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E. Chicago, IN

Reviewed by: 

Client:

Percent of Error:

City, State: 

Monitoring Solutions, Inc. was contracted to conduct an opacity performance audit on a Durag 

Model D-R 290 opacity system.  

All raw data, calculated data and final summary are presented.  The results indicate compliance for 

all specifications. Testing was performed as per 40CFR60 Appendix F and 40CFR60 Appendix B, 

PS1 (Where Applicable).

Annual Zero Alignment (When required)

Introduction
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II.

A.

Monitoring Solutions, Inc. Durag Model D-R 290

PERFORMANCE AUDIT PROCEDURES FOR THE

MONITORING SOLUTIONS, INC. OPACITY MONITOR

The instrument is manufactured by the Durag Corporation and distributed and serviced by 

Monitoring Solutions, Inc.

The opacity monitor measures the amount of light transmitted through the effluent from

the transceiver to the retro reflector and back again. The control unit uses the effluent

transmittance to calculate the optical density of the effluent at the monitor location, or

the “path” optical density. In order to provide stack exit opacity data, the path optical

density must be corrected. The correction factor is expressed as the ratio of the stack

exit inside diameter to the inside diameter of the stack at the Transmissometer location.

This ratio is called the “stack correction factor” (SCF) by Monitoring Solutions, Inc.

The following equations illustrate the relationship between this ratio, path optical

density, and stack exit opacity.

COMS Description
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The Monitoring Solutions, Inc. D-R 290 opacity monitoring system consists of four

major components: the Transmissometer, the terminal control box, the air-purging

system and the remote control unit and data acquisition equipment. The

Transmissometer component consists of an optical transmitter/receiver (transceiver) unit

mounted on one side of a stack or duct and a retro reflector unit mounted on the opposite

side. The transceiver unit contains the light source, the photodiode detector, and the

associated electronics. The transceiver uses a single-lamp, single detector system to

determine effluent opacity. A LED light source is modulated electronically at 2 KHz to

eliminate any ambient light interference. The modulated beam is configured to

alternately produce reference and measurement signals so that the effects of variations in

the optical and electronic components of the COMS are minimized.

The air purging system serves a threefold purpose: 1) it provides an air window to keep 

exposed optical surfaces clean; 2) it protects the optical surfaces from condensation of 

stack gas moisture; and 3) it minimizes thermal conduction from the stack to the 

instrument.  A standard installation has one air-purging system for each the transceiver 

and the retro reflector units.

In a single display configuration, an AW unit is mounted in a blue housing next to the 

transceiver location. In a dual display configuration, an AZ unit is mounted in the blue 

housing next to the transceiver location and an AW is mounted in a remote location, 

typically, a control room. The AZ and the AW communicate via an RS 422 cable. The 

AZ unit provides an on stack readout and can be used as a diagnostic tool. In either 

configuration, only the AW provides the signals to the final recording device.
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Lx / Lt =

where: Lx =

Lt =

OPx =

OPx =

B.

1.

a.

Note:

b.

c.

Note:

d.

Note:

Performance Audit Procedures

The stack correction factor (SCF) is preset by the manufacturer using

information supplied by the source. The value recorded in Blank 4 should be

the value source personnel agree should be set inside the monitor.

Preliminary Data

Calculate the stack correction factor (SCF) by dividing the value in Blank 1 by

the value in Blank 2.  Record the result in Blank 3.
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Record the source-cited Stack Correction Factor (SCF) in Blank 4.

Obtain the reference zero and span calibration values. Record these values in Blank 5

and Blank 6, respectively.

Obtain the stack exit inside diameter (in feet) and the stack inside diameter at the

monitor location (in feet). Record these values in Blanks 1 and 2 of the Monitoring

Solutions, Inc. D-R 290 Performance Audit Data Sheet.

Effluent handling system dimensions may be acquired from the following

sources listed in descending order of reliability: 1) physical measurements, 2)

construction drawings, 3) opacity monitor installation/certification

documents, and 4) source personnel recollections.

The reference zero and span calibration values may not be the same as the

values recorded during instrument installation and/or certification. The zero

and span values recorded in Blank 5 and Blank 6 should be the reference

values recorded during the most recent clear-path calibration of the CEMS.
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stack exit opacity (%)

stack exit inside diameter (in)

stack correction factor

the stack inside diameter (or the duct width) at 

the monitor location (in).

Calculation of "Stack Correction Factor"

1 − (1 −
𝑂𝑝𝑎𝑐𝑖𝑡𝑦

100
)𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟



2.

Note:

3.

a.

b.

4.

a.

Note:

b.

Note:

c.

(Continued on next page)

Error Checks
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Instrument Range Check

The opacity monitor will automatically cycle through the internal zero (zero

point check), external zero (window check), span and stack taper ratio modes.

Approximately 6 minutes for a complete cycle.
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Reference Signal, Zero and Span Checks

Error code 100 = Transceiver blower fault

Error code 200 = Transceiver filter plugged

Error code 300 = Reflector blower fault

Error code 400 = Reflector filter plugged

Initiate the calibration cycle by pressing the arrow and plus buttons simultaneously and

holding for approximately 5 seconds.

The following steps describe the error codes for the Monitoring Solutions, Inc. D-R 290

remote control unit. The audit can continue with the error codes shown below being

present, provided the source has been informed of the fault conditions. All other error

codes must be corrected prior to audit.

If a fault is active, an error code will be displayed on the stack mounted

display and on the remote display. An explanation of the error codes can be

found in the manual.

Check the COMS measurement range by pressing the MOD button (the LED on the

button will light up) and using the PLUS button to cycle through the displays.

Record the instrument range in Blank 11.

Record the milliamp value shown for the internal zero (zero point check) displayed on

the control panel display in Blank 12.

The internal zero checks the instrument reference signal (Zero Point Check).

Since the instrument provides a full scale output of 4 to 20 milliamps, a value

of 4 milliamps displayed on the control unit display represents a zero

condition. After 1 ½ minutes in the internal zero mode, the monitor will

automatically switch to the external zero mode (Window Check).

Record the milliamp value shown for the external zero (window check) displayed on the

control panel in Blank 13. Also record the external zero value (in percent opacity)

displayed on the opacity data recorder in Blank 14.



Note:

d.

Note:

5.

a.

b.

c.

6.

a.

b.

c.

Transceiver Dust Accumulation Check.

Record in Blank 15 the span value (in milliamps) displayed on the control panel display.

Also record the span value (in percent opacity) displayed on the data recorder in Blank

16.  Go to the Transmissometer location.

Record the post-cleaning effluent opacity in Blank 18.  Go to the transceiver location.

Reflector Dust Accumulation Check.

Page 5
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During the zero calibration check, the zero mirror is moved into the path of

the measurement beam by a servomotor. The zero mechanism is designed to

present the transceiver with a simulated clear-path condition. The daily zero

check does not test the actual clear-path zero, nor does it provide a check of

cross-stack parameters such as the optical alignment of the Transmissometer

or drift in the reflectance of the retro reflector. The actual clear-path zero can

only be checked during clear-stack or off-stack calibration of the CEMS. In

addition to simulating the instrument clear-path zero, the zero mechanism

allows the amount of dust on the transceiver optics (primary lens and zero

mirror) to be quantified. After 1 ½ minutes in the external zero mode, the

CEMS will automatically enter the span mode.

Record the post-cleaning effluent opacity in Blank 20.

Record the pre-cleaning effluent opacity in Blank 19.

Record the effluent opacity prior to cleaning the retroreflector optics in Blank 17.

Open the transceiver, clean the optics (primary window and zero mirror) and close the

transceiver.

Open the reflector housing, inspect and clean the retroreflector optics, and close the

housing.

During the span calibration check, a servomotor moves an internal span filter

into the path of the measurement beam while the zero mirror is in place. The

span mechanism is designed to provide an indication of the upscale accuracy

of the CEMS relative to the simulated clear-path zero. Note: The opacity

monitor display will output its stack correction factor (SCF) for 1 ½ minutes

when the span portion of the calibration cycle is completed. The CEMS

automatically returns to the measurement mode when the SCF portion of the

calibration cycle is complete.



7.

a.

b.

8.

9.

a)

b)

c)

d)

Alignment Check

Determine the monitor alignment by looking through the alignment port of the side of

the transceiver.

Observe whether the image is centered in the cross hairs and record this information

(YES or NO) in Blank 21.

The Durag 290 provides internal compensation for window contamination. This

compensation value can be determined by performing the Window Check. This

compensation cannot be disabled for testing. Remove internal compensation as follows:

Clean the transceiver window and the zero mirror lens. Verify the window check value is 

at zero so no compensation is applied to the quarterly audit. Enter the Filter Audit Mode

and verify the starting Durag opacity value is zero percent. NOTE: This process must be

completed prior to the Calibration Error Check.

Record the Durag's response to the clear path zero in % opacity without any 

adjustment.

Zero Compensation Check
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Zero Alignment Error Check

The Zero Alignment Error Check is performed one time each year. This check utilizes

Durag's Clear Path Procedure. This procedure verifies the “measuring” zero point of the

unit in a known clear path setup. The Transceiver and reflector are removed from their

installation and set up on stands in a clean, dust free environment. The stands are set at

the same distance as the installation location. Without performing any adjustments, the

measuring zero is compared to the simulated zero - or - Window Check. The difference

between the measuring zero and the simulated zero, must NOT exceed 2% opacity.

Verify the Zero Compensation Check has been performed. Since the zero compensation 

function cannot be disabled for the zero alignment check, the optics must be cleaned and 

a manual calibration performed. This will set the internal compensation value to 0.0%. 

This MUST be accomplished prior to the Zero Alignment Check.

Remove the Transceiver & Reflector from its current installation and setup on 

stands at the exact distance as their original location.

Perform the Zero Compensation Check and perform a manual calibration.

Perform the following to document the "Zero Alignment Error":

Activate the simulated zero (Window Check) and record the reading 

in % opacity without any adjustment.

(continued on next page)
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e)

f)

10.

a.

b.

c.

d.

e.

f.

Note:

g.

h.

i.

j.

k.

Wait approximately three minutes or until a clear “zero” value has been recorded and

displayed on the data recorder.

The audit data should be taken from a data recording/reporting device that

presents instantaneous opacity (or opacity data with the shortest available

integration period).

The calibration error check is performed using three neutral density filters. Performing

the calibration error check on-stack using the filters determines the linearity of the

instrument response relative to the current clear-path zero setting. This calibration error

check does not determine the accuracy of the actual instrument clear-path zero or the

status of any cross-stack parameters. A true calibration check is performed by moving

the on-stack components to a location with minimal ambient opacity, making sure that

the proper path length and alignments are attained, and then placing the calibration

filters in the measurement path.

Calibration Error Check

Put the monitor in Filter Audit mode.
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Remove the filters from their protective covers, inspect and if necessary, clean them.

Insert the low range neutral density filter into the filter audit slot located in front of the

heated lens.

Wait approximately three minutes or until a clear value has been recorded and displayed

on the data recorder.

Wait approximately three minutes and record the COMS response to the mid range

neutral density filter.
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(continued on next page)

The response difference between these two readings are recorded as 

the “zero alignment error”. The maximum allowable zero alignment 

error is 2%.

Adjust the simulated zero (window check) to read the same value in 

% opacity as the clear path zero.

Wait approximately three minutes and record the COMS response to the high range

neutral density filter.

