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Erthwrks, Inc. was contracted to conduct emission testing on the CCR Interheater
(CCRPLINTHTR) in operation at the Marathon Detroit Refinery, located in Detroit

Michigan. The testing program was conducted on June 7, 2022.

The exhaust from the CCR Interheater was sampled and analyzed to determine the
relative accuracy of the associated carbon monoxide (CO), oxides of nitrogen (NOXx), and
oxygen (0O2) continuous emissions monitoring system (CEMS) in accordance with the
requirements in the Marathon Permit No. MI-ROP-A9831-2012c¢ and the Title 40 CFR Part

60, Appendix F.

compliance status of the units’ emission for sulfuric acid (H2SO4), and particulate matter
(PM). The carbon dioxide (CO2) concentration was also measured in order to determine
stack gas molecular weight.

Marathon Petroleum Company LP operates the CCR Interheater designated as EU14-
CCRPLINTHTR-S1 in the refinery. This report addresses the RATA for the CEMS
associated with the unit as well as the required compliance test for HoSO4 and PM. Table

In addition, compliance testing was conducted to determine the

1.1 below details the CEMS analyzer information.

Table 1.1—Marathon CCR Interheater Stack CEMS Details

NOx ABB Limas 11 3.342969.1 2012
CcO ABB Uras 26 3.342967.1 2012
07) ABB Magnos 206 3.342970.1 2012
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Table 2.1—Marat

NOx Performance Spec. 2 3.9% RArs 20% Pass

CO Performance Spec. 4A 0.3 ppm RA44 <5 ppm Pass

0] Performance Spec. 3 0.2% MD 1% Pass
Table 2.2—Marathon Crude/Vac Heater Stack (SV04-H1-05-H1) Compliance Test Results

PM EPA Method 5 0.0008 Ib/MMBtu | 0.0019 Ib/MMBtu Pass

PM/PMo EPA Method 5/202 0.0027 Ib/MMBtu | 0.0076 1b/MMBtu Pass

H,S04 EPA Method CTM-013 0.06 ppm n/a n/a

Marathon Petroleum Company LP produces refined petroleum products from crude oil and
is required to demonstrate that select process emission sources are operating in compliance
with permitted emissions limits.

The Continuous Catalytic Regeneration Platformer Unit (EG14-CCRPLATFORMER) is a
catalytic reformer that rearranges the structure of low octane naphtha feed into
higheroctane reformates. Hydrogen is produced as a product of the reaction and is used in
other refinery processes. The CCR Charge Heater (EG14-CCRPLCHARHTR) is the stack
for Heater 14H8 and Heater 14H9. The CCR Interheater (EU14-CCRPLINTHTR) is the
stack for Heater 14H1-4. Both units are fired by refinery fuel gas. Emissions are vented to
the atmosphere via the CCR Charge Heater (SV14-H6) and CCR Interheater Stack (SV14-
H4A).

9049.1.B4 Marathon Detroit CCR Interheater Emissions Report June 2022
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Marathon Petroleum Company LP operates the CCR Interheater (CCRPLINTHTR)
(EU14-CCRPLINTHTR-S1) under EGLE Renewable Operating Permit No. MI-ROP-
A9831-2012c.

During the emission testing on June 7, 2022, at the Marathon Petroleum Company LP
Refinery, the CCR Interheater (CCRPLINTHTR) was tested while operating at the
maximum achievable load condition. This operational data was provided by MPC and is
located in Attachment G of this report.

For the gaseous sampling, Erthwrks utilized a stainless-steel probe, of sufficient length to
reach all sampling points, inserted into a sampling port that is located on the stack in
accordance with EPA Method 1. The sample is extracted through the probe, a heated
Teflon sampling line, to a heating filter. The sample then enters a minimum contact sample
conditioner that cools and removes moisture from the gas matrix prior to entering the
Erthwrks sampling manifold.

Erthwrks followed all quality assurance and quality control procedures as defined in US
EPA 40 CFR 60 Appendix A. The Calibration Error (CE) Test was conducted as specified
in EPA Method 7E §8.2.3. In accordance with this requirement, a three-point analyzer
calibration error test was conducted prior to sampling. The CE test was conducted by
introducing the low, mid, and high-level calibration gasses (as defined in EPA Method 7E
§3.3.1-3) sequentially and the response was recorded. The results of the CE test are
acceptable if the calculated calibration error is within £2.0% of calibration span (or < 0.5

ppmv).

The Initial System Bias and System Calibration Error Check was conducted in accordance
with EPA Method 7E §8.2.5. The upscale calibration gas was introduced at the probe
upstream of all sample system components and the response recorded. The procedure will
was repeated with the low-level gas and the response recorded. During this activity, the
sample system response time was also be recorded. This specification is acceptable if the
calculated values of the system calibration error check are within +£5.0% of the calibration
span value (or <0.5 ppmv).

After each test run, the sample system bias check is conducted to validate the run data. The
low-level and upscale drift are calculated using Equation 7E-4. The run data is valid if the
calculated drift is within £3.0% of the calibration span value (or <0.5 ppmv).
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After each test run, the corrected effluent gas concentration was calculated as specified in
EPA Method 7E §12.6. The arithmetic average of all valid concentration values are
adjusted for bias using equation 7E-5B.

sample Probe

\ Sample System Blas Calibration tine

Direct Cal Line

heatad sample line

rotomatar

Sample
Pump

Figure 1: Example Erthwrks Gaseous Sampling System Diagram

EPA Test Method 1 will be used for the selection of sampling points. Stack dimensions,
number of sample ports and sample port locations were confirmed prior to testing to
determine the appropriate number of traverse points for the test.

EPA Test Method 5 was used to determine filterable particulate matter emission rates.
Method 5 is the method at which particulate matter is withdrawn isokinetically from the
source and collected on a glass fiber filter and on the lining of the isokinetic probe
maintained at a temperature of 120 + 14°C. Upon completion of each test run, the nozzle
and probe liner were rinsed and brushed with acetone. The acetone rinse catch will be
collected and combined with the filter holder rinse and labeled as “front half rinse”. The
total PM mass, which includes any material that condenses at or above the filtration
temperature, is determined gravimetrically. Filterable PM will be calculated by combining
the net gravimetric gain of the filter and the net gravimetric gain of the evaporated front
half rinse. Figure 2 below shows the Method 5 sampling system components.
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Figure 2: Example Exrthwrks PM System Diagram

For the determination of PM/PM o, condensable particulate matter (CPM) was measured
via EPA Method 202. The Method 202 components begin at the back half of the Method
5 filter housing. The filterable particulate matter is removed in these “front half”
components. The condensable particulate matter is then collected by drawing the filtered
gas through a water jacketed, spiral condenser maintained at 65° — 85° F. The cooled
effluent gas is then passed through two empty impingers and finally through a hexane
extracted Teflon filter. Upon completion of each test run, the moisture collected in this
portion of the sampling train is purged with ultra-high purity (UHP) nitrogen gas for one
hour to remove any dissolved sulfur dioxide. The moisture is collected in a container and
combined with the deionized water used to rinse all Method 202 sampling glassware two
times.

The glassware is next rinsed with hexane and acetone. These rinses are collected and
combined in an additional container. The Teflon filter is removed from the filter housing,
labeled, and collected. Gravimetric analysis is then conducted on the extracted, evaporated
samples for each run.
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The H2SO4 emissions were determined utilizing the conditional test method 13 (CTM-
013). The sample was extracted at a constant rate through a quartz lined heated probe
(>350 °F), A heated quartz filter holder and filter (>500 °F), and through a Modified Grahm
condenser (H2SO4 Condenser) with Type C glass frit and 200 cm of 5-mmID glass tubing
condenser coil. The H2SO4 condenser is maintained between 167 to 185 °F. Because SO»
was not to be determined via this method, the sample was then passed through four
impingers with the specifications delineated in EPA Method 4.

