10.92 2.24
O High Gas Reponse 113.24 4.14 224.79 8463.17 22.11 4.49

x x x <-- Out of Range!  Additional Cal. Gas Required at  x

P AS MEASURED FLUE GAS CONCENTRATION 25.000 1.691 1.441 7114.083 19.666 0.752

CALCULATIONS FORMULA

AVERAGE SYSTEM CALIBRATION

Q Zero Response -0.01 -0.03 -0.01 -10.96 0.03 0.03 (I+K)/2

R Upscale Response 67.90 2.44 113.79 4276.59 10.93 2.27 (J+L)/2

x x x <-- Out of Range!  Additional Cal. Gas Required at  x

S CORRECTED CONC. 24.72 1.76 1.43 7033.57 19.92 0.74 E*(P-Q)/(R-Q)

QA/QC CALCULATIONS
CALIBRATION GAS SELECTION, % of Range

Mid Gas 53.7 50.6 44.7 42.3 44.2 45.4 C*100/A
High Gas 89.5 84.3 89.5 84.7 88.4 90.7 D*100/A

CALIBRATION ERROR, % of Range

Initial Zero Gas Error -0.05 0.00 -0.02 0.01 0.00 0.00 (F-B)*100/A

Initial Mid Gas Error 0.38 -0.99 0.50 0.35 -0.38 -0.15 (G-C)*100/A

Initial High Gas Error 0.99 -1.11 0.24 0.08 0.12 0.10 (H-D)*100/A

Final Zero Gas Error -0.03 -0.80 -0.02 -0.19 0.00 0.00 (M-B)*100/A

Final Mid Gas Error 0.35 -1.59 0.56 0.36 -0.54 -0.55 (N-C)*100/A

Final High Gas Error 1.11 -1.51 0.44 -0.02 0.00 -0.90 (O-D)*100/A

LINEARITY, % of Range

Initial -0.20 -0.32 0.39 0.31 -0.44 -0.20 {(G-F)-[(H-F)*C]/D}*100/A

Final -0.30 -0.36 0.35 0.46 -0.54 -0.10 {(N-M)-[(O-M)*C]/D}*100/A

SAMPLING SYSTEM BIAS, % of Range

Initial Zero Gas Bias 0.06 -0.60 0.03 -0.07 0.12 0.40 (I-F)*100/A

Initial Upscale Gas Bias 0.29 -0.80 0.25 0.32 -0.08 0.20 (J-G[or G', or H]*100/A

Final Zero Gas Bias 0.01 0.20 0.00 0.03 0.12 0.60 (K-M)*100/A

Final Upscale Gas Bias 0.24 -0.20 0.25 -0.15 0.00 0.40 (L-N[or N', or O]*100/A

CALIBRATION DRIFT, % of Range

Zero -0.03 0.00 -0.02 -0.10 0.00 0.20 (K-I)*100/A

Upscale -0.07 0.00 0.06 -0.45 -0.08 -0.20 (L-J)*100/A

PROJ-061968 Space X - Method 100.1 (Burnout 2), Run 2 Revison Date 10/20/23 12/18/2025 8:31 PM

North TCA Furnace (BO2)
Wax Burnoff /Shell Preheat Furnace 
No. 3 (BURNOUT 2)
Previous AN 658075

JamNavarrete
Preliminary Results



CLIENT NAME: Space Exploration Technologies JOB NUMBER:  PROJ-061968
PLANT NAME: Space X RUN NO.:  High Fire - 2
TEST LOCATION: Wax Burnoff Furnace (BURNOUT 2) (Previous AN658075) TEST DATE:  12/18/25
CITY/STATE: Hawthorne, CA RUN TIME:  1811-1848

TEST DATA Pollutant 1 Pollutant 2 Pollutant 3 Pollutant 4 Diluent 1 Diluent 2
VARIABLE DESCRIPTION CO-L NOx CO CO2-L O2 CO2

A ANALYTICAL RANGE 125 10 250 10000 25 5
Unit of Measurement ppmd ppmd ppmd ppmw % dry % dry

CALIBRATION  GAS INFORMATION

B Zero Gas 0.00 0.00 0.00 0.00 0.00 0.00
C Mid Gas Concentration 67.11 4.22 111.85 4232.50 11.06 2.27

Mid Gas Cylinder S/N:C44472 - DILUTE178850 - DILUTC44472 - DILUTE0107797 - DILUTA2997 - DILUTE221858 - DILUTED

D High Gas Concentration 111.85 8.43 223.70 8465.00 22.11 4.54
High Gas Cylinder S/N:C44472 - DILUTE CC178850 CC44472 EB0107797 SA2997 CC221858

Primary Gas Cylinder S/N:
E UPSCALE CALIBRATION GAS USED 67.11 4.22 111.85 4232.50 11.06 2.27