Record the COMS response to the low range neutral density filter.

Record the audit filter serial numbers and opacity values in Blanks 22, 23, and 24.

Remove the low range filter and insert the mid range neutral density filter.

Remove the mid range filter and insert the high range filter.



l.

m.

n.

o.

p.

Note:

q.

11.

a.

b.

C.

* If applicable, wait approximately three minutes, and record the zero value.

Remove the high range filter.

Record the six-minute integrated data.

Error codes / fault analysis

Error codes are typically associated with parameters that the monitor manufacturer feels

are critical to COMS function, and to the collection of valid opacity data. The

parameters associated with each of the error codes are found in the manufacturer’s

manual. With the exception of alarms that warn of elevated opacity levels (alarm or

warning lamps), the error codes indicate that the COMS is not functioning properly. An

error or failure indication will be represented by a “YES” in Blanks 7 - 10.

In order to acquire valid six-minute averaged opacity data, each filter must

remain in for at least two consecutive six-minute periods; the first period will

be invalid because it was in progress when the filter was inserted. A waiting

period of 13 minutes is recommended. You should have a “starting zero”

reading and an “ending zero” reading.

When the calibration error check is complete, return the monitor to measuring mode.

Close the transceiver head and the weather cover, and return to the COMS control unit.
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(continued on next page)

Repeat steps (e) through (m) until a minimum of three opacity readings are obtained for

each neutral density filter.

If six-minute integrated opacity data is required, repeat steps (e) through (m) once more,

changing the waiting periods to 13 minutes.
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Transcribe the calibration error response from the data recorder to Blanks 25 through 50

of the audit form and complete the audit data calculations.

Test Conclusion

Interpretation of Audit Results

This section is designed to help the auditor interpret the D-R 290 performance audit

results.

Obtain a copy of the audit data from the data recorder.



Note:

(continued on next page)

The D-R 290 internal zero or “zero point check” (Blank 12 should be set to indicate 0%

opacity (equivalent to 3.7 - 4.3 mA). An external zero error or “window check” (Blank

53) greater than 4% opacity is usually due to excessive dust accumulation on the optical

surfaces, electronic drift or an electronic/mechanical offset of the data recorder.

Excessive dust on the optical surfaces sufficient to cause a significant zero error would

be indicated by the difference in the internal and external zero values and/or window

alarm. Instrument span error (Blank 55) may be caused by the same problem(s) that

cause zero errors and may be identified in a similar fashion. 

Zero and Span Checks

If the zero and span errors are due to a data recorder offset, both errors will be

in the same direction and will be of the same magnitude

Page 9
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The path length correction error in Blank 51 should be within +2%. This error

exponentially affects the opacity readings, resulting in over - or - underestimation of the

stack exit opacity. The most common error in computing the optical path length

correction factor is the use of the flange-to-flange distance in place of the stack/duct

inside diameter at the monitor location. This error will result in underestimation of the

stack exit opacity and can be identified by comparing the monitor optical path length to

the flange-to-flange distance; the flange-to-flange distance should be greater by

approximately two to four feet

Stack Exit Correlation Error Check

Panel Meter span error in % opacity =

(((Blank 15 - 4) ÷ 16) × Blank 11) - Blank 6

Control Panel Meter Error (Optional)

The accuracy of the control panel meter (AW) is important at sources using the

meter during monitor adjustment and calibration. The accuracy of the control

panel meter (Blank 52 and Blank 54) is determined by comparing the zero and

span reference values to the panel meter output recorded during the COMS

calibration check.

Some installations utilize a different “Instrument Range Setting”

than the normal 100% range. The panel meter span error must be

corrected for the different range in order to provide an accurate error

result. Use the following equation to calculate the span error

corrected for “Instrument Range” (Blank 11):



The external zero displayed on the control unit panel meter (AW) also indicates the level

of dust accumulation on the zero retroreflector and transceiver measurement window.

The difference between the internal and external zero responses should equal the amount

of dust found on the transceiver optics (Blank 57). To convert the zero responses to a

value that represents lens dusting in percent opacity, use the following equation.

Annual Zero Alignment Error Check

Meter response in % opacity = 6.25 [(Blank 13) - (Blank 12)]

Optical Alignment Check

Zero Compensation Check
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Optical Surface Dust Accumulation Check

(continued on next page)

The Zero Alignment Error Check is performed once each year. It verifies that the enegy

output from the simulated zero device (Window Check) is within 2% of the Clear Path

reading. The values required for this check are documented in (Blank 21b). If the

difference between the Clear Path Value and the Simulated Zero (Window Check) value

differ by more than 2%, then the COMS unit is considered Out Of Control. If the

difference is 2% or less, then the Window Check Value is adjusted to match the Clear

Path value. 

The results of the dust accumulation check (Blank 58) should not exceed 4%.  A dust 

accumulation value of more than 4% opacity indicates that the air flow of the purge 

system and/or the cleaning frequency of the optical surfaces are inadequate.  When 

determining the optical surface dust accumulation, the auditor should note whether the 

effluent opacity is relatively stable (within +2% opacity) before and after cleaning the 

optical surfaces.  If the effluent opacity is fluctuating by more that +2%, the dust 

accumulation analysis should be omitted.

When the transceiver and retroreflector are misaligned, a portion of the measurement

beam that should be returned to the measurement detector is misdirected, resulting in a

positive bias in the data reported by the COMS. One of the most common causes of

misalignment is vibration which may cause the on-stack components to shift slightly on

the instrument mounting flanges. Another common cause of misalignment is thermal

expansion and contraction of the structure on which the transmissometer is mounted. If

the COMS is being audited while the unit is off-line (cold stack), the results of the

alignment analysis may not be representative of the alignment of the instrument when

the stack or duct is at normal operating temperature. When checking the alignment, the

reflected light beam should be centered.

The Zero Compensation Check should be performed and documented as such in (Blank

21a).
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Calibration Error

Calibration error results (Blanks 68, 69 and 70) in excess of +3% are indicative of a non-

linear or miss calibrated instrument.  However, the absolute calibration accuracy of the 

monitor can be determined only when the instrument clear-path zero value is known.  If 

the zero and span data are out-of-specification, the calibration error data will often be 

biased in the direction of the zero and span errors.  Even if the zero and span data 

indicate that the COMS is calibrated properly, the monitor may still be inaccurate due to 

error in the clear-path zero adjustment.  The optimum calibration procedure involves 

using neutral density filters during clear-stack or off-stack COMS calibration.  This 

procedure would establish both the absolute calibration accuracy and linearity of the 

COMS.  If this procedure is impractical, and it is reasonable to assume that the clear-

path zero is set correctly, the monitor’s calibration can be set using either the neutral 

density filters or the internal zero and span values.
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Appendix A

COMS Audit Data Forms for the Durag Model D-R 290



Preliminary Data

1  Inside diameter at Stack Exit = Lx

2  Inside diameter at the Transmissometer location = Lt

3  Calculated Stack Correction Factor (SCF) = Lx/Lt

4  Source-cited Stack Correction Factor (SCF)

5  Source-cited zero automatic calibration value (% opacity) %

6  Source-cited span automatic calibration value (% opacity) %

[START AT CONTROL UNIT / DATA RECORDER LOCATION]

(If required) [INSPECT DATA RECORDING SYSTEM AND MARK WITH "OPACITY AUDIT,"

AUDITOR'S NAME, AFFILIATION, DATE, SOURCE, PROCESS UNIT/STACK

IDENTIFICATION, AND THE TIME OF DAY.]

%

[Go to reflector location.]

Span Check

15  Opacity Display - Span calibration value in "milliamps" (Span Check) 10.40 mA

16  Opacity data recorder span calibration value in "% Op" (Span Check) 40.00 %

14  Opacity data recorder zero calibration value in "% Op" (Window Check) 0.00 mA

[Wait 1½ minutes for automatic change to span mode.]

NO

8  Filter [Air filter restriction - Error 200, 400] NO

mA

[Wait for 1½ minutes for automatic change to external zero mode.]

13  Opacity Display - Zero calibration value in "milliamps" (Window Check) 4.00 mA

11  Instrument range setting 100

Zero Check

12  Opacity Display - Internal zero value in "milliamps" (Zero Point Check) 4.00

AUDIT DATA SHEET

MONITORING SOLUTIONS DURAG D-R 290 COMS

Page 1 of 55/21/2020 Primary Energy Stack 201E. Chicago, IN

1248342

1248145

1248283

1.000

0.00

40.00

Date: 5/21/2020

inches

inches

216.000

216.000

1.000

9  Window [Excessive dirt on transceiver window - Error 001] NO

Company:

Unit ID:

Auditor:

Attendees:

Primary Energy

Stack 201

Dan Bowles

N/A

City, ST: E. Chicago, IN

Representing:

Representing:

Monitoring Solutions

COMS Flange to Flange distance (Feet / Inches): 226.125"

Transceiver serial number:

Reflector serial number:

Remote serial number

10  Fault [Additional CEMS fault has occurred.  Note fault code 

on Opacity display and consult the instrument manual.]

NO

Instrument Range Check

Error codes / faults YES - or - NO

7  Blower [Loss of purge air from blower  - Error 100, 300]



%

%

19 %

20 %

21

21a Did you comply with the Zero Compensation Check?

21b Did you comply with the Annual Zero Alignment Error Check?

Zero Alignment Error Check results (if applicable):

Clear Path Value % = Window Check Value % = 

[Record audit filter data.]

%

%

%

[Read and transcribe final calibration error data from the opacity data recorder on the next page]

[Remove the audit filters from the protective covers, inspect, and clean each filter]

[Set the unit up to display the initial zero. Wait 3 minutes to allow opacity data recorder to record initial zero]

[Insert a filter, wait approximately 3 minutes, and record the opacity value reported by the opacity data recorder.  

Repeat the process 5 times for each filter.]

23  MID YC62 27.30 27.30

24  HIGH YC63 46.30 46.30

22  LOW YC61 18.20 18.20

Annual Zero Alignment Error Check

YES - or - NO

NO

Zero Alignment 

Error % =N/A N/A N/A

Filter Serial NO. % Opacity SCF%

2.9

Optical Alignment Check

[LOOK THROUGH ALIGNMENT SIGHT AND DETERMINE IF BEAM IMAGE IS CENTERED.]

Is the image centered?

YES - or - NO

YES

Zero Compensation Check

YES - or - NO

YES

AUDIT DATA SHEET

MONITORING SOLUTIONS DURAG D-R 290 COMS

Page 2 of 55/21/2020 Primary Energy E. Chicago, IN Stack 201

Reflector Dust Accumulation Check

17  Pre-cleaning effluent opacity (% Op) 3.6

[Inspect and clean optical surface.]

18  Post-cleaning effluent opacity (% Op) 3.5

[Go to transceiver location.]

Transceiver Dust Accumulation Check and Zero Compensation Check

Pre-cleaning effluent opacity (% Op) 3.5

[Inspect and clean optical window and zero mirror.]

Post-cleaning effluent opacity (% Op)



[Six-minute average data, if applicable.]