The sampling was conducted at a single point at a constant rate of about 10 L/min and the
DGM readings and all temperatures were recorded every five minutes. After the
completion of the test run, the samples were recovered in accordance with the test method
and the samples were sent to Enthalpy Analytical for analysis via Ion Chromatography
(ALT-133). See the figure below that details the CTM-013 Sampling Train.
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Figure 3: Example Erthwrks H2SO4 System Diagram
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The RATA testing was conducted following the sampling and measurement procedures
found in the EPA Part 60, Appendix B, Performance Specifications which requires that
EPA Reference Methods, from EPA Part 60, Appendix A, be utilized to conduct
independent stack emissions measurements for comparison with installed CEMS readings.
The following performance specifications will be used during this testing program.

e EPA Performance Specification 2 for NOx relative accuracy
e EPA Performance Specification 3 for O3 relative accuracy
e EPA Performance Specification 4A for CO relative accuracy

As required by these methods, the use EPA Protocol 1 gases are mandatory and were used
for this portion of the project.

A minimum of nine (9) RATA test runs were conducted at each exhaust stack for a
minimum duration of twenty-one (21) minutes for each run. A 3-point traverse located at
16.7%, 50.0%, and 83.3% of the way across the stack (or 0.4, 1.2, and 2.0 meters from the
stack wall) was conducted during each RATA test run (7 minutes per point). A maximum
of twelve (12) RATA test runs will be conducted and up to three test runs may be discarded
and not used to determine relative accuracy. The results of the reference method tests were
compared to CEMS measurement data from the same time periods to determine the relative
accuracy of the CEMS.

For NOx, the results of the RATA test are considered acceptable if the calculated relative
accuracy does not exceed 20.0% as calculated by Equation 2-6 in Performance
Specification 2. Alternatively, for affected units where the average of the reference method
measurements is less than 50 percent of the emission standard (emission limit), the relative
accuracy must not exceed 10% when the applicable emission standard is used in the
denominator of Eq. 2-6.

For O», the results of the RATA test are considered acceptable if the calculated relative
accuracy does not exceed 20.0% as calculated by Equation 3.1 in Performance
Specification 3. The results are also acceptable if the result of Equation 3-2 is less than or
equal to 1.0 percent.

For CO, the results of the RATA test are considered acceptable if the calculated relative
accuracy does not exceed 10.0% as calculated by Equation 2-6 in Performance
Specification 2. Alternatively, for affected units where the average of the reference method
measurements is less than 50 percent of the emission standard (emission limit), the relative
accuracy must not exceed 5% when the applicable emission standard is used in the
denominator of Eq. 2-6. Performance Specification 4A criteria may be used to determine
relative accuracy for CEMS with low emission standards (less than 200 ppmv). In these
cases, the results of the RATA test are considered acceptable if the absolute average
difference between the RM and CEMS is within 5 ppmv.
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Erthwrks, Inc. conducted the emissions testing with no sampling or procedural variances.

9049.1.B4 Marathon Detroit CCR Interheater Emissions Report June 2022
Version 1 (07/22/2022)

Page 12 of 144



Page 13 of 144




Erthwrks Relative Accuracy Test Audit--NOx RATA
Performance Specification 2

Fuel F-Factor

uin U
Date 6/7/2022 6/7/2022 6/7/2022 6/7/2022 6/7/2022 6/7/2022 6/7/2022 6/7/2022 6/7/2022 6/7/2022 6/7/2022
Start Time 10:27 10:57 11:27 12:03 12:59 13:29 13:59 14:30 15:02 15:32 16:04
End Time 10:48 11:18 11:48 12:24 13:20 13:50 14:20 14:51 15:23 15:53 16:25
RM NOx (ppmvd) 21.80 22.08 21.74 21.89 21.37 21.64 21.82 22.11 22.64 22.99 22.97
RM 0, Results (%vd) 6.21 6.26 6.21 6.32 6.23 6.31 6.25 6.17 6.20 6.32 6.29
RM NOx (Ib/MMBtu) 0.0318 0.0323 0.0317 0.0322 0.0312 0.0318 0.0319 0.0322 0.0330 0.0338 0.0337
CEMS NOx (Ib/MMBtu)} 0.0329 0.0331 0.0329 0.0330 0.0325 0.0333 0.0336 0.0333 0.0342 0.0348 0.0349
Di -0.00 00 -0
Applicable Standard (Ib/MMBtu) 0.05
Mean of the Difference (d,,) -0.0011
Standard Deviation (Sq) 0.0002
Confidence Coefficient {CC) 0.0002
Relative Accuracy via RM, RA zy,” 3.88% « Pass

*RA pu (Reference Method) must be less than 20%
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NOISING ALIVYND YV

Erthwrks Relative Accuracy Test Audit--O, RATA
Performance Specification 3

Date 6/7/2022 6/7/2022 6/7/2022 6/7/2022 6/7/2022 6/7/2022 6/7/2022 6/7/2022 6/7/2022 6/7/2022 6/7/2022
Start Time 10:27 10:57 11:27 12:03 12:59 13:29 13:59 14:30 15:02 15:32 16:04
End Time 10:48 11:18 11:48 12:24 13:20 13:50 14:20 14:51 15:23 15:53 16:25
RM 0, Result (%vd) 6.21 6.26 6.21 6.32 6.23 6.31 6.25 6.17 6.20 6.32 6.29
CEMS 0, Data (%vd) 6.37 6.47 6.41 6.51 6.43 6.52 6.49 6.40 6.42 6.53 6.50
Diff 0.16 2
Relative Accuracy via RM, R4 grr.cems )

20 80 9NV
@%N%@E&

0.20% « Pass

*RA pu.cems (Reference Method - CEMS) Absolute difference must be less than 1.0%
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Erthwrks Relative Accuracy Test Audit—-CO RATA
Performance Specification 4

Mean of the Difference (d,,)
Standard Deviation (Sg)
Confidence Coefficient (CC)

Relative Accuracy via M.44, R4 4, *

*RA 44 must be less than 5 ppmv

0.19

0.21

0.08

0.06

0.27

« Pass
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Date 6/7/2022 6/7/2022 6/7/2022 6/7/2022 6/7/2022 6/7/2022 6/7/2022 6/7/2022 6/7/2022
Start Time 10:27 10:57 11:27 12:59 13:29 13:59 14:30 15:02 16:04
End Time 10:48 11:18 11:48 13:20 13:50 14:20 14:51 15:23 16:25
RM €O Result (ppmvd) 0.34 -0.01 0.09 -0.02 0.09 0.22 0.11 0.02 -0.06
CEMS CO Data {ppmvd) -0.17 -0.20 -0.18 -0.17 -0.19 -0.20 -0.22 -0.22 -0.23
Difference 0.51 0.27 0.15 0.28 0.42 0.24 0.17

Erthwrks, Inc. EPA 40CFR60 RATA Worksheet
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Project: Marathon Petroleum Company
Facility: Detroit Refinery

Location: Detroit, Mi

Unit ID: CRR Inter Heater

1

2

3

Average

6/7/2022

6/7/2022

6/7/2022

Run Start Time

10:28

13:00

15:02

Run End Time

12:09

14:35

16:36

mm:dd:yyyy

Firing Rate (MMbtu/hr) e

MMbtu/hr

Oxygen Concentration (%0,)