L=Low, M=Mid, H=High M M M M M M
INITIAL CALIBRATION ERROR TEST

F Zero Gas Response -0.06 0.00 -0.06 1.33 0.00 0.00
G Mid Gas Response 67.58 4.16 113.09 4267.61 10.96 2.26
H High Gas Reponse 113.09 8.43 224.30 8472.52 22.14 4.54

INITIAL SYSTEM CALIBRATION CHECK

I Zero Gas Response -0.03 -0.03 -0.03 -15.92 0.03 0.03
J Upscale Gas Response 67.85 4.10 113.86 4253.89 10.92 2.26

FINAL SYSTEM CALIBRATION CHECK

K Zero Gas Response -0.01 -0.02 -0.01 -5.26 0.03 0.04
L Upscale Gas Response 68.10 4.13 113.72 4249.49 10.93 2.28

FINAL CALIBRATION ERROR CHECK

M Zero Gas Response -0.04 -0.04 -0.04 -19.04 0.00 0.00
N Mid Gas Response 67.55 4.14 113.24 4268.42 10.92 2.24
O High Gas Reponse 113.24 8.42 224.79 8463.17 22.11 4.49

x x x <-- Out of Range!  Additional Cal. Gas Required at  x

P AS MEASURED FLUE GAS CONCENTRATION 25.000 2.969 1.111 10408.861 18.995 1.134

CALCULATIONS FORMULA

AVERAGE SYSTEM CALIBRATION

Q Zero Response -0.02 -0.03 -0.02 -10.59 0.03 0.04 (I+K)/2

R Upscale Response 67.98 4.12 113.79 4251.69 10.93 2.27 (J+L)/2

x x x <-- Out of Range!  Additional Cal. Gas Required at  x

S CORRECTED CONC. 24.69 3.05 1.11 10346.65 19.24 1.11 E*(P-Q)/(R-Q)

QA/QC CALCULATIONS
CALIBRATION GAS SELECTION, % of Range

Mid Gas 53.7 42.2 44.7 42.3 44.2 45.4 C*100/A
High Gas 89.5 84.3 89.5 84.7 88.4 90.7 D*100/A

CALIBRATION ERROR, % of Range

Initial Zero Gas Error -0.05 0.00 -0.02 0.01 0.00 0.00 (F-B)*100/A

Initial Mid Gas Error 0.38 -0.55 0.50 0.35 -0.38 -0.15 (G-C)*100/A

Initial High Gas Error 0.99 -0.01 0.24 0.08 0.12 0.10 (H-D)*100/A

Final Zero Gas Error -0.03 -0.40 -0.02 -0.19 0.00 0.00 (M-B)*100/A

Final Mid Gas Error 0.35 -0.75 0.56 0.36 -0.54 -0.55 (N-C)*100/A

Final High Gas Error 1.11 -0.11 0.44 -0.02 0.00 -0.90 (O-D)*100/A

LINEARITY, % of Range

Initial -0.20 -0.55 0.39 0.31 -0.44 -0.20 {(G-F)-[(H-F)*C]/D}*100/A

Final -0.30 -0.50 0.35 0.46 -0.54 -0.10 {(N-M)-[(O-M)*C]/D}*100/A

SAMPLING SYSTEM BIAS, % of Range

Initial Zero Gas Bias 0.02 -0.30 0.01 -0.17 0.12 0.60 (I-F)*100/A

Initial Upscale Gas Bias 0.22 -0.60 0.31 -0.14 -0.16 0.00 (J-G[or G', or H]*100/A

Final Zero Gas Bias 0.02 0.20 0.01 0.14 0.12 0.80 (K-M)*100/A

Final Upscale Gas Bias 0.44 -0.10 0.19 -0.19 0.04 0.80 (L-N[or N', or O]*100/A

CALIBRATION DRIFT, % of Range

Zero 0.02 0.10 0.01 0.11 0.00 0.20 (K-I)*100/A

Upscale 0.20 0.30 -0.06 -0.04 0.04 0.40 (L-J)*100/A

PROJ-061968 Space X - Method 100.1 (Burnout 2), Run 3 Revison Date 10/20/2023 12/18/2025 8:31 PM

North TCA Furnace (BO2)
Wax Burnoff /Shell Preheat Furnace 
No. 3 (BURNOUT 2)
Previous AN 658075

JamNavarrete
Preliminary Results



Equipment Location Previous PTO 
When at Facility ID 

184509 

Previous AN 
Submitted Feb 

2025 

Wax Burnoff Furnace 
(PREHEAT1) 

South Foundry/Pump 
Line 

G65123 658071 

Wax Burnoff Furnace 
(BURNOUT 1) 

South Foundry/Pump 
Line 

G65120 658073 

Wax Burnoff Furnace 
(BURNOUT 2) 

North Foundry/TCA 
Line 

G65121 658075 

Wax Burnoff Furnace 
(PREHEAT3) 

North Foundry/TCA 
Line 

G65119 658076 
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