46

Reserved Area

51

52 %

53 Opacity Data Recorder Blank 14      -       Blank 5 = 0.00

Zero Error (% Op.):
4.00 0.00

Opacity Display 6.25 * (Blank 13 - 4.0) - Blank 5 = 0.00

0.00 0.00

50 0.00

Calculation of Audit Results

Stack Correction Factor correlation error (%):
1.000 1.000

= 0.00

1.000

0.00 47 18.30 48 27.40 49 46.20

(If Required)

ZERO LOW MID HIGH ZERO

N/A

42 18.30 43 27.30 44 46.10 45 0.00

38 18.30 39 27.40 40 46.10 41

N/A

34 18.30 35 27.40 36 46.10 37 N/A

30 18.40 31 27.40 32 46.10 33

26 18.60 27 27.60 28 46.10 29 N/A

25 ZERO 0.00

(If Required)

LOW MID HIGH ZERO

AUDIT DATA SHEET

MONITORING SOLUTIONS DURAG D-R 290 COMS

Page 3 of 55/21/2020 Primary Energy E. Chicago, IN Stack 201

[
𝐵𝑙𝑎𝑛𝑘 4 −𝐵𝑙𝑎𝑛𝑘 3

𝐵𝑙𝑎𝑛𝑘 3
] x 100



54 %

55

56 %

57 %

58 %

59

%

60
%

61
%

AUDIT DATA SHEET

MONITORING SOLUTIONS DURAG D-R 290 COMS

Page 4 of 55/21/2020 Primary Energy E. Chicago, IN Stack 201

Span Error (% Op.):

10.40 100 40.00

Opacity Display (((Blank 15 - 4.0) ÷ 16) × Blank 11) - Blank 6

3.6 3.5

Retroreflector Blank 17      -      Blank 18 = 0.10

3.5 2.9

Optical Surface Dust Accumulation (% OP):

= 0.00

40 40

Opacity Data Recorder Blank 16       -      Blank 6 = 0.00

Transceiver Blank 19     -      Blank 20 = 0.60

0.1 0.6

Total Blank 56     +      Blank 57 = 0.70

Optical Path Length Correction (SCF)

Audit Filters Corrected for Path Length:

LOW: 18.20 1.000

= 46.30

= 18.20

MID: 27.30 1.000

= 27.30

HIGH 46.30 1.000

1 − (1 − (
𝐵𝑙𝑎𝑛𝑘 22

100
)𝐵𝑙𝑎𝑛𝑘 4) x  100

1 − (1 − (
𝐵𝑙𝑎𝑛𝑘 23

100
)𝐵𝑙𝑎𝑛𝑘 4) x  100

1 − (1 − (
𝐵𝑙𝑎𝑛𝑘 24

100
)𝐵𝑙𝑎𝑛𝑘 4) x  100



Zero Compensation Check

AUDIT DATA SHEET

MONITORING SOLUTIONS DURAG D-R 290 COMS

Page 5 of 55/21/2020 Primary Energy E. Chicago, IN Stack 201

Auditor: Dan Bowles Date: 05/21/20

Source: Primary Energy Unit: Stack 201

PARAMETER Blank No. Audit Results Specifications

Error Codes/Faults 

Blower failure 7 NO NO

Filter Blockage 8 NO NO

Window 9 NO NO

Fault 10 NO NO

SCF Correlation Error 51 0.00 +/- 2% Op

Internal Zero Error
Display 52 0.00 +/- 4% Op

Data 53 0.00 +/- 4% Op

Internal Span Error
Display 54 0.00 +/- 4% Op

Data 55 0.00 +/- 4% Op

Optical Alignment Analysis 21 YES YES = Centered

21a YES YES = Complied With

Zero Alignment Error 21b N/A ≤ 2% Op

Optical Surface Dust Accumulation

Retroreflector 56 0.10 ≤ 2% Op

Transceiver 57 0.60 ≤ 2% Op

Total 58 0.70 ≤ 4% Op

Calibration Error Analysis

Arithmetic Mean Difference

LOW
62 0.18

71a 0.10

MID
63 0.12

72a 0.10

HIGH
64 -0.20

73a -0.10

Confidence Coeffecient

65 0.16

66 0.14

67 0.00

Calibration Error

68 0.34 ≤ 3% Op

Revision: March, 2016

69 0.26 ≤ 3% Op
70 0.20 ≤ 3% Op



 

Stack 201 5/21/2020

LOW

FILTER

RUN

 (Xi) Xi^2

1 18.60 0.40 0.1600

2 18.40 0.20 0.0400

3 18.30 0.10 0.0100

4 18.30 0.10 0.0100

5 18.30 0.10 0.0100

n = 5

t(0.975) = 

Mean Ref. Method Value 18.2000 RM

Sum of Differences 0.9000 Xi

Arithmetic Mean Difference 0.1800 Xi ave

Sum of Differences Squared 0.2300 Xi^2

Standard Deviation 0.1304 sd

2.5% Error Conf.Coef 0.1619 CC

Calibration Error 0.3419 percent

 

2.776

RM

18.20

18.20

18.20

18.20

18.20

      OPACITY LOW FILTER AUDIT

     Accuracy Determination

(FILTER-MONITOR) 

Difference
Difference^2

Primary Energy E. Chicago, IN

Opacity Output from 

Recording Device

Audit Filter Value Corrected for 

Path Length (SCF)



 

Stack 201 5/21/2020

MID

FILTER

RUN

 (Xi) Xi^2

1 27.60 0.30 0.0900

2 27.40 0.10 0.0100

3 27.40 0.10 0.0100

4 27.40 0.10 0.0100

5 27.30 0.00 0.0000

n = 5

t(0.975) = 

Mean Ref. Method Value 27.3000 RM

Sum of Differences 0.6000 Xi

Arithmetic Mean Difference 0.1200 Xi ave

Sum of Differences Squared 0.1200 Xi^2

Standard Deviation 0.1095 sd

2.5% Error Conf.Coef 0.1360 CC

Calibration Error 0.2560 percent

 

2.776

RM

27.30

27.30

27.30

27.30

27.30

      OPACITY MID FILTER AUDIT

     Accuracy Determination

Primary Energy E. Chicago, IN

Opacity Output from 

Recording Device

Audit Filter Value Corrected for 

Path Length (SCF)

(FILTER-MONITOR) 

Difference
Difference^2



 

Stack 201 5/21/2020

HIGH

FILTER

RUN

 (Xi) Xi^2

1 46.10 -0.20 0.0400

2 46.10 -0.20 0.0400

3 46.10 -0.20 0.0400

4 46.10 -0.20 0.0400

5 46.10 -0.20 0.0400

n = 5

t(0.975) = 

Mean Ref. Method Value 46.3000 RM

Sum of Differences -1.0000 Xi

Arithmetic Mean Difference -0.2000 Xi ave

Sum of Differences Squared 0.2000 Xi^2

Standard Deviation 0.0000 sd

2.5% Error Conf.Coef 0.0000 CC

Calibration Error 0.2000 percent

 

2.776

RM

46.30

46.30

46.30

46.30

46.30

      OPACITY HIGH FILTER AUDIT

     Accuracy Determination

Primary Energy E. Chicago, IN

Opacity Output from 

Recording Device

Audit Filter Value Corrected for 

Path Length (SCF)

(FILTER-MONITOR) 

Difference
Difference^2



OPACITY, %05/21/2020
09:19

MOS0.009:19:01

MOS0.009:19:03

MOS0.009:19:05

MOS0.009:19:07

MOS0.009:19:09

MOS0.009:19:11

MOS0.009:19:13

MOS0.009:19:15

MOS0.009:19:17

MOS0.009:19:19

MOS0.009:19:21

MOS0.009:19:23

MOS0.009:19:25

MOS0.009:19:27

MOS0.009:19:29

MOS0.009:19:31

MOS0.009:19:33

MOS0.009:19:35

MOS0.009:19:37

MOS0.009:19:39

MOS0.009:19:41

MOS2.309:19:43

MOS7.009:19:45

MOS11.709:19:47

MOS16.409:19:49

MOS18.609:19:51

MOS18.609:19:53

MOS18.609:19:55

MOS18.609:19:57

MOS18.609:19:59

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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OPACITY, %05/21/2020
09:20

MOS18.609:20:01

MOS18.609:20:03

MOS18.609:20:05

MOS18.609:20:07

MOS18.609:20:09

MOS18.609:20:11

MOS18.609:20:13

MOS18.609:20:15

MOS18.609:20:17

MOS14.209:20:19

MOS15.309:20:21

MOS17.509:20:23

MOS19.609:20:25

MOS25.909:20:27

MOS27.609:20:29

MOS27.609:20:31

MOS27.609:20:33

MOS27.609:20:35

MOS27.709:20:37

MOS27.709:20:39

MOS27.709:20:41

MOS27.609:20:43

MOS27.609:20:46

MOS27.609:20:48

MOS27.709:20:50

MOS27.709:20:52

MOS27.709:20:54

MOS21.409:20:56

MOS25.909:20:58

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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OPACITY, %05/21/2020
09:21

MOS30.509:21:00

MOS34.809:21:02

MOS46.009:21:04

MOS46.109:21:06

MOS46.109:21:08

MOS46.109:21:10

MOS46.109:21:12

MOS46.109:21:14

MOS46.109:21:16

MOS46.109:21:18

MOS46.109:21:20

MOS46.109:21:22

MOS46.109:21:24

MOS46.109:21:26

MOS46.109:21:28

MOS46.109:21:30

MOS40.509:21:32

MOS30.109:21:34

MOS23.909:21:36

MOS17.009:21:38

MOS15.709:21:40

MOS18.409:21:42

MOS18.409:21:44

MOS18.409:21:46

MOS18.409:21:48

MOS18.409:21:50

MOS18.409:21:52

MOS18.409:21:54

MOS18.409:21:56

MOS18.409:21:58

Status Code Definitions

MOS = MONITOR OUT OF SERVICE

CEMDAS Evolution™ Page 3 of 12

STACK 201

Scans ReportPrimary Energy Coke

05/21/2020 09:30-05/21/2020 09:19East Chicago, IN

Created on : May 21, 2020 11:03:22

DBowles
Highlight

DBowles
Highlight



OPACITY, %05/21/2020
09:22

MOS18.409:22:00

MOS18.409:22:02

MOS18.409:22:04

MOS18.409:22:06

MOS18.409:22:08

MOS18.409:22:10

MOS17.209:22:12

MOS15.909:22:14

MOS18.809:22:16

MOS21.109:22:18

MOS25.609:22:20

MOS27.409:22:22

MOS27.409:22:24

MOS27.509:22:26

MOS27.409:22:28

MOS27.409:22:30

MOS27.409:22:32

MOS27.409:22:34

MOS27.409:22:36

MOS27.509:22:38

MOS27.509:22:40

MOS27.509:22:42

MOS27.409:22:44

MOS27.409:22:46

MOS26.109:22:48

MOS24.609:22:50

MOS29.309:22:52

MOS34.009:22:54

MOS40.009:22:56

MOS46.109:22:58

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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OPACITY, %05/21/2020
09:23

MOS46.109:23:00

MOS46.109:23:02

MOS46.109:23:04

MOS46.109:23:06

MOS46.109:23:08

MOS46.109:23:10

MOS46.209:23:12

MOS46.209:23:14

MOS46.109:23:16

MOS46.109:23:18

MOS46.109:23:20

MOS46.109:23:22

MOS38.509:23:24

MOS29.809:23:26

MOS22.809:23:29

MOS15.909:23:31

MOS18.309:23:33

MOS18.309:23:35

MOS18.309:23:37

MOS18.309:23:39

MOS18.309:23:41

MOS18.309:23:43

MOS18.309:23:45

MOS18.309:23:47

MOS18.309:23:49

MOS18.309:23:51

MOS18.309:23:53

MOS18.309:23:55

MOS18.309:23:57

MOS18.309:23:59

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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OPACITY, %05/21/2020
09:24