%

Carbon Dioxide Concentration {%€0;) |

%

Stack Moisture Content

%

Stack Dry Molecular Weight

Ib/lb-mole

Stack Wet Molecular Weight

b/Ib-mole

Absolute Stack Pressure

29.04

29.04

29.04

29.04

Average Stack Temperature (ts)avg

1100.4

1104.3

1098.6

1101.1 R

Average Square Root of AP's (Apm g

0.4944

0.5021

0.5031

0.43999 %

Average Stack Gas Velocity vo)

2461.57

2498.96

2519.89

249347

Average Stack Gas Flow - Qaw

5.85E+04

5.94E+04

5.99E+04

5.926+04

Wet Standard Stack Flow Rate {Qa0)

1.63E+06

1.65E+06

1.68E+06

165E406

Dry Standard Stack Flow Rate (Qu)

1.A5E+06

1.49E+06

1.44E+06

1.46E+06 dscfh

)

Mass of Filterable PM (M.5) mg 1.83 1.99 1.2 1.67 mg
Mass of Condensible PM {M.202) mg 4.27 3.94 4.58 4.26 mg
Total Mass of Particulates mg 6.10 5.93 5.78 5.94 mg
Filterable PM Mass Concentration 5.49E-08 | 5.78E-08 | 3.47E-08 || 4.91E-08 Ib/dscf
Total PM Mass Concentration 1.836-07 | 1.726-07 | 1.67€-07 | 1.74E-07 Ib/dscf
Filterable PW Wiass EmissionRate_|__Ib/hr | 008 | 009 | 005 | 0w |
0.27 0.26 0.24 0.25 Ib/hr
Filterable PM Mass Emission Rate 1.92 2.06 1.20 1.73 Ib/day
63 | 15 | 5m | 6w | /sy
Filterable PM Mass Emission Rate 0.0008 0.0009 0.0005 0.0008 | Ib/MMbtu
0.0028 0.0027 0.0025 0.0027 | Ib/MMbtu
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Detailed Summary of Results

Client: Marathon Petroleum

Facility: Detroit
Unit ID: CCR Inter Heater

Erthwrks Tech: MK, JW

Run Number Run1 Run 2 Run3
Date 6/7/2022 6/7/2022 6/7/2022
Run Start Time 17:44 18:36
Run End Time : 18:14 19:06

" 2.04E-08
0.08

H,S0, (Ib/scf)
HySO4 (ppm)

7.20E-09
0.03
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Client: MPC Detroit

Project #: 9049.1.B4

Facility: Detroit Refinery A
Unit ID: CCR Interheater

Technician: jmw

Stack ID Measurements

Stack ID + Port (inches):
Port Extension (inches):
Stack Diameter (inches):

865.0"

Port Location Measurements
Distance Upstream (A) (inches): 865
Distance Downstream (B) (inches): 240
Stack Diameters Upstream (A):

Stack Diameters Downstream (B):

Total Traverse Points to be used: 3
Traverse Points per Diameter: 3

Point 1: 11.02"

Point 2: 33.00"
Paint 3: 54.98"

Stack Cross Section View

240.0"

®Point 3

®Point 2

®Point 1

MFor stack diameter >4.0" and <2.4 meters, stratification is measured at 16.7%, 50.0%, and 83.3" of stack diameter (M7E, §8.1.2).
@ For stack diameter >2.4 meters, stratification is measured at 0.4, 1.2, and 2.0 meters from stack wall (M7E, §8.1.2).
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Erthwrks Gaseous Sample Collection and Quality Assurance Worksheet

Date: 6/7/2022
Client: MPC
Facility: Detroit
Project No: 9049.1.B4
UnitID: CCR InterHtr
Erthwrks Tech: John Wood

Calibration Gas Verification Reference Method Analyzer Info

CC446268 CC339873

Teledyne

C€C446268 CC339873 Teledyne
CC287657 ALMO038955 Teledyne
CC287657 ALMO038955 Teledyne

0.05% 0.02%
-0.18% -0.19%
0.06% o ; -0.65%
0.01% . . . nfa 0.49%

*Unless otherwise noted in protocol or report, THC's calibration error test is conducted using the entire sample system and must be less than 5% of applicable calibration gas
* ACE must either be within + 2.0% or < 0.5 ppmv absolute difference

NO, Cal Gas Cyl. Number €C502181 Trav. Location | Inside ID + Port
NO; Cal Gas Concentration 60,52 11.02 18.52
NOy Analyzer Response 57.68 33.00 40.50
NO,-NO Conv. Efficiency (Effw)(‘) 95.3% Point 3 54.98 62.48

@ Eff yor mustbe = 90%

Initial Sample System Bias and Response Time

24.74 -0.07% 0.15%
2542 0.17% -0.01%
9.97 -0.16% 0.45%

10.10 — 9.96 -0.68% 0.01%
*SB must either be within £ 5.0% or 5 0.5 ppmv absolute difference

Erthwrks, Inc EPA 40CFR60 RATA QAQC Worksheet
Version 2.1 (Rev. 5/26/2021)

e
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Erthwrks Gaseous Sample Collection and Quality Assurance Worksheet

Sample Collection Raw Data--Pre and Post Sample System Calibration (S5C) and Raw Run Results

Run #: Run 1 Run #: Run 2
Start Time: 10:27 Start Time: 10:57
End Time: 10:48 End Time: 11:18
-0.05 24.76 22.11 0.02 24.85
co 25.40 -0.27 25.40 -0.32 -0.34 25.04
0, 6.13 9.97 0.04 9.97 6.19 0.06 10.00
CO, 8.95 10.11 0.00 10.11 8.91 0.02 10.15
Sample Collection Raw Data--Pre and Post Sample System Calibration {(S5C) and Raw Run Results
Run #: Run 3 Run #: Run 4
Start Time: 11:27 Start Time: 12:03
End Time: 11:48 :

co -0.34 25.04 -0.28 -0.40 25.13
0, 0.06 10.00 6.15 0.05 9.99
€O, 0.02 10.15 8.93 0.01 10,12

Run #:
Start Time:
End Time:

NOy 0.01 24.77 21.28 0.04 24.56 0.04 24.56 21.54 -0.03 24,73
co -0.12 25.25 -0.31 -0.46 24.99 -0.46 24.99 -0.45 -0.61 24.92
0, 0.04 9.98 6.16 0.05 9.99 0.05 9.99 6.24 0.05 9.98
CO, 0.01 10.12 8.89 0.02 10.13 0.02 10.13 8.84 0.01 10.15

Sample Collection Raw Data--Pre and Post Sample System Calibration (SSC) and Raw Run Results
Run #: Run 7 Run #: Run 8
Start Time: 13:59 Start Time: 14:30
End Time: 14:51

End Time: 14:20

co -0.61 24.92 -0.32 -0.48 24.96
0, 0.05 9.98 6.18 0.05 9.99
€0, 0.01 10.15 8.88 ] 0.00 10.13

Erthwrks, Inc EPA 40CFR60 RATA QAQC Worksheet
Version 2.1 (Rev. 5/26/2021)
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Erthwrks Gaseous Sample Collection and Quality Assurance Worksheet

Sample Collection Raw Data--Pre and Post Sample System Calibration {(SSC) and Raw Run Results
Run #: Run 9
Start Time: 15:02
End Time: 15:23

Run #:
Start Time:
End Time:

Run 10
15:32
15:53

-0.05 25.26

NOy -0.07 25.36 22.82 0.04 24.56
co -0.61 24.86 -0.52 -0.46 24.99 -0.78 24.83
0, 0.04 9.99 6.13 0.05 9.99 0.04 9.95
CO, 0.00 10.12 8.94 0.02 10.13 0.02 10.10

Sample Collection Raw Data--Pre and Post Sample System Calibration {SSC) and Raw Run Results

Run #: Run 11
Start Time: 16:04
i 16:25

En

NOy -0.05 25.26 23.17 -0.05 24.73
co -0.78 24.83 -0.73 -0.55 25.62
0, 0.04 9.95 6.19 0.05 9.95
CO, 0.02 10.10 8.88 0.02 10.12
Run 1 Sample Collection Calculations--Pre- and Post-Run Sample System Bias Check, Drift Assessment, Corrected Results

-0.14% 0.03%
-0.34% 1.45%
0.16% 0.00%
0.01% 0.00%

0.00%
0.00%
0.00%
0.00%

* 5B must either be within £ 5.0% or < 0.5 ppmv absolute difference
T D must either be within + 3.0% or the pre- and post-run bias responses are < 0.5 ppmv absolute difference

Run 2 Sample Collection Calculations--Pre- and Post-Run Sample System Bias Check, Drift Assessment, Corrected Results

-0.14% -0.03% ~0.02% T 012%

-0.34% 0.13% -0.50% 0.16%
0.16% -0.13% 0.22% 0.07%
0.01% 0.06% 0.09% 0.08%

0.17%
0.71%
0.13%
0.19%

* 5B must either be within + 5.0% or s 0.5 ppmv absolute difference
t D must either be within + 3.0% or the pre- and post-run bias responses are < 0.5 ppmv absolute difference

errhwr

Page 23 of 144

Erthwrks, Inc EPA 40CFR60 RATA QAQC Worksheet

Version 2.1 (Rev. 5/26/2021)




Erthwrks Gaseous Sample Collection and Quality Assurance Worksheet

Sample Collection Calculations--Pre- and Post-Run Sample System Bias Check, Drift Assessment, Corrected Results

-0.03% 0.01% 0.49%
-0.61% 0.12% 0.17%
0.22% 0.01% 0.07%
CO, 0.05% 0.04% 0.15%

= 5B must either be within £ 5.0% or < 0.5 ppmv absolute difference
+ D must either be within * 3.0% or the pre- and post-run bias responses are s 0.5 ppmv absolute difference

Run 4 Sample Collection Calculations--Pre- and Post-Run Sample System Bias Check, Drift Assessment, Corrected Results

-0.03% 0.62% -0.01%
-0.61% -0.41% -0.17%
0.22% -0.08% -0.12%
€O, 0.05% 0.10% 0.10%

* SB must either be within £ 5,0% or < 0.5 ppmv absolute difference
+ D must either be within + 3.0% or the pre- and post-run bias responses are < 0.5 ppmv absolute difference

Run 5 Sample Collection Calculations--Pre- and Post-Run Sample System Bias Check, Drift Assessment, Corrected Results

NOy -0.04% -0.01% 0.02% -0.40% 0.02 24.67 0.06% 0.39% 21.37
co -0.06% -0.17% -0.73% -0.68% -0.29 2512 0.68% 0.51% -0.02
0, 0.15% -0.12% 0.22% -0.07% 0.05 9.98 0.07% 0.05% 6.23

CO, 0.05% 0.10% 0.11% 0.17% 0.02 10.12 0.06% 0.08% 8.78

=SB must either be within £ 5.0% or < 0.5 ppmv absolute difference
+ D must either be within * 3.0% or the pre- and post-run bias responses are < 0.5 ppmv absolute difference

Run 6 Sample Collection Calculations--Pre- and Post-Run Sample System Bias Check, Drift Assessment, Corrected Results

0.02% -0.40% .10% 0.01 21.64
-0.73% -0.68% -1.02% -0.54 0.09
0.22% -0.07% 0.18% 0.05 0.03% 6.31
0.11% 0.17% 0.02% 0.01 0.09% 8.72
* SB must either be within + 5.0% or s 0.5 ppmv absolute difference
+ D must either be within # 3.0% or the pre- and post-run bias responses are s 0.5 ppmv absolute difference
Run 7 Sample Collection Calculations--Pre- and Post-Run Sample System Bias Check, Drift Assessment, Corrected Results
i J,
NOy -0.10% -0.09% -0.09% 0.00% -0.02 24.76 0.01% 0.09% 21.82
co -1.02% -0.81% -0.76% -0.74% -0.54 24.94 0.27% 0.07% 0.22
0, 0.18% -0.10% 0.19% -0.04% 0.05 9.99 0.01% 0.06% 6.25
Co, 0.02% 0.26% 0.02% 0.15% 0.00 10.14 0.01% 0.11% 8.76

*SB must either be within £ 5.0% or < 0.5 ppmv absolute difference
+ D must either be within + 3.0% or the pre- and post-run bias responses are < 0.5 ppmv absolute difference

Erthwrks, Inc EPA 40CFR60 RATA QAQC Worksheet
Version 2.1 (Rev. 5/26/2021)
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Run 8

Sample Collection Calculations--Pre- and Post-Run Sample System Bias Check, Drift Assessment, Corrected Results

Erthwrks Gaseous Sample Collection and Quality Assurance Worksheet

NOx .09% 0.00% -0.18% 1.08% -0.04 25.07 0.09% 1.08% 22.11
co -0.76% -0.74% -1.02% -0.93% -0.54 2491 0.27% 0.19% 0.11
0, 0.19% -0.04% 0.14% -0.08% 0.04 9.99 0.05% 0.04% 6.17
CO, 0.02% 0.15% 0.01% 0.11% 0.00 10.12 0.01% 0.05% 8.84

* 5B must either be within £ 5.0% or s 0.5 ppmv absolute difference
+ D must either be within * 3.0% or the pre- and post-run bias responses are < 0.5 ppmv absolute difference

Run 9 - and Post-Run Sample System Bias Check, Drift Assessment, Corrected Results

Sample Collection Calculations--P:

-0.18%
-1.02%
0.14%
0.01%

0.11%

0.02%
-0.73%
0.22%
0.11%

=SB must either be within £ 5.0% or = 0.5 ppmv absolute difference
T D must either be within + 3.0% or the pre- and post-run bias responses are 5 0.5 ppmv absolute difference

Run 10 Sample Collection Calculations--Pre- and Post-Run Sample System Bias Check, Drift Assessment, Corrected Results

-0.15%
-1.36%
0.14%
CO, 0.11% 0.17% 0.08%

*SB must either be within £ 5.0% or < 0.5 pomy absolute difference
1 D must either be within * 3.0% or the pre- and post-run bias responses are < 0.5 ppmv absolute difference

Run 11 Sample Collection Calculations--Pre- and Post-Run Sample System Bias Check, Drift Assessment, Corrected Results

NOy -0.15% 0.89% -0.14% . . 0.97% 22.97
co -1.36% -1.00% -0.90% 0.57% -0.67 25.22 1.56% -0.06
0, 0.14% -0.23% 0.19% -0.26% 0.04 9.95 0.05% 0.03% 6.29

CO, 0.08% 0.03% 0.10% 0.14% 0.02 10.11 0.03% 0.11% 8.77

*SB must either be within £ 5.00 or < 0.5 ppmy absolute difference
T D must either be within + 3.0% or the pre- and post-run bias responses are < 0.5 ppmv absolute difference

Erthwrks, Inc EPA 40CFR60 RATA QAQC Worksheet
Version 2.1 (Rev. 5/26/2021)
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Client: Marathon Petroleum Company
Project #: 9049.1.B4

Facility: Detroit Refinery

Unit 1D: CRR Inter Heater

Technician: jmw, jh, mk, jt

Stack ID Measurements

Stack ID + Port {inches):
Port Extension (inches):
Stack Diameter (inches):

Port Location Measurements
Distance Upstream (A) (inches):
Distance Downstream (B) (inches):
Stack Diameters Upstream (A):
Stack Diameters Downstream (B):

Total Traverse Points to be used:
Traverse Points per Diameter:

Stack Cross Section View

73.5

7.5

865
240

24
12

PORTS

BULHD, 4/85 €. HeOhe

Traverse
Points

STACK

Traverse Point Location Table From EPA Method 1, Table 1-2

1

2 85.40 25.00
3 75.00
4 93.30
S

6

7

8

9

10

n

12

14.60
29.60
70.40
85.40
95.60

8.20
14.60
22.60
34.20
65.80
77.40
85.40
91.80
97.40

6.70
11.80
17.70
25.00
35.60
64.40
75.00
82.30
88.20
93.30
97.90

W NSO U D WN =

o
o

12

66 in

17.14
63.86

e

Calculated Traverse Point Locations per Diameter

11.92
24.00
57.00
69.08

865in

240in

9.61

14.43 11.92
2030 17.14 15.29
28.82 22.42 19.18
52.18 30.07 24,00
60.70 50.93 31.00
66.57 58.58 50.00
71.39 63.86 57.00
68.09 61.82

71.78 65.71

69.08

72.11

Measurements in bold will be the traverse polnts used for the emission test




Client:
Facility:
Location:
Unit ID:

Meter K Factor

Marathon Petroleum Company Run 1D:
Detroit Refinery Date:
Detroit, MI Amb Temp:
CRR inter Heater Baro. Press:

9.34

6/7/22

67

29.11

unitless

Meterbox ID: M5-2
DGM Y Factor: 0.989
DGM AH @: 1.816

Impinger Weights (g}

0O, Concentration

(%0,)

6.23

|pitot Tube Factor 0.84 unitless | Impinger 1D | contents | PreRun 0, Concentration o) | se2 %
Stack Static P (Poaid) -0.90 in H20 Impinger 1 l Empty 358.3 525.2  |Sample Volume Metered 77.21 def
Dry Gas Fraction (NA} 0.860 unitless | Impinger2 | Empty 613.4 616.2 |standard Volume at STP 73.53 dsct
|Stack Gas Wet MW : 27.95 Ib/lb-mole | Impinger3 DIH20 739.6 743.5  |Mmoisture Content ' 11.013 %
Actual Nozzle Area 8.73E-04 ft impinger4 | Silica Gel 914.3 933.7  |Final Dry Gas Fraction 0.830 “unitless
Total Sample Time NA) 90 min Total Weights  2625.6  2818.6 [Stack Gas Wet MW 28.38 Ib/lb-mole
Number of Traverse Points (NA) 24 points Stack Gas Velosity 41.03 ft/sec
Time per Traverse Point (NA) 1 0:03:45 time l “Filter ID2 l 51329 | Stack Gas Vol. Flow Rate 1.45E+06 dscfh
Final Isokinetic Calc. - (%iso) 91.8 %
{Post Test Meter Cal M5 §1_6.3) W) 0.994 o
Prob 0 . PUmp get D Obs D © 0
emp emp o emp emp T a 1 AP A Read Reading Paint ota
Port1 Start =>| 10:28:00 {°F) {°F} {°F) (°F) R {°F) (inHg) inH20 inH20 £ 869.666 unitless: unitless
Paint 1! 10:31:45 630 250 239 70 64 73 4 0.16 151 872428 | 872250 | 936 936
Point2| 10:35:30 | 637 248 249 66 63 74 4 0.22 208 875480 | 875350 96.0 28
Point 3| 10:39:15 644 250 236 68 63 74 5 0.19 1.79 878344 | 878200 952 | 950
Point4| 10:43:00 645 247 264 66 60 75 5 0.21 1.99 881.351 881.150 936 %6
Paint5| 10:46:45 647 245 261 67 59 75 6 0.30 284 884.904 885.030 | 1033 96,6
Point6| 10:50:30 648 246 231 68 64 76 6 035 332 889.086 888.750 917 956
Paint 7| 10:54:15 649 248 233 68 65 76 7 0.38 360 892971 892.650 24 950
Point8| 10:58:00 646 248 234 67 66 76 8 0.33 313 896,594 896.510 97.9 954
Point9| 11:0145 | 645 247 236 66 62 76 8 0.27 2.56 900.084 899.840 932 952
Point 10} 11:05:30 641 244 234 70 57 76 6 0.28 265 903485 | 903350 963 953
Point 11} 11:09:15 636 244 234 70 55 77 6 0.25 237 | 906811 | 906.650 | 953 953
Point 12| 11:13:00 633 245 234 70 53 78 5 0.22 209 909910 | 909771 | 957 953
Port 2 Start 5| 11:24:00 : E :
Point 13} 11:27:45 624 247 233 67 53 76 5 0.27 256 913380 | 913.080 | 917 95.0
Point 14} 11:31:30 638 245 247 67 47 77 4 0.18 1.71 . 916019 | 915.750 908 248
Point 15 11:35:15 643 244 247 67 49 77 4 0.20 190 918840 | 918660 | 942 9.7
Point 16| 11:39:00 647 245 249 66 51 77 5 0.24 2.28 922.035 921.720 90.7 945
Point 17| 11:42:45 647 246 248 65 51 77 6 0.27 256 925208 | 925050 | 931 944
Point 18! 11:46:30 651 249 251 65 53 78 8 0.33 314 929000 | 928.700 924 943
Point 19} 11:50:15 649 248 256 68 55 78 2 0.33 314 932653 | 932.440 946 943
Point 20} 11:54:00 646 246 254 69 56 78 7 0.29 276 936154 | 935.940 94.2 943
Point 21| 11:57:45 644 246 255 69 57 78 5 0.21 200 | 939110 938.970 556 | 943
Point 22| 12:01:30 639 245 256 69 58 79 5 020 | 191 | oaa077 941860 | 930 | 942
Point23| 12:05:15 | 614 246 253 68 58 79 4 015 | 143 | 9944585 | 944435 | 945 . 943
Paint 24| 12:09:00 626 243 252 68 57 79 4 0.14 133 947.054 946872 | 931 | 942
Average Values| 6404 246.3 2453 67.7 573 76.6 5.6 0.25 236 ' 77.206 94.2
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Client:
Facility:
Location:
Unit ID:

Marathon Petroleum Company Run iD:
Detroit Refinery Date:
Detroit, Ml Amb Temp:
CRR Inter Heater Baro. Press:

2

6/7/22

75

29.11

Meterbox ID:

DGM Y Factor:
DGM OH @:

M5-2

0.989

1.816

[ e [ oow [rymme| 15 | Mg |
[ Por | oo0i [myymme] 10 | imHg |

Meterkbactor [ W T 934 [ uitess | 0 wpimgerweights@  Joconcematon @0 | o) | 626 [ x|
—mm—

sedsapesie L 00 0 ] oo T | et

Dry Gas Fraction

baisiee. . om0 | o

Port 1 Start ‘)
Point1
Point 2
Point 3
Point4
Paint 5
Point 6
Point 7
Point 8
Point 9

Point 10
Point 11
Point 12

13:45:00
13:53:45
13:57:30
14:01:15
14:05:00
14:08:45
14:12:30
14:16:15
14:20:00
14:23:45
14:27:30
14:31:15
14:35:00

Total Weights  2641.1

Sample Volume Metered 79.68 —

Standard Volume at STP 75.96
9.924
Final Dry Gas fraction 0.901

l Filter ID: * 51324 I

Page 29 of 144

Sk as et
ok cosvo Fowots | 60| 149608 | |
B WOYMEE T
porenmerecarsiien | 0 | oo | |

—

950,113 950. oso
952.966 952.760
955 757 955.460
958.750 958.540
961.900 | 961.750
965.562 965.330
 969.262 969.070
972.643 972.540
975.917 975.940
979239 979.080
981931 981.820
984592 984.460

987478 | 987.370
990605 | 990.430
993.940 993.800
997.437 997.240
1000.882 | 1000730 |
1004553 | 1004.470
1008536 | 1008.350
1012470 | 1012.400
1016413 | 1016300
1020139 | 1020.020
1023682 | 1023570
27406 | 1027121




Client:
Facility:
Location:
Unit1D:

T O
f
oW

Actual Nozzle Area
Total Sample Time (NA)
Number of Traverse Points (NA)

Marathon Petroleum Company

Detroit Refinery

Detroit, Ml

CRR Inter Heater

'Time per Traverse Point

Pamid)
(NA)

(NA

(Na)

Run ID:
Date:

Amb Temp:
Baro. Press:

934

unitless

Meterbox ID:

DGM Y Factor:
DGM AH @:

Impinger Weights (g}

0.84

unitless

ImpingeriD | contents

-0.90

in H20

I Impinger 1 Empty.