MOS15.509:24:01

MOS17.809:24:03

MOS20.009:24:05

MOS22.309:24:07

MOS27.409:24:09

MOS27.409:24:11

MOS27.409:24:13

MOS27.409:24:15

MOS27.409:24:17

MOS27.409:24:19

MOS27.409:24:21

MOS27.409:24:23

MOS27.409:24:25

MOS27.409:24:27

MOS27.409:24:29

MOS27.409:24:31

MOS27.409:24:33

MOS27.409:24:35

MOS23.909:24:37

MOS25.209:24:39

MOS29.909:24:41

MOS34.609:24:43

MOS42.709:24:45

MOS46.109:24:47

MOS46.109:24:49

MOS46.109:24:51

MOS46.109:24:53

MOS46.109:24:55

MOS46.109:24:57

MOS46.109:24:59

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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OPACITY, %05/21/2020
09:25

MOS46.109:25:01

MOS46.109:25:03

MOS46.109:25:05

MOS46.109:25:07

MOS46.109:25:09

MOS46.109:25:11

MOS46.109:25:13

MOS35.709:25:15

MOS28.409:25:17

MOS21.209:25:19

MOS14.509:25:21

MOS17.909:25:23

MOS18.309:25:25

MOS18.309:25:27

MOS18.309:25:29

MOS18.309:25:31

MOS18.309:25:33

MOS18.309:25:35

MOS18.309:25:37

MOS18.309:25:39

MOS18.309:25:41

MOS18.309:25:43

MOS18.309:25:45

MOS18.309:25:47

MOS18.309:25:49

MOS18.309:25:51

MOS16.009:25:53

MOS15.209:25:55

MOS17.109:25:57

MOS19.409:25:59

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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OPACITY, %05/21/2020
09:26

MOS22.809:26:01

MOS27.409:26:03

MOS27.409:26:05

MOS27.409:26:07

MOS27.409:26:10

MOS27.409:26:12

MOS27.409:26:14

MOS27.409:26:16

MOS27.409:26:18

MOS27.409:26:20

MOS27.409:26:22

MOS27.409:26:24

MOS27.409:26:26

MOS27.409:26:28

MOS25.309:26:30

MOS26.409:26:32

MOS31.109:26:34

MOS35.809:26:36

MOS42.509:26:38

MOS46.209:26:40

MOS46.209:26:42

MOS46.209:26:44

MOS46.109:26:46

MOS46.109:26:48

MOS46.209:26:50

MOS46.109:26:52

MOS46.109:26:54

MOS46.109:26:56

MOS46.209:26:58

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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OPACITY, %05/21/2020
09:27

MOS46.109:27:00

MOS35.709:27:02

MOS29.209:27:04

MOS23.509:27:06

MOS16.509:27:08

MOS18.209:27:10

MOS18.309:27:12

MOS18.309:27:14

MOS18.309:27:16

MOS18.309:27:18

MOS18.309:27:20

MOS18.309:27:22

MOS18.309:27:24

MOS18.309:27:26

MOS18.309:27:28

MOS18.309:27:30

MOS18.309:27:32

MOS18.309:27:34

MOS18.309:27:36

MOS16.209:27:38

MOS17.009:27:40

MOS19.209:27:42

MOS21.509:27:44

MOS25.809:27:46

MOS27.309:27:48

MOS27.309:27:50

MOS27.309:27:52

MOS27.309:27:54

MOS27.309:27:56

MOS27.309:27:58

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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OPACITY, %05/21/2020
09:28

MOS27.309:28:00

MOS27.309:28:02

MOS27.309:28:04

MOS27.309:28:06

MOS27.309:28:08

MOS27.309:28:10

MOS27.309:28:12

MOS27.309:28:14

MOS22.809:28:16

MOS27.409:28:18

MOS32.109:28:20

MOS36.809:28:22

MOS46.109:28:24

MOS46.109:28:26

MOS46.109:28:28

MOS46.109:28:30

MOS46.109:28:32

MOS46.109:28:34

MOS46.109:28:36

MOS46.109:28:38

MOS46.109:28:40

MOS46.109:28:42

MOS46.109:28:44

MOS46.109:28:46

MOS46.109:28:48

MOS46.109:28:50

MOS36.809:28:53

MOS29.909:28:55

MOS22.909:28:57

MOS16.009:28:59

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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OPACITY, %05/21/2020
09:29

MOS18.309:29:01

MOS18.309:29:03

MOS18.309:29:05

MOS18.309:29:07

MOS16.109:29:09

MOS16.809:29:11

MOS19.109:29:13

MOS21.409:29:15

MOS25.909:29:17

MOS27.309:29:19

MOS27.309:29:21

MOS27.309:29:23

MOS27.309:29:25

MOS27.309:29:27

MOS27.309:29:29

MOS21.909:29:31

MOS22.109:29:33

MOS28.009:29:35

MOS33.009:29:37

MOS44.509:29:39

MOS46.109:29:41

MOS46.209:29:43

MOS46.109:29:45

MOS46.109:29:47

MOS46.109:29:49

MOS46.109:29:51

MOS45.509:29:53

MOS33.909:29:55

MOS22.409:29:57

MOS12.309:29:59

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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OPACITY, %05/21/2020
09:30

MOS2.109:30:01

MOS0.009:30:03

MOS0.009:30:05

MOS0.009:30:07

MOS0.009:30:09

MOS0.009:30:11

MOS0.009:30:13

MOS0.009:30:15

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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Stack 201 5/21/2020

6

Minute

Averages

 (Xi)  

ZERO 0.00 0.00 0.00

LOW 18.30 0.10 0.10

MID 27.40 0.10 0.10

HIGH 46.20 -0.10 0.10

ZERO 0.00 0.00 0.00

RM

0.00

46.30

27.30

0.00

18.20

OPACITY FILTER AUDIT

Accuracy Determination

* 6-minute Averages *

(FILTER-MONITOR) 

Difference
Opacity Error

Primary Energy E. Chicago, IN

Opacity Output from 

Recording Device

Audit Filter Value Corrected for 

Path Length (SCF)



Opac, %
Minutes
 54  -  59

Opac, %
Minutes
 48  -  53

Opac, %
Minutes
 42  -  47

Opac, %
Minutes
 36  -  41

Opac, %
Minutes
 30  -  35

Opac, %
Minutes
 24  -  29

Opac, %
Minutes
 18  -  23

Opac, %
Minutes
 12  -  17

Opac, %
Minutes
 6  -  11

Opac, %
Minutes
 0  -  5Hour

1.1  SVC1.0  SVC0.9  SVC1.1  SVC1.1  SVC1.2  SVC1.1  SVC1.0  SVC1.1  SVC1.1  SVC0

1.1  SVC1.1  SVC1.1  SVC1.2  SVC1.1  SVC1.0  SVC1.1  SVC1.2  SVC1.0  SVC1.1  SVC1

1.1  SVC1.1  SVC1.0  SVC1.1  SVC1.1  SVC1.1  SVC1.0  SVC1.0  SVC1.0  SVC1.2  SVC2

1.1  SVC1.0  SVC1.2  SVC1.0  SVC0.9  SVC0.9  SVC1.0  SVC1.1  SVC1.0  SVC1.0  SVC3

1.0  NSA1.0  SVC1.0  SVC1.0  SVC1.1  SVC1.0  SVC1.0  SVC1.1  SVC1.2  SVC1.1  SVC4

1.1  SVC1.1  SVC1.1  SVC1.1  SVC1.1  SVC1.1  SVC1.2  SVC1.0  SVC1.0  SVC1.0  SVC5

1.1  SVC1.1  SVC1.2  SVC1.2  SVC1.2  SVC1.2  SVC1.1  SVC1.1  SVC1.3  SVC1.2  SVC6

1.1  SVC1.2  SVC1.1  SVC1.0  SVC1.1  SVC1.1  SVC1.1  SVC1.1  SVC1.1  SVC1.2  SVC7

1.1  MOS1.0  MOS1.0  MOS1.2  NSA1.1  SVC1.1  SVC1.1  SVC1.1  SVC1.1  SVC1.1  SVC8

18.3  MOS18.3  MOS4.4  MOS0.0  MOS0.0  MOS30.0  MOS19.5  MOS1.0  MOS1.1  MOS1.1  MOS9

2.0  MOS2.0  MOS1.8  MOS0.4  MOS0.0  MOS30.0  MOS46.2  MOS40.2  MOS27.4  MOS26.8  MOS10

MOS = MONITOR OUT OF SERVICE NSA = NO SAMPLE AVAILABLE SVC = MONITOR IN SERVICE

Status Code Definitions

The average opacity period average for the day was 1.1 % for 85 periods of valid data.

The Fan was in operation for 110 periods

The maximum opacity period average for the day was 1.3 %

There were 25 periods of invalid data
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AUDIT DATA



Opacity Performance Audit                                                         Monitoring Solutions, Inc.

APPENDIX B

AUDIT FILTER CERTIFICATION SHEETS







Unit(s): Stack 201

ZERO ALIGNMENT CHECK

FOR

MODEL: DURAG D-R 290 COMS

4/10/2020Testing Completed On:

MONITORING SOLUTIONS, INC.

2020

East Chicago

Primary Energy

PREPARED BY:



1.000

226.125

Stack 

1248342

1248145

1248283

0.0

0.2

0.2

PASS

Zero Alignment Check                                                         Monitoring Solutions, Inc.

Auditor: Durag Flange to

Stack Correction 

Factor (SCF):

Client:

City, State: 

Dan

Primary Energy

East Chicago

Stack 201Unit(s): 

Monitoring Solutions, Inc. was contracted to conduct a Zero Alignment Check on a Durag Model

D-R 290 opacity system.  Testing was performed as per 40CFR60 Appendix F - Procedure 3.

Test results are as follows:

Flange distance:4/10/2020Test Date: 

Remote S/N :

Unit ID :

May 2015

Date: 

Revision:

Page 1 of 2

Transceiver S/N :

Reflector S/N :

Reviewed by: 

* Zero Alignment Error must be ≤ 2% to pass

Zero Alignment Error % :

Window Check Value % :

Clear Path Reading % :

jpollock
Typewriter
John Pollock

jpollock
Typewriter
04/17/20



a)

b)

c)

d)

e)

f)

g)

h)

i)

j)

k)

l)

After completion of the the Durag Clear Path procedure, document the final 

values in the second results box.

Power down the system and return the components to their original location 

and power up the system.

The response difference between these two readings are recorded as the “zero 

alignment error”. The maximum allowable zero alignment error is 2%.

If the zero alignment error is 2% or less, then adjust the simulated zero 

(window check) to read the same value in % opacity as the clear path zero 

value. Continue to step k).

If the zero alignment error is greater than 2%, then perform the Durag Clear 

Path setup procedure.

Clean the transceiver's window & zero mirror; and the reflector. Perform a 

manual calibration to verify the internal compensation is at zero.

After unit has stabilized, record the Durag's response to the clear path zero in 

% opacity without any adjustment.

Remove the Transceiver & Reflector from its current installation and setup on 

stands at the exact distance as their original location.