Pre Run

358.8

Post Run
583.5

e

Sample Volume Metered . M) | 80.26

0.860

unitless

27.95

i l impinger 2 Empty
Ib/lb-mole | Impinger3 DIH20

614.5

614.1

|standard Volume atste Mg | 7635

743.1

761.6

8.73E-04

e

lmpinger4] Silica Gel

933.6

960

Moisture Content 14.286
Final Dry Gas Fraction 0.857

90

min

24

0:03:45

Port 1 Start -
Point 1
Point 2
Point 3

_ Point4
Point 5
Point 6
Point 7
Paint 8
Point 9

Point 10
Point 11
Point 12

15| 05 45
15:09:30
15:13:15
15:17:00
15:20:45
15:24:30
15:28:15
15:32:00
15:35:45
15:39:30

15:43:15

15:47:00

613

_

251
249
246
243
248
248
241
248
246
248

CF}

Total Weights

2650.0

[ Fierin:

51330

{inHg)

2919.2

inH20

Stack Gas Wet MW (Ms) 27.99

dscf
%
unitiess
1b/lb-mole

42,00
Gy | Tasews

ft/sec
dscfh

Final Isokinetic Calc. 96.2
0577

227
233
236
255
263
257
255
251
249
246
241
239

71
69
68
68
69
69
70
73
72
71
70
70

Port 2 Start >
Point 13

_ Pointi4
Point 15
Point 16
Point 17
Point18
Point 19
Point 20
Point 21
Point 22
Point 23
Point 24

Average Values

15:51:00
15:54:45
15:58:30
16:02:15
16:06:00
16:09:45
16:13:30

16715

16:21:00
16:24:45
16:28:30
16:32:15
16:36:00

245

59
53
51
53
54
55
57
59
60
60
60
58

74
75
75
75
75
76
76
76
77
78
79
79

4

U NN WOy nn

0.17
0.22
0.18
0.28
0.31
0.32
0.37
0.34
0.29
0.27
0.17
0.17

70.250

629 245 228 73 78 5 0.15
641 243 245 72 56 79 6 0.21 73.240
643 247 253 72 57 80 6 0.24 76.440
646 249 261 72 58 80 7 0.30 80.000
647 243 261 73 60 80 9 0.35 83.750
648 245 260 72 61 82 9 0.35 87.550
645 248 261 73 62 82 9 0.33 91.430
642 247 265 72 63 82 8 0.31 | 95150
644 247 264 72 63 83 7 0.27 98772 98.650
635 246 269 73 64 83 [ 0.24 ""1.02,;081' | 101.950
629 246 270 74 85 83 5 0.19 105015 | 104.880
617 243 261 75 66 83 5 0.16 107711 | 107784
638.6 246.0 252.1 ] 714 | 589 788 | 65 0.26 :

%

— 27.527
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Erthwrks Method 8A (CTM-013) Sampling Worksheet

Date: 6/7/2022
Client: Marathon Petroleum
Facility: Detroit
Unit ID: CCR Inter Heater
Erthwrks Tech: MK, JW
Run No: 1
Vac ("H,0) cubic feet Time (s) {Vac ("H20) cubic feet Time (s)
14 0.00 60 12 0.000 60

Start Time: 16:53
Meter Box ID: M5-2
DGM y-fact: 0.9890
Atm Press ("Hg) 29.227

) 0 ample z B A B emp  Probe iiemp = 2mp @4 iemp 9 )
D6 - A Raad y o 5 S ~ =
Start: 16:53 16:563 112.670 arting Reading 0° 00° 67-185 ° 68 °
1 16:58:00 0.42 114.481 1.811 74 360 515 182 64 2
2 17:03:00 0.42 116.281 1.800 75 361 516 183 65 2
3 17:08:00 0.42 118.071 1.790 75 362 516 175 62 2
4 17:13:00 0.42 119.925 1.854 75 366 518 175 62 2
5 17:18:00 0.42 121.658 1.733 76 366 516 176 63 2
6 17:23:00 0.42 123.450 1.792 78 365 518 176 63 2
Totals 0.4 10.780 75.5 363.3 516.5 177.8 63.2 2.0

Sample Gas Volume, Vg

Vm(std) = 10.26
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Date: 6/7/2022

Erthwrks Method 8A (CTM-013) Sampling Worksheet

Client:

Marathon Petroleum

Facility:

Detroit

Unit ID:

CCR Inter Heater

Erthwrks Tech: MK, JW

Run No: 2

Vac ("H,O Time (s) [Vac ("H20) Time (s)
8 0.00 60 9 60
Start Time: 17:44
Meter Box ID: M5-2
DGM y-fact: 0.9890
Atm Press ("Hg) 29.227
3 9 0 ) B A pe Sr4 9
O e = Redo 9 ) ©
Start: 17:44 17:44 125.400 a g Reading 0° 00 ° 67-18 68 °
1 17:49:00 0.42 127.140 1.740 78 357 511 168 63 2
2 17:54:00 0.42 128.937 1.797 78 363 519 175 58 2
3 17:59:00 0.42 130.691 1.754 79 366 520 175 58 2
4 18:04:00 0.42 132.469 1.778 78 366 519 175 57 2
5 18:09:00 0.43 134.221 1.752 78 367 520 175 58 2
6 18:14:00 0.43 136.007 1.786 78 366 524 178 60 2
Totals 04 10.607 78.2 364.2 518.8 1743 59.0 2.0

Sample Gas Volume, Vit

Vm(std) = 10.05
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Date:

Client:

Facility:

Unit ID:
Erthwrks Tech:
Run No:

6/7/2022

Erthwrks Method 8A (CTM-013) Sampling Worksheet

Marathon Petroleum

Detroit

CCR Inter Heater

MK, JW

3

Vac ("H,0) cubic feet Time (s) {Vac ("H20) cubic feet Time (s)
8 0.00 60 10 0.000 60
Start Time: 18:36
Meter Box ID: M5-2
DGM y-fact: 0.9890
Atm Press ("Hg) 29.227
5 (] pie B AV he [)
20 e 5 Reaading D
Start: 18:36 18:36 137.928 arting ding 0° 00° 67-18 68 °
1 18:41:00 0.40 139.780 1.852 74 366 518 177 64 2
2 18:46:00 0.40 141.590 1.810 75 365 519 175 64 2
3 18:51:00 0.40 143.358 1.768 75 366 520 176 65 2
4 18:56:00 0.40 145.120 1.762 76 366 519 177 65 2
5 19:01:00 0.40 146.870 1.750 76 367 521 178 66 2
6 19:06:00 0.40 148.638 1.768 76 366 517 178 66 2
Totals 0.4 10.710 75.3 366.0 519.0 176.8 65.0 2.0

Sample Gas Volume, Vs

Vm(std) = 10.20
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Erthwrks QAQC Example Calculations

Exampe alcuiations lor rouutant:

Variable: |Description:

G Average of the pre- and post-run system cal bias responses from zero gas, ppmv.
Cave Average unadjusted gas concentration for test run, ppmv.

Coir Measured concentration of the cal gas when introduced in direct mode, ppmv.

Cym Average of the pre- and post-run system cal bias responses from the upscale gas, ppmv.
Cpma Actual concentration of the upscale calibration gas, ppmv.

Ccs Calibration span, ppmv.

Cs Measured concentration of the cal gas when introduced in the system cal mode, ppmv.
Cy Manufacturer certified concentration of calibration gas, ppmv.

SB;¢ Post-run system bias, percent of calibration span.

SB; Pre-run system bias, percent of calibration span.

Cpir = 24.78 ppmv

ACE = Coir = Cv %100 Cy= 2477 ppmv
CS CS= 53.76 ppmv
ACE = 0.02%

CaeC = 53. ppmv
SB, = s Dir w100 Cs= 24.74 ppmv
cs Cpir = 24.78 ppmv

SB; = -0.07%

SBi = -0.03%
D = ABS|SB; — SB] SBy= -0.03%

D= 0.00%

Cave= 21.79 ppmv

_ Cma C, = -0.05 ppmv
Coas = (Cavg=Co) Cm — Co Cwa = 24.77 ppmv
Cgas = 21.80 Cu= 24.76 ppmv

CDir 57.68 ppmv
x100 Cy= 60.52 ppmv

Cni
EffNozz Dir

\'"
Effnoz = 95.3%

Erthwrks Example Calculation Worksheet
Version 2.1 (Rev. 5/26/2021)
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Erthwrks Emission Rate Example Calculations

Example Calculations for Pollutant : NOx

Variable: |Description:
%0,d |Oxygen concentration measured on a dry basis, %
Fy4 Fuel F Factor for Natural Gas--Method 19 value, scf/MMBtu
MGV Molar gas volume, volume of gas at standard conditions, scf/lbmol
MWyo,  |Molecular Weight of NOx, Ib/lbmol

n Moles, Ibmol
PPMyox |Parts per million, NOx
Ps Standard Pressure, psi
R Universal gas constant, i psi / R1bmol
T, Standard Temperature, R

A4 Volume, ft}

Ty= 527.67 R
p= 14.696 psi
R=10.7316  (ft**psi/(R* Ibmoll)

v R*Tg
MGV = ; =

scf

MGV= 385.325 —-l-l-)-l‘n"a—l"—

PPM - NOx =21.80 parts per million
/ 106 MW - NOx =46.0055 Ib/Ib-mol

o o PPM s MW
¢ MGY

1b

Cq= 2.60E-06
scf

F4= 8595 scf/MMBtu
209 %0,d= 6.21 %

Eqb/mMBty) = Ca * de

1b

E = X —
(Ib/MMBtu) 0.0318 MMBta

Erthwrks Example Calculations
Version 2.1 (Rev. 5/26/2021)

hwrk:
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Erthwrks RATA Example Calculations

Example Calculations for Pollutant : NOx - lb/MMBtu

Variable: [Description:
d Absolute difference between reference method and client CEMS
i Run number
n Number of runs
davg Mean of the difference between reference method and client CEMS
RM,,; |Average of the reference method results for each run
AS The unit's permit limit or applicable standard

dy=  -0.0011 d, = W 00
1 d;= -0.0008 dg= -0.0011 dy = -0.0012
dan = HZ di d3 = '0.0012 dg = ‘0.0012 d12 = 0
f=1 n= 9

dy,=  -0.0011

Sd togrs = 2.306

'dav l + !CCI = RM5 = 0 RMg = 0.0322 RM11 = (0.0337

RApyy = vel = 177 o 100 = = - -

RM RM = 0.0317 RMg= 0.0318 RMy=  0.0330 RMp= 0
ave RM,,,= 0.0325

RARM = 3.88%

Erthwrks Example Calculations
Version 2.1 (Rev. 5/26/2021)

Page 37 of 144




Variable: Description:
Bys Proportion of water vapor, by volume, in the gas stream
C; Conversion factor, sec/hr
c Pilot coefficient, 0.84
K, Velocity equation constant, 5129.4 (ft/min) [(Ib/Ib-mole){in Hg) / (R)(in H,0)]>*

My Molecular weight of stack gas, dry

M, Molecular weight of stack gas, dry, g/g-mole (lb/lIb-mole)

M, Molecular weight of water, g/g-mole {Ib/lb-mole)

P Absolute pressure at the dry gas meter = Barometric Pressure + Ah,,, / 13.6, in Hg
T Absolute Temperature at Meter, °R

Vi Volume measured by DGM, dcf

Vistg)  |Dry gas volume measured by the dry gas meter, corrected to standard conditions, dscm (dscf)
V; Measured concentration of the cal gas when introduced in the system cal mode, ppmv
Vicstay  |Volume of water vapor condensed, corrected to standard conditions, scm (scf)
Wi Final imp weight, g
w, Initial imp weight, g
Y Dry gas meter calibration factor, unitless

%0, = 6.23

Mg = 0.44(%CO;) + 0.32(%0,) + 0.28(%N; + %CO) %CO, = 8.82
%N, = 84.95

My = 29.66 ib/lb-mol %CO = 0.00

Ks= 0.04715  (ft’/g)
Vwegstay = Ka(Wr — W) W= 2625.60 (g)

W;=2818.60 (g)
Vwc(std) = 9.10 3

r VP Taa=528  (R)
Vingstdy = (2 #Y) (—m—-ﬂ) Pag= 20920 (inHg)
PStd Tm Vm =77.21 (ft?»)

Pm=2928  (inH,0)

Vistay = 73.53 ft* Tm= 536.625 (°R)
Y= 0.989 {unitless)

vwc(std)
Bws =
Vwc(stcl) + Vm(std)
Bys= 11.01%

M,, = 18.00 (Ib/lb-mole)

Mg = Mg(1 — Bys)+H{M,,*Bys)

M = 28.38
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Variable: Description:
Bp,,; |Average velocity head of stack gas, mm H,0 (in H,0)

A, Cross-sectional area of nozzel, ft?

A Cross-sectional area of stack, ft*

By Proportion of water vapor, by volume, in the gas stream
(o Conversion factor, sec/hr

C Pilot coefficient, 0.84
K, Velocity equation constant, 5129.4 {ft/min) [(lb/lb-mole)(in Hg) / (R){in HZO)]O'5
Ks Constant, 0.09450 for English units

AH@ Orifice meter calibration coefficient, in H,0

M, Dry molecular weight of stack gas, Ib/Ib-mole

Q Dry volumetric stack gas flow rate corrected to standard conditions, dsem/hr (dscf/hr)
P, Stack Pressure (Pbar + Pg){in Hg)

Yoo Dry gas meter calibration check value, dimensionless

Ppar Barometric pressure at the sampling site, mm Hg (in. Hg)

P Standard absolute pressure, 760 mm Hg (29.92 in. Hg)
T Absolute average DGM temperature, K (°R)

T, Absolute average stack gas temperature, 293 °K (528 °R)
Ts(abs) Average Stack Temperature (°F) + 460, °R
Vi Volume of gas sample as measured by dry gas meter, dem (dcf)
Viistay  |Dry gas volume measured by the dry gas meter, corrected to standard conditions, dscm (dscf)
0 Total sampling time, min
Vs Measured concentration of the cal gas when introduced in the system cal mode, ppmv.