Perform the following to document the "Zero Alignment Error":

Zero Alignment Error Check Procedure

Check that the transceiver and reflector are properly aligned using the 

sighting window on the side of the transceiver. Adjust alignment as 

necessary.

Zero Alignment Check                                                         Monitoring Solutions, Inc.

The Zero Alignment Error Check is performed one time each year. This check utilizes

the setup section of Durag's Clear Path procedure and verifies the “measuring” zero

point of the unit in a known clear path setup. The transceiver and reflector are removed

from their installation and set up on stands in a clean, dust free environment. The stands

are set at the same distance as the installation location, referred to as the "Durag flange

to flange distance". The optics on the unit are cleaned and the alignment is verified /

adjusted as required. Without performing any electrical and/or mechanical adjustments

to the transceiver, the measuring zero is compared to the simulated zero - or - Window

Check. The difference between the measuring zero and the simulated zero, must NOT

exceed 2% opacity.

Connect and power up the remote (AW) unit and allow the system to 

complete a calibration check.

Verify alignment is correct and perform a manual Daily Calibration check 

and verify it passes.

Activate the simulated zero (Window Check) and record the reading in % 

opacity without any adjustment.
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I. 

SO2

Cylinder Gas Audit  Monitoring Solutions, Inc.

Introduction

Monitoring Solutions, Inc. was contracted to conduct a Cylinder Gas Audit on a Continuous 

Emission Monitoring System (CEMS).  This audit was performed:

Client: Primary Energy

Our assessment of this quarter’s CGA results indicates that all of the analyzers evaluated during this 

test program meet the accuracy requirements as outlined in 40 CFR 60, Appendix F.

NOTE: Table 1-1 summarizes the results for the cylinder gas audit.

City, State: E. Chicago, IN

Unit: Stack 201

Auditor: Dan Bowles

Audit Date: 7/28/2020

The audit of the Continuous Emission Monitoring System was conducted for the following gases:

Gas #1 : 
Gas #2 : O2 Dry & O2 Wet

Reviewed by: 

Date: 

Revision: March 2020

Page 1
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4.00 5.32

Pass Pass

Table 1-1

40 CFR 60, Appendix F Performance Test requirements: <15%

O2 Wet 4.00 5.32

Primary Energy Stack 201 7/28/2020

Summary of Cylinder Gas Audit Results

Parameter
SO2 3.29 4.54

O2 Dry

Low Gas Error Mid Gas Error



II.

a)

b)

c)

Page 3

Pollutants - 20-30% of span value 50-60% of span value

Diluent - O2 4-6% by volume 8-12% by volume

Diluent - CO2 5-8% by volume 10-14% by volume

Table 1-2

NOTE: Some operators may have cylinder gas values that fall outside of these parameters. 

This may be a result of previous agreements with their state or local EPA authority.

Challenge each monitor (both pollutant and diluent, if applicable) with cylinder gases of known 

concentrations at two measurement points listed in Table 1-2.

Use a separate cylinder gas for measurement points 1 and 2. Challenge the CEMS three times 

at each measurement point and record the responses.

Use cylinder gases that have been certified by comparison to National Institute of Standards 

and Technology (NIST) gaseous standard reference material (SRM) or NIST/EPA approved 

gas manufacturer’s certified reference material (CRM) following ‘‘Traceability Protocol for 

Establishing True Concentrations of Gases Used for Calibration and Audits of Continuous 

Source Emission Monitors. (Protocol Number 1).’’

NOTE: In rare cases, some operators may have pollutant cylinder gases that are not "Protocol 

1". Pollutant cylinder gases in high concentrations may not be certifiable to the "Protocol 1 

Standard" and are only available as a "Certified Standard" (e.g. Sulfur Dioxide [SO2] in a 

concentration of 3.0% - or - 30,000 ppm).

Gas Measurement point #1 Measurement point #2

The gases are actuated on and off by utilizing a computer and/or PLC controlled solenoids at 

designated time intervals.

Cylinder Gas Audit  Monitoring Solutions, Inc.

CYLINDER GAS AUDIT PROCEDURES

Each Continuous Emission Monitor (CEM) must be audited three out of four calendar quarters of 

each year. As part of the Quality Control (QC) and Quality Assurance (QA) procedures, the quality 

of data produced is evaluated by response accuracy compared to known standards,

The Cylinder Gas Audit (CGA) for this quarter was conducted in accordance with the QA/QC 

procedure outlined in 40 CFR 60, Appendix F.

All applicable audit gases are connected to the sampling system. Each gas is introduced into the 

sampling and analysis system. The gases flow through as much of the sampling path as possible.



d)

A
Cm

Ca

Page 4

Cylinder Gas Audit  Monitoring Solutions, Inc.

Determine the Accuracy of each measurement point using the formula below. The  "Accuracy" 

error must not exceed 15%.

Where:

= Accuracy of the CEMS, percent.

= Average CEMS response during audit in units of applicable

   standard or appropriate concentration.

= Average audit value (CGA certified value) in units

 of applicable standard or appropriate concentration.

𝐴 =
𝐶

𝑚
− 𝐶𝑎

𝐶
𝑎

𝑥 100 ≤ 15 percent



Cylinder Gas Audit  Monitoring Solutions, Inc.

III. Cylinder Gas Audit Data Sheets

Page 5



CLIENT: CONDUCTED BY : Dan Bowles

PLANT / SITE: ATTENDEE : N/A

UNIT ID: AUDIT DATE: 7/28/2020

MONITOR TESTED: ANALYZER SERIAL NUMBER: 1152150034

RANGE : 0 - 700 PPM

Run Time Reference value Monitor value Difference

1 10:55 176.50 182.60 6.10 3.46 %

2 11:13 176.50 182.10 5.60 3.17 %

3 11:31 176.50 182.20 5.70 3.23 %

1 11:06 390.70 408.40 17.70 4.53 %

2 11:24 390.70 407.80 17.10 4.38 %

3 11:52 390.70 409.10 18.40 4.71 %

Arithmetic Mean: 182.30 Tank S/N CC14789

Tank Expiration Date 7/25/2025

CGA Error: 3.29 %

Arithmetic Mean: 408.43 Tank S/N XC019164B

Tank Expiration Date 12/9/2027

CGA Error: 4.54 %

Low-level

Mid-level

Low-level

Mid-Level

CYLINDER GAS AUDIT (CGA)  ERROR DETERMINATION

Primary Energy

E. Chicago, IN

Stack 201

SO2

Error %



-------Mid Diff-------Low DiffMeasuredExpectedTypeTimestampRun#ParameterDate

07/28/2020

182.6176.5QTR_LOW10:55:001SO2, PPM 6.1

408.4390.7QTR_MID11:06:001SO2, PPM

182.1176.5QTR_LOW11:13:002SO2, PPM 5.6

407.8390.7QTR_MID11:24:002SO2, PPM

182.2176.5QTR_LOW11:31:003SO2, PPM 5.7

409.1390.7QTR_MID11:52:003SO2, PPM

Arithmetic Mean of Quarterly Low : 182.3 
Linearity Error of Quarterly Low : 3.3 
Calibration Tolerance:  15.0

Arithmetic Mean of Quarterly Mid : 408.4 
Linearity Error of Quarterly Mid : 4.5 
Calibration Tolerance:  15.0

Calibration Result :  Pass

CEMS Type : Full Extractive
Manufacturer: Thermo
Model Number : 43i-HL
Serial Number: 1152150034
Monitor Certification Date:

Tested By : ____________________________

Date: _________________________________

CEMDAS Evolution™ Page 3 of 3

Primary Energy Coke

07/28/2020 -

CGA Report
07/28/2020 STACK 201East Chicago, IN

Created on : Jul 28, 2020 11:59:19
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CLIENT: CONDUCTED BY : Dan Bowles

PLANT / SITE: ATTENDEE : N/A

UNIT ID: AUDIT DATE: 7/28/2020

MONITOR TESTED: ANALYZER SERIAL NUMBER: 11400

RANGE : 0 - 25 %

Run Time Reference value Monitor value Difference

1 10:55 5.00 5.20 0.20 4.00 %

2 11:13 5.00 5.20 0.20 4.00 %

3 11:31 5.00 5.20 0.20 4.00 %

1 11:00 9.97 10.50 0.53 5.32 %

2 11:19 9.97 10.50 0.53 5.32 %

3 11:37 9.97 10.50 0.53 5.32 %

Arithmetic Mean: 5.20 Tank S/N CC14789

Tank Expiration Date 7/25/2025

CGA Error: 4.00 %

Arithmetic Mean: 10.50 Tank S/N CC400438

Tank Expiration Date 8/16/2025

CGA Error: 5.32 %

Low-level

Mid-level

Low-level

Mid-Level

CYLINDER GAS AUDIT (CGA)  ERROR DETERMINATION

Primary Energy

E. Chicago, IN

Stack 201

O2 Dry

Error %



-------Mid Diff-------Low DiffMeasuredExpectedTypeTimestampRun#ParameterDate

07/28/2020

0.25.25.0QTR_LOW10:55:001O2 DRY, %

0.510.510.0QTR_MID11:00:001O2 DRY, %

5.25.0QTR_LOW11:13:002O2 DRY, %

0.510.510.0QTR_MID11:19:002O2 DRY, %

5.25.0QTR_LOW11:31:003O2 DRY, % 0.2

5.210.0QTR_MID11:37:003O2 DRY, %

Arithmetic Mean of Quarterly Low : 5.2 
Linearity Error of Quarterly Low : 4.0 
Calibration Tolerance:  15.0

Arithmetic Mean of Quarterly Mid : 10.5 
Linearity Error of Quarterly Mid : 5.3 
Calibration Tolerance:  15.0

Calibration Result :  Pass

CEMS Type : Full Extractive
Manufacturer: Brand Gaus
Model Number : 4705
Serial Number: 11400
Monitor Certification Date:

Tested By : ____________________________

Date: _________________________________

CEMDAS Evolution™ Page 1 of 3

Primary Energy Coke

07/28/2020 -

CGA Report
07/28/2020 STACK 201East Chicago, IN

Created on : Jul 28, 2020 11:59:19
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CLIENT: CONDUCTED BY : Dan Bowles

PLANT / SITE: ATTENDEE : N/A

UNIT ID: AUDIT DATE: 7/28/2020

MONITOR TESTED: ANALYZER SERIAL NUMBER: 11401

RANGE : 0 - 25 %

Run Time Reference value Monitor value Difference

1 10:55 5.00 5.20 0.20 4.00 %

2 11:13 5.00 5.20 0.20 4.00 %

3 11:31 5.00 5.20 0.20 4.00 %

1 11:00 9.97 10.50 0.53 5.32 %

2 11:19 9.97 10.50 0.53 5.32 %

3 11:37 9.97 10.50 0.53 5.32 %

Arithmetic Mean: 5.20 Tank S/N CC14789

Tank Expiration Date 7/25/2025

CGA Error: 4.00 %

Arithmetic Mean: 10.50 Tank S/N CC400438

Tank Expiration Date 8/16/2025

CGA Error: 5.32 %

Low-level

Mid-level

Low-level

Mid-Level

CYLINDER GAS AUDIT (CGA)  ERROR DETERMINATION

Primary Energy

E. Chicago, IN

Stack 201

O2 Wet

Error %



-------Mid Diff-------Low DiffMeasuredExpectedTypeTimestampRun#ParameterDate

07/28/2020

0.25.25.0QTR_LOW10:55:001O2 WET, %

0.510.510.0QTR_MID11:00:001O2 WET, %

5.25.0QTR_LOW11:13:002O2 WET, % 0.2

10.510.0QTR_MID11:19:002O2 WET, %

5.25.0QTR_LOW11:31:003O2 WET, % 0.2

10.510.0QTR_MID11:37:003O2 WET, %

Arithmetic Mean of Quarterly Low : 5.2 
Linearity Error of Quarterly Low : 4.0 
Calibration Tolerance:  15.0