5129.4
Ts(abs) C,= 0.84  unitless
Vg = Ky *C, * /A e P '
ST e Pavg * 15 M, P.=  29.04 inH,0
Tyabs)= 1100.375 °R
V= 2461.57 ft/min (Apayg)? = 0.4944
V= 41.026148 ft/sec M,= 28.38 Ib/lb-mole

>
1

23.76
2461.57 ft/min

Qa= Vs*A V,

Q,= 5.85E+04 acfm

Ps= 29.04 inHg
T. P _ _
Qsw = Q4 * 60 *( Sm) * ( > ) Pea= 29.92 inHg

Psrq Ts(abs) Taabs= 11004 °R
Taa= 528 °R

Q,= 1.63E+06 wscfh
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Tstq * Ps
Q=Ce#Byg#Ax Vs —c 5
e * Pstd * Ts(abs)

Q= 1.45E4+06  dscfh

3600
23.76
0.890
29.04
29.92
1100.4
528

41.03

sec/hr
ft?
unitless
in Hg

in Hg
°R

°R
ft/sec

TS *Vm( )*PS( )*100
— std std P.=
T p*Vs * 8 xAn * Ps x60 » (1 — Bws) s”

1

1= 91.760936 % A,=

1100.375

73.53
29.04
41.03
8.73E-04
90
0.890

°R
dscf
in Hg
ft/sec
ft”
min

unitless

Runl: AH@

0 0.0319T, 29

9 = _\7— AH M Phar =
" AH@ | Ppyr + _‘3%& ° Vi =

AH, . =
AH@ =

Run 2:

Yeun1 =
Yena =

Yrun 3=

Yoa (avg) =

0.9935342
0.9759803
0.9770747
0.9821964
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Run 3:

Tw=
Pbalr =
Vi =
AH,, =
AH@ =
T =
Phar =
Vo =
AHgy, =

1.816
536.625
29.11
77.21
2.36
1.816
536.1667
29.11
79.68
2.43
1.816
538.75
29.11
80.26
2.46

unitless
°R

in H,0
dcf

in H,0
unitless
°R

in H,0
dfc

in H,0
unitless
°R

in H,0
def

in H,0



Variable: Description:
m, Total mass of particulates, mg
Vi Standard gas volume, %
Qg Dry standard stack flow rate, dscfh
Clinker Rate

m;= 6.10 (mg)

o= 1 Vg = 73.53 {dscf)
m
453592 Vorg

C, = 1.83E-07  Ib/dscf

Q= 1.45E+06 (dscfh)

Eh = Cim* Qsq

E,

0.27 Ib/hr

Ed= Eh*24

Eq= 6.38 Ib/day

Firing Rate = 94.55 (MMbtu/hr)

Epe = ————
TC ™ Clinker Rate

Erc= 0.00 Ib/MMbtu
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Erthwrks Emission Rate Example Calculations

Example Calculations for Pollutant

Variable: |Description:
%0,d |Oxygen concentration measured on a dry basis, %
Fq Fuel F Factor for Natural Gas--Method 19 value, scf/MMBtu
MGV Molar gas volume, volume of gas at standard conditions, scf/Ibmol
Mw Molecular Weight, Ib/lbmol
n Moles, Ibmol
PPM Parts per million
m, Weight of H,SO,, from lab analysis
Ps Standard Pressure, psi
R Universal gas constant, ft® psi / R Ibmol
Ts
Vv

Standard Temperature, R
Volume, ft®

T,= 52767 R
mev= L = R+Ts p=14696  psi
n p R=10.7316  (ft’ *psi/(R* Ibmoll)
= — scf
MGV= 385.325 T

b Train Volume = 10.26 scf
fnt( ) m,.ug) =82.9 ug
Train Volume m-(Ib) 1.83E-07 b

Ca(lb/scf)=  1.781E-08

Coamtpsser =

Cd-(Ib/scf) 1.78E-08 1b/scf

E) 6 MGV =385.325 scf/lbmol

N (scf * 107+ MGY MW =98.079  Ib/Ib-mol
d MW

Co= 0.07 ppm

rthwrks

AIR EMISSIONS TESTING FOR INDUSTRY
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Erthwrks Datalog Records

6/7/22 6:51
6/7/22 6:52
6/7/22 6:53
6/7/22 6:54
6/7/22 6:54
6/7/22 6:55
6/7/22 6:56
6/7/22 6:57
6/7/22 6:58
6/7/22 6:59
6/7/22 7:00
6/7/22 7:01
6/7/22 7:02
6/7/22 7:03
6/7/22 7:04
6/7/22 7:05
6/7/22 7:06
6/7/22 7:07
6/7/22 7:08
8/7/22 7:09
6/7/22 7:10
6/7/22 7:11
6/7/22 7:12
6/7/227:13
6/7/122 714
6/7/22 7:15
6/7/22 7:16
6/7/22 7:17
6/7/22 7:18
6/7/22 718
6/7/22 7:19
6/7/22 7:20
6/7/22 7:21
6/7/22 7:22
6/7/22 7:23
6/7/22 7:24
6/7/22 7:25
6/7/22 7:26
6/7/22 7:27
6/7/22 7:28
6/7/22 7:29
6/7/22 7:30
6/7/22 7:31
6/7122 7:31
6/7/22 7:32
6/7/22 7:33
6/7/22 7:34
6/7/22 7:35
6/7/22 7:36
6/7/22 7:37
6/7/22 7:38
6/7/227:39
6/7/22 7:40

9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
0049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4
9049.1.B4

MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC
MPC

MPC-

MPC
MPC
MPC
MPC

Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit
Detroit

CCR InterHtr
CCR InterHtr
CCR interHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHir
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR interHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
CCR InterHtr
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Direct Cal

Direct Cal

Direct Cal

Direct Cal

NOx Conv Eff.

Sys Bias

Sys Bias

0.02
0.03
0.08
0.06
0.03
0.03
3.65

46.44

55.26

54.62

53.43

45.66

19.56

19.47

19.53

19.68

19.90

20.03

19.95

19.84

20.00

20.21

20.32

20.30

14.96
1.50
1.09
0.62
0.23
0.20
0.18
8.45

24.66

24.78

22.44
3.48

49.35

57.68

55.07

25.86

20.34

18.92
1.95
0.51
0.11
-0.07
4.17

23.70

23.86

24.74

24.87

24.35

22.84

-0.07 0.00
-0.33 10.16
-1.60 19.87
-1.67 19.87
-0.06 19.87
-0.09 19.86
9.88 12.38
50.75 0.02
53.19 0.00
52.40 0.01
50.98 0.01
4890 8.88
17.92 6.93
064 6.12
-0.20 6.07
-0.31 6.07
-0.30 6.07
-0.25 6.05
-0.32 6.04
-0.37 6.04
-0.45 6.04
-0.50 6.00
-0.52 6.02
-0.52 6.00
-0.29 9.95
-0.16 18.39
-0.43 10.27
061 9.92
-0.38 9.94
-0.27 10.00
-0.28 10.00
757 240
2425 0.03
2533 0.02
20.33 8.88
242 21.03
020 21.05
018 21.04
0.87 14.89
330 6.07
-0.80 6.01
029 874
275 9.87
-0.85 9.87
-0.10 9.97
-0.08 9.97
354 410
2218 0.14
2464 0.11
2542 0.10
2520 1.00
962 6.08
016 6.16

0.00
3.36
8.82
17.02
19.72
19.77
12.38
0.10
0.00
0.00
0.00
0.07
6.91
8.33
8.36
8.39
8.38
8.38
8.38
8.41
8.42
8.47
8.49
8.48
8.17
2.09
8.40
9.73
9.75
9.75
10.10
3.25
0.00
0.00
0.00
0.00
0.00
0.00
2.39
8.54
8.81
8.08
9.64
9.95
9.96
10.10
5.62
0.12
0.02
0.00
0.59
8.20
8.85