Arithmetic Mean of Quarterly Mid : 10.5 
Linearity Error of Quarterly Mid : 5.3 
Calibration Tolerance:  15.0

Calibration Result :  Pass

CEMS Type : Full Extractive
Manufacturer: Brand Gaus
Model Number : 4705
Serial Number: 11401
Monitor Certification Date:

Tested By : ____________________________

Date: _________________________________

CEMDAS Evolution™ Page 2 of 3

Primary Energy Coke

07/28/2020 -

CGA Report
07/28/2020 STACK 201East Chicago, IN

Created on : Jul 28, 2020 11:59:19
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Airj* as Specialty Gases
Airgas USA, LLC
12722 S. Wentworth Avc.
Chicago, IL 60628
Airgiis.com

I A ~ 71i ; '• •: . \
i .V

an Air Liquid© company

CERTIFICATE OF ANALYSIS
Grade of Product: EPA Protocol

E03NI89E15A0052
XC019164B
124 - Chicago (SAP) - IL
B12019
C02,S02,BALN

Reference Number:
Cylinder Volume;
Cylinder Pressure:
Valve Outlet:
Certification Date:

Expiration Date: Dec 09 . 2027

54-401666281-1
149.9 CF
2015 PSIG

Part Number:
Cylinder Number:
Laboratory:
PGVP Number:
Gas Code:

660
Dec 09, 2019

Curtificniion performed in accordance wilh "EPA Traceability Protocol for Assay and Certification of Gaseous Calibration Standards (May 2012 )" document EPA
600/R- T 2/531. Using the assay procedures listed. Analytical Methodology does not require correction for analytical interference. This cylinder has a total analytical

uncertainty as staled below wilh o confidence level of 95%. There are no significant impurities which affect the use of this calibration mixture. All concentrations are on 3

mole/mole basis unless otherwise noted.
i - , . Do Not Use This Cylinder below 100 psig, i.e. 0.7 megapascals.

ANAIA TICAL RESULTS
Protocol
Method

Assay
DatesComponent Total Relative

Uncertainty
Requested
Concentration

Actual
Concentration

12/02/2019. 12/09/2019
12/02/2019

+/- 1.1% NIST Traceable
+/- 1.2% NIST Traceable

SULFUR DIOXIDE
CARBON DIOXIDE
NITROGEN

G1390.7 PPM
10.12 %

385.0 PPM
10.00 %
Balance

G1

CALIBRATION STANDARDS
Expiration DateUncertaintyCylinder NoType Lot ID Concentration

Jul 06, 2022
Jan 11, 2024

+/- 1.0%
+/- 0.6%

10010726
12061517

AAL072978
CC354769

491.9 PPM SULFUR DIOXIDE/NITROGEN
19.87 % CARBON DIOXIDE/NITROGEN

NTRM
NTRM

ANALYTICAL EQUIPMENT
Analytical Principle Last Multipoint CalibrationInstrument/Make/Model

Nicolet 6700 AHR0801332
Nicolet 6700 AHR0801332

FTIR Nov 15, 2019
Nov 25, 2019FTIR

Triad Data Available Upon Request

i

i

1 >
1

/

11

Page 1 of 54-401666281-1



CERTIFICATE OF ANALYSIS
Grade of Product: EPA Protocol

Part Number: E02NI90E15A0228 Reference Number: 54-400967311-1
Cylinder Number: CC400438 Cylinder Volume: 145.2 CF
Laboratory: 124 - Chicago (SAP) - IL Cylinder Pressure: 2015 PSIG
PGVP Number: B12017 Valve Outlet: 590
Gas Code: O2,BALN Certification Date: Aug 16, 2017

Expiration Date: Aug 16, 2025

Certification performed in accordance with “EPA Traceability Protocol for Assay and Certification of Gaseous Calibration Standards (May 2012)” document EPA
600/R-12/531, using the assay procedures listed. Analytical Methodology does not require correction for analytical interference. This cylinder has a total analytical

uncertainty as stated below with a confidence level of 95%. There are no significant impurities which affect the use of this calibration mixture. All concentrations are on a
volume/volume basis unless otherwise noted.

Do Not Use This Cylinder below 100 psig, i.e. 0.7 megapascals.

ANALYTICAL RESULTS
Component Requested Actual Protocol Total Relative Assay

Concentration Concentration Method Uncertainty Dates

OXYGEN 10.00 % 9.970 % G1 +/- 1% NIST Traceable 08/16/2017
NITROGEN Balance -

CALIBRATION STANDARDS
Type Lot ID Cylinder No Concentration Uncertainty Expiration Date

NTRM 06120102 CC195613 9.898 % OXYGEN/NITROGEN +/- 0.7% Jul 26, 2018

ANALYTICAL EQUIPMENT
Instrument/Make/Model Analytical Principle Last Multipoint Calibration

O2-1 HORIBA MPA-510 3VUYL9NR Paramagnetic Jul 17, 2017

Triad Data Available Upon Request

Airgas Specialty Gases
Airgas USA, LLC
12722 S. Wentworth Ave.
Chicago, IL 60628
Airgas.com

                   Signature on file                  

Approved for Release Page 1 of 54-400967311-1





Unit: Stack 201

PREPARED BY:

Audit Completed On:

MONITORING SOLUTIONS, INC.

Third (3rd) Quarter Results

2020
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I.  

1 Zero and Span Check

2 Zero Compensation Check

3 Optical Alignment Check

4 Calibration Error Check

5

YES: NO: X ERROR: N/A

Low Mid High

0.10 0.08 0.40

PASS PASS PASS

0 0 0

March 2016

The performance testing consists of:

Annual “Zero Alignment” check performed this quarter: 

Date: 

Revision:

Summary of Calibration Error Check

Filter :

Auditor:

Audit Date: 

Primary Energy

Page 1

E. Chicago, IN

Reviewed by: 

Client:

Percent of Error:

City, State: 

Monitoring Solutions, Inc. was contracted to conduct an opacity performance audit on a Durag 

Model D-R 290 opacity system.  

All raw data, calculated data and final summary are presented.  The results indicate compliance for 

all specifications. Testing was performed as per 40CFR60 Appendix F and 40CFR60 Appendix B, 

PS1 (Where Applicable).

Annual Zero Alignment (When required)

Introduction

Opacity Performance Audit                                                         Monitoring Solutions, Inc.

Dan Bowles

7/28/2020
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II.

A.

Monitoring Solutions, Inc. Durag Model D-R 290

PERFORMANCE AUDIT PROCEDURES FOR THE

MONITORING SOLUTIONS, INC. OPACITY MONITOR

The instrument is manufactured by the Durag Corporation and distributed and serviced by 

Monitoring Solutions, Inc.

The opacity monitor measures the amount of light transmitted through the effluent from

the transceiver to the retro reflector and back again. The control unit uses the effluent

transmittance to calculate the optical density of the effluent at the monitor location, or the

“path” optical density. In order to provide stack exit opacity data, the path optical density

must be corrected. The correction factor is expressed as the ratio of the stack exit inside

diameter to the inside diameter of the stack at the Transmissometer location. This ratio is

called the “stack correction factor” (SCF) by Monitoring Solutions, Inc. The following

equations illustrate the relationship between this ratio, path optical density, and stack exit

opacity.

COMS Description

Page 2

The Monitoring Solutions, Inc. D-R 290 opacity monitoring system consists of four major

components: the Transmissometer, the terminal control box, the air-purging system and

the remote control unit and data acquisition equipment. The Transmissometer component

consists of an optical transmitter/receiver (transceiver) unit mounted on one side of a

stack or duct and a retro reflector unit mounted on the opposite side. The transceiver unit

contains the light source, the photodiode detector, and the associated electronics. The

transceiver uses a single-lamp, single detector system to determine effluent opacity. A

LED light source is modulated electronically at 2 KHz to eliminate any ambient light

interference. The modulated beam is configured to alternately produce reference and

measurement signals so that the effects of variations in the optical and electronic

components of the COMS are minimized.

The air purging system serves a threefold purpose: 1) it provides an air window to keep 

exposed optical surfaces clean; 2) it protects the optical surfaces from condensation of 

stack gas moisture; and 3) it minimizes thermal conduction from the stack to the 

instrument.  A standard installation has one air-purging system for each the transceiver 

and the retro reflector units.

In a single display configuration, an AW unit is mounted in a blue housing next to the 

transceiver location. In a dual display configuration, an AZ unit is mounted in the blue 

housing next to the transceiver location and an AW is mounted in a remote location, 

typically, a control room. The AZ and the AW communicate via an RS 422 cable. The AZ 

unit provides an on stack readout and can be used as a diagnostic tool. In either 

configuration, only the AW provides the signals to the final recording device.

Opacity Performance Audit                                                         Monitoring Solutions, Inc.



Lx / Lt =

where: Lx =

Lt =

OPx =

OPx =

B.

1.

a.

Note:

b.

c.

Note:

d.

Note:

Performance Audit Procedures

The stack correction factor (SCF) is preset by the manufacturer using

information supplied by the source. The value recorded in Blank 4 should be

the value source personnel agree should be set inside the monitor.

Preliminary Data

Calculate the stack correction factor (SCF) by dividing the value in Blank 1 by

the value in Blank 2.  Record the result in Blank 3.

Page 3

Record the source-cited Stack Correction Factor (SCF) in Blank 4.

Obtain the reference zero and span calibration values. Record these values in Blank 5 and

Blank 6, respectively.

Obtain the stack exit inside diameter (in feet) and the stack inside diameter at the monitor

location (in feet). Record these values in Blanks 1 and 2 of the Monitoring Solutions, Inc.

D-R 290 Performance Audit Data Sheet.

Effluent handling system dimensions may be acquired from the following

sources listed in descending order of reliability: 1) physical measurements, 2)

construction drawings, 3) opacity monitor installation/certification documents,

and 4) source personnel recollections.

The reference zero and span calibration values may not be the same as the

values recorded during instrument installation and/or certification. The zero

and span values recorded in Blank 5 and Blank 6 should be the reference

values recorded during the most recent clear-path calibration of the CEMS.

Opacity Performance Audit                                                         Monitoring Solutions, Inc.

stack exit opacity (%)

stack exit inside diameter (in)

stack correction factor

the stack inside diameter (or the duct width) at 

the monitor location (in).

Calculation of "Stack Correction Factor"

1 − (1 −
𝑂𝑝𝑎𝑐𝑖𝑡𝑦

100
)𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟



2.

Note:

3.

a.

b.

4.

a.

Note:

b.

Note:

c.

(Continued on next page)

Error Checks

Page 4

Instrument Range Check

The opacity monitor will automatically cycle through the internal zero (zero

point check), external zero (window check), span and stack taper ratio modes.

Approximately 6 minutes for a complete cycle.

Opacity Performance Audit                                                         Monitoring Solutions, Inc.

Reference Signal, Zero and Span Checks

Error code 100 = Transceiver blower fault

Error code 200 = Transceiver filter plugged

Error code 300 = Reflector blower fault

Error code 400 = Reflector filter plugged

Initiate the calibration cycle by pressing the arrow and plus buttons simultaneously and

holding for approximately 5 seconds.

The following steps describe the error codes for the Monitoring Solutions, Inc. D-R 290

remote control unit. The audit can continue with the error codes shown below being

present, provided the source has been informed of the fault conditions. All other error

codes must be corrected prior to audit.

If a fault is active, an error code will be displayed on the stack mounted display

and on the remote display. An explanation of the error codes can be found in

the manual.

Check the COMS measurement range by pressing the MOD button (the LED on the

button will light up) and using the PLUS button to cycle through the displays.

Record the instrument range in Blank 11.

Record the milliamp value shown for the internal zero (zero point check) displayed on the

control panel display in Blank 12.

The internal zero checks the instrument reference signal (Zero Point Check).

Since the instrument provides a full scale output of 4 to 20 milliamps, a value

of 4 milliamps displayed on the control unit display represents a zero condition.

After 1 ½ minutes in the internal zero mode, the monitor will automatically

switch to the external zero mode (Window Check).

Record the milliamp value shown for the external zero (window check) displayed on the

control panel in Blank 13. Also record the external zero value (in percent opacity)

displayed on the opacity data recorder in Blank 14.



Note:

d.

Note:

5.

a.

b.

c.

6.

a.

b.

c.

Transceiver Dust Accumulation Check.

Record in Blank 15 the span value (in milliamps) displayed on the control panel display.

Also record the span value (in percent opacity) displayed on the data recorder in Blank

16.  Go to the Transmissometer location.

Record the post-cleaning effluent opacity in Blank 18.  Go to the transceiver location.

Reflector Dust Accumulation Check.

Page 5

Opacity Performance Audit                                                         Monitoring Solutions, Inc.

During the zero calibration check, the zero mirror is moved into the path of the

measurement beam by a servomotor. The zero mechanism is designed to

present the transceiver with a simulated clear-path condition. The daily zero

check does not test the actual clear-path zero, nor does it provide a check of

cross-stack parameters such as the optical alignment of the Transmissometer or

drift in the reflectance of the retro reflector. The actual clear-path zero can

only be checked during clear-stack or off-stack calibration of the CEMS. In

addition to simulating the instrument clear-path zero, the zero mechanism

allows the amount of dust on the transceiver optics (primary lens and zero

mirror) to be quantified. After 1 ½ minutes in the external zero mode, the

CEMS will automatically enter the span mode.

Record the post-cleaning effluent opacity in Blank 20.

Record the pre-cleaning effluent opacity in Blank 19.

Record the effluent opacity prior to cleaning the retroreflector optics in Blank 17.

Open the transceiver, clean the optics (primary window and zero mirror) and close the

transceiver.

Open the reflector housing, inspect and clean the retroreflector optics, and close the

housing.

During the span calibration check, a servomotor moves an internal span filter

into the path of the measurement beam while the zero mirror is in place. The

span mechanism is designed to provide an indication of the upscale accuracy of

the CEMS relative to the simulated clear-path zero. Note: The opacity monitor

display will output its stack correction factor (SCF) for 1 ½ minutes when the

span portion of the calibration cycle is completed. The CEMS automatically

returns to the measurement mode when the SCF portion of the calibration cycle

is complete.



7.

a.

b.

8.

9.

a)

b)

c)

d)

Alignment Check

Determine the monitor alignment by looking through the alignment port of the side of the

transceiver.

Observe whether the image is centered in the cross hairs and record this information (YES

or NO) in Blank 21.

The Durag 290 provides internal compensation for window contamination. This

compensation value can be determined by performing the Window Check. This

compensation cannot be disabled for testing. Remove internal compensation as follows:

Clean the transceiver window and the zero mirror lens. Verify the window check value is

at zero so no compensation is applied to the quarterly audit. Enter the Filter Audit Mode

and verify the starting Durag opacity value is zero percent. NOTE: This process must be

completed prior to the Calibration Error Check.

Record the Durag's response to the clear path zero in % opacity without any 

adjustment.

Zero Compensation Check

Page 6

Zero Alignment Error Check

The Zero Alignment Error Check is performed one time each year. This check utilizes

Durag's Clear Path Procedure. This procedure verifies the “measuring” zero point of the

unit in a known clear path setup. The Transceiver and reflector are removed from their

installation and set up on stands in a clean, dust free environment. The stands are set at

the same distance as the installation location. Without performing any adjustments, the

measuring zero is compared to the simulated zero - or - Window Check. The difference

between the measuring zero and the simulated zero, must NOT exceed 2% opacity.

Verify the Zero Compensation Check has been performed. Since the zero compensation 

function cannot be disabled for the zero alignment check, the optics must be cleaned and a 

manual calibration performed. This will set the internal compensation value to 0.0%. This 

MUST be accomplished prior to the Zero Alignment Check.

Remove the Transceiver & Reflector from its current installation and setup on 

stands at the exact distance as their original location.

Perform the Zero Compensation Check and perform a manual calibration.

Perform the following to document the "Zero Alignment Error":

Activate the simulated zero (Window Check) and record the reading 

in % opacity without any adjustment.

(continued on next page)
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e)

f)

10.

a.

b.

c.

d.

e.

f.

Note:

g.

h.

i.

j.

k.

Wait approximately three minutes or until a clear “zero” value has been recorded and

displayed on the data recorder.

The audit data should be taken from a data recording/reporting device that

presents instantaneous opacity (or opacity data with the shortest available

integration period).

The calibration error check is performed using three neutral density filters. Performing the

calibration error check on-stack using the filters determines the linearity of the instrument

response relative to the current clear-path zero setting. This calibration error check does

not determine the accuracy of the actual instrument clear-path zero or the status of any

cross-stack parameters. A true calibration check is performed by moving the on-stack

components to a location with minimal ambient opacity, making sure that the proper path

length and alignments are attained, and then placing the calibration filters in the

measurement path.

Calibration Error Check

Put the monitor in Filter Audit mode.
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Remove the filters from their protective covers, inspect and if necessary, clean them.

Insert the low range neutral density filter into the filter audit slot located in front of the

heated lens.

Wait approximately three minutes or until a clear value has been recorded and displayed

on the data recorder.

Wait approximately three minutes and record the COMS response to the mid range

neutral density filter.

Page 7

(continued on next page)

The response difference between these two readings are recorded as 

the “zero alignment error”. The maximum allowable zero alignment 

error is 2%.

Adjust the simulated zero (window check) to read the same value in 

% opacity as the clear path zero.

Wait approximately three minutes and record the COMS response to the high range

neutral density filter.

Record the COMS response to the low range neutral density filter.

Record the audit filter serial numbers and opacity values in Blanks 22, 23, and 24.

Remove the low range filter and insert the mid range neutral density filter.

Remove the mid range filter and insert the high range filter.



l.

m.

n.

o.

p.

Note:

q.

11.

a.

b.

C.

* If applicable, wait approximately three minutes, and record the zero value.

Remove the high range filter.

Record the six-minute integrated data.

Error codes / fault analysis

Error codes are typically associated with parameters that the monitor manufacturer feels

are critical to COMS function, and to the collection of valid opacity data. The parameters

associated with each of the error codes are found in the manufacturer’s manual. With the

exception of alarms that warn of elevated opacity levels (alarm or warning lamps), the

error codes indicate that the COMS is not functioning properly. An error or failure

indication will be represented by a “YES” in Blanks 7 - 10.

In order to acquire valid six-minute averaged opacity data, each filter must

remain in for at least two consecutive six-minute periods; the first period will

be invalid because it was in progress when the filter was inserted. A waiting

period of 13 minutes is recommended. You should have a “starting zero”

reading and an “ending zero” reading.

When the calibration error check is complete, return the monitor to measuring mode.

Close the transceiver head and the weather cover, and return to the COMS control unit.
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(continued on next page)

Repeat steps (e) through (m) until a minimum of three opacity readings are obtained for

each neutral density filter.

If six-minute integrated opacity data is required, repeat steps (e) through (m) once more,

changing the waiting periods to 13 minutes.

Page 8

Transcribe the calibration error response from the data recorder to Blanks 25 through 50

of the audit form and complete the audit data calculations.

Test Conclusion

Interpretation of Audit Results

This section is designed to help the auditor interpret the D-R 290 performance audit

results.

Obtain a copy of the audit data from the data recorder.



Note:

(continued on next page)

The D-R 290 internal zero or “zero point check” (Blank 12 should be set to indicate 0%

opacity (equivalent to 3.7 - 4.3 mA). An external zero error or “window check” (Blank

53) greater than 4% opacity is usually due to excessive dust accumulation on the optical

surfaces, electronic drift or an electronic/mechanical offset of the data recorder.

Excessive dust on the optical surfaces sufficient to cause a significant zero error would be

indicated by the difference in the internal and external zero values and/or window alarm.

Instrument span error (Blank 55) may be caused by the same problem(s) that cause zero

errors and may be identified in a similar fashion. 

Zero and Span Checks

If the zero and span errors are due to a data recorder offset, both errors will be in

the same direction and will be of the same magnitude

Page 9
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The path length correction error in Blank 51 should be within +2%. This error

exponentially affects the opacity readings, resulting in over - or - underestimation of the

stack exit opacity. The most common error in computing the optical path length

correction factor is the use of the flange-to-flange distance in place of the stack/duct

inside diameter at the monitor location. This error will result in underestimation of the

stack exit opacity and can be identified by comparing the monitor optical path length to

the flange-to-flange distance; the flange-to-flange distance should be greater by

approximately two to four feet

Stack Exit Correlation Error Check

Panel Meter span error in % opacity =

(((Blank 15 - 4) ÷ 16) × Blank 11) - Blank 6

Control Panel Meter Error (Optional)

The accuracy of the control panel meter (AW) is important at sources using the

meter during monitor adjustment and calibration. The accuracy of the control

panel meter (Blank 52 and Blank 54) is determined by comparing the zero and

span reference values to the panel meter output recorded during the COMS

calibration check.

Some installations utilize a different “Instrument Range Setting” than

the normal 100% range. The panel meter span error must be corrected

for the different range in order to provide an accurate error result. Use

the following equation to calculate the span error corrected for

“Instrument Range” (Blank 11):



The external zero displayed on the control unit panel meter (AW) also indicates the level

of dust accumulation on the zero retroreflector and transceiver measurement window.

The difference between the internal and external zero responses should equal the amount

of dust found on the transceiver optics (Blank 57). To convert the zero responses to a

value that represents lens dusting in percent opacity, use the following equation.

Annual Zero Alignment Error Check

Meter response in % opacity = 6.25 [(Blank 13) - (Blank 12)]

Optical Alignment Check

Zero Compensation Check
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Page 10

Optical Surface Dust Accumulation Check

(continued on next page)

The Zero Alignment Error Check is performed once each year. It verifies that the enegy

output from the simulated zero device (Window Check) is within 2% of the Clear Path

reading. The values required for this check are documented in (Blank 21b). If the

difference between the Clear Path Value and the Simulated Zero (Window Check) value

differ by more than 2%, then the COMS unit is considered Out Of Control. If the

difference is 2% or less, then the Window Check Value is adjusted to match the Clear

Path value. 

The results of the dust accumulation check (Blank 58) should not exceed 4%.  A dust 

accumulation value of more than 4% opacity indicates that the air flow of the purge 

system and/or the cleaning frequency of the optical surfaces are inadequate.  When 

determining the optical surface dust accumulation, the auditor should note whether the 

effluent opacity is relatively stable (within +2% opacity) before and after cleaning the 

optical surfaces.  If the effluent opacity is fluctuating by more that +2%, the dust 

accumulation analysis should be omitted.

When the transceiver and retroreflector are misaligned, a portion of the measurement

beam that should be returned to the measurement detector is misdirected, resulting in a

positive bias in the data reported by the COMS. One of the most common causes of

misalignment is vibration which may cause the on-stack components to shift slightly on

the instrument mounting flanges. Another common cause of misalignment is thermal

expansion and contraction of the structure on which the transmissometer is mounted. If

the COMS is being audited while the unit is off-line (cold stack), the results of the

alignment analysis may not be representative of the alignment of the instrument when the

stack or duct is at normal operating temperature. When checking the alignment, the

reflected light beam should be centered.

The Zero Compensation Check should be performed and documented as such in (Blank

21a).
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Calibration Error

Calibration error results (Blanks 68, 69 and 70) in excess of +3% are indicative of a non-

linear or miss calibrated instrument.  However, the absolute calibration accuracy of the 

monitor can be determined only when the instrument clear-path zero value is known.  If 

the zero and span data are out-of-specification, the calibration error data will often be 

biased in the direction of the zero and span errors.  Even if the zero and span data indicate 

that the COMS is calibrated properly, the monitor may still be inaccurate due to error in 

the clear-path zero adjustment.  The optimum calibration procedure involves using neutral 

density filters during clear-stack or off-stack COMS calibration.  This procedure would 

establish both the absolute calibration accuracy and linearity of the COMS.  If this 

procedure is impractical, and it is reasonable to assume that the clear-path zero is set 

correctly, the monitor’s calibration can be set using either the neutral density filters or the 

internal zero and span values.
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Appendix A

COMS Audit Data Forms for the Durag Model D-R 290



Preliminary Data

1  Inside diameter at Stack Exit = Lx

2  Inside diameter at the Transmissometer location = Lt

3  Calculated Stack Correction Factor (SCF) = Lx/Lt

4  Source-cited Stack Correction Factor (SCF)

5  Source-cited zero automatic calibration value (% opacity) %

6  Source-cited span automatic calibration value (% opacity) %

[START AT CONTROL UNIT / DATA RECORDER LOCATION]

(If required) [INSPECT DATA RECORDING SYSTEM AND MARK WITH "OPACITY AUDIT,"

AUDITOR'S NAME, AFFILIATION, DATE, SOURCE, PROCESS UNIT/STACK

IDENTIFICATION, AND THE TIME OF DAY.]

%

[Go to reflector location.]

Span Check

15  Opacity Display - Span calibration value in "milliamps" (Span Check) 10.40 mA

16  Opacity data recorder span calibration value in "% Op" (Span Check) 40.00 %

14  Opacity data recorder zero calibration value in "% Op" (Window Check) 0.00 mA

[Wait 1½ minutes for automatic change to span mode.]

NO

8  Filter [Air filter restriction - Error 200, 400] NO

mA

[Wait for 1½ minutes for automatic change to external zero mode.]

13  Opacity Display - Zero calibration value in "milliamps" (Window Check) 4.00 mA

11  Instrument range setting 100

Zero Check

12  Opacity Display - Internal zero value in "milliamps" (Zero Point Check) 4.00

AUDIT DATA SHEET

MONITORING SOLUTIONS DURAG D-R 290 COMS

Page 1 of 57/28/2020 Primary Energy Stack 201E. Chicago, IN

1248342

1248145

1248283

1.000

0.00

40.00

Date: 7/28/2020

inches

inches

216.000

216.000

1.000

9  Window [Excessive dirt on transceiver window - Error 001] NO

Company:

Unit ID:

Auditor:

Attendees:

Primary Energy

Stack 201

Dan Bowles

N/A

City, ST: E. Chicago, IN

Representing:

Representing:

Monitoring Solutions

COMS Flange to Flange distance (Feet / Inches): 226.125"

Transceiver serial number:

Reflector serial number:

Remote serial number

10  Fault [Additional CEMS fault has occurred.  Note fault code 

on Opacity display and consult the instrument manual.]

NO

Instrument Range Check

Error codes / faults YES - or - NO

7  Blower [Loss of purge air from blower  - Error 100, 300]



%

%

19 %

20 %

21

21a Did you comply with the Zero Compensation Check?

21b Did you comply with the Annual Zero Alignment Error Check?

Zero Alignment Error Check results (if applicable):

Clear Path Value % = Window Check Value % = 

[Record audit filter data.]

%

%

%

[Read and transcribe final calibration error data from the opacity data recorder on the next page]

[Remove the audit filters from the protective covers, inspect, and clean each filter]

[Set the unit up to display the initial zero. Wait 3 minutes to allow opacity data recorder to record initial zero]

[Insert a filter, wait approximately 3 minutes, and record the opacity value reported by the opacity data recorder.  

Repeat the process 5 times for each filter.]

23  MID YX58 24.30 24.30

24  HIGH ZQ15 43.20 43.20

22  LOW YL05 17.40 17.40

Annual Zero Alignment Error Check

YES - or - NO

NO

Zero Alignment 

Error % =N/A N/A N/A

Filter Serial NO. % Opacity SCF%

2.9

Optical Alignment Check

[LOOK THROUGH ALIGNMENT SIGHT AND DETERMINE IF BEAM IMAGE IS CENTERED.]

Is the image centered?

YES - or - NO

YES

Zero Compensation Check

YES - or - NO

YES

AUDIT DATA SHEET

MONITORING SOLUTIONS DURAG D-R 290 COMS

Page 2 of 57/28/2020 Primary Energy E. Chicago, IN Stack 201

Reflector Dust Accumulation Check

17  Pre-cleaning effluent opacity (% Op) 3.6

[Inspect and clean optical surface.]

18  Post-cleaning effluent opacity (% Op) 3.5

[Go to transceiver location.]

Transceiver Dust Accumulation Check and Zero Compensation Check

Pre-cleaning effluent opacity (% Op) 3.5

[Inspect and clean optical window and zero mirror.]

Post-cleaning effluent opacity (% Op)



[Six-minute average data, if applicable.]

46

Reserved Area

51

52 %

53 Opacity Data Recorder Blank 14      -       Blank 5 = 0.00

Zero Error (% Op.):
4.00 0.00

Opacity Display 6.25 * (Blank 13 - 4.0) - Blank 5 = 0.00

0.00 0.00

50 0.00

Calculation of Audit Results

Stack Correction Factor correlation error (%):
1.000 1.000

= 0.00

1.000

0.00 47 17.60 48 24.30 49 42.90

(If Required)

ZERO LOW MID HIGH ZERO

N/A

42 17.50 43 24.30 44 42.80 45 0.00

38 17.50 39 24.20 40 42.80 41

N/A

34 17.50 35 24.30 36 42.80 37 N/A

30 17.50 31 24.30 32 42.80 33

26 17.50 27 24.30 28 42.80 29 N/A

25 ZERO 0.00

(If Required)

LOW MID HIGH ZERO

AUDIT DATA SHEET
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[
𝐵𝑙𝑎𝑛𝑘 4 −𝐵𝑙𝑎𝑛𝑘 3

𝐵𝑙𝑎𝑛𝑘 3
] x 100



54 %

55

56 %

57 %

58 %

59

%

60
%

61
%

AUDIT DATA SHEET

MONITORING SOLUTIONS DURAG D-R 290 COMS
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Span Error (% Op.):

10.40 100 40.00

Opacity Display (((Blank 15 - 4.0) ÷ 16) × Blank 11) - Blank 6

3.6 3.5

Retroreflector Blank 17      -      Blank 18 = 0.10

3.5 2.9

Optical Surface Dust Accumulation (% OP):

= 0.00

40 40

Opacity Data Recorder Blank 16       -      Blank 6 = 0.00

Transceiver Blank 19     -      Blank 20 = 0.60

0.1 0.6

Total Blank 56     +      Blank 57 = 0.70

Optical Path Length Correction (SCF)

Audit Filters Corrected for Path Length:

LOW: 17.40 1.000

= 43.20

= 17.40

MID: 24.30 1.000

= 24.30

HIGH 43.20 1.000

1 − (1 − (
𝐵𝑙𝑎𝑛𝑘 22

100
)𝐵𝑙𝑎𝑛𝑘 4) x  100

1 − (1 − (
𝐵𝑙𝑎𝑛𝑘 23

100
)𝐵𝑙𝑎𝑛𝑘 4) x  100

1 − (1 − (
𝐵𝑙𝑎𝑛𝑘 24

100
)𝐵𝑙𝑎𝑛𝑘 4) x  100



Zero Compensation Check

AUDIT DATA SHEET

MONITORING SOLUTIONS DURAG D-R 290 COMS
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Auditor: Dan Bowles Date: 07/28/20

Source: Primary Energy Unit: Stack 201

PARAMETER Blank No. Audit Results Specifications

Error Codes/Faults 

Blower failure 7 NO NO

Filter Blockage 8 NO NO

Window 9 NO NO

Fault 10 NO NO

SCF Correlation Error 51 0.00 +/- 2% Op

Internal Zero Error
Display 52 0.00 +/- 4% Op

Data 53 0.00 +/- 4% Op

Internal Span Error
Display 54 0.00 +/- 4% Op

Data 55 0.00 +/- 4% Op

Optical Alignment Analysis 21 YES YES = Centered

21a YES YES = Complied With

Zero Alignment Error 21b N/A ≤ 2% Op

Optical Surface Dust Accumulation

Retroreflector 56 0.10 ≤ 2% Op

Transceiver 57 0.60 ≤ 2% Op

Total 58 0.70 ≤ 4% Op

Calibration Error Analysis

Arithmetic Mean Difference

LOW
62 0.10

71a 0.20

MID
63 -0.02

72a 0.00

HIGH
64 -0.40

73a -0.30

Confidence Coeffecient

65 0.00

66 0.06

67 0.00

Calibration Error

68 0.10 ≤ 3% Op

Revision: March, 2016

69 0.08 ≤ 3% Op
70 0.40 ≤ 3% Op



 

Stack 201 7/28/2020

LOW

FILTER

RUN
 (Xi) Xi^2

1 17.50 0.10 0.0100

2 17.50 0.10 0.0100

3 17.50 0.10 0.0100

4 17.50 0.10 0.0100

5 17.50 0.10 0.0100

n = 5

t(0.975) = 

Mean Ref. Method Value 17.4000 RM

Sum of Differences 0.5000 Xi

Arithmetic Mean Difference 0.1000 Xi ave

Sum of Differences Squared 0.0500 Xi^2

Standard Deviation 0.0000 sd

2.5% Error Conf.Coef 0.0000 CC

Calibration Error 0.1000 percent

 

2.776

RM

17.40

17.40

17.40

17.40

17.40

      OPACITY LOW FILTER AUDIT

     Accuracy Determination

(FILTER-MONITOR) 

Difference
Difference^2

Primary Energy E. Chicago, IN

Opacity Output from 

Recording Device

Audit Filter Value Corrected for 

Path Length (SCF)



 

Stack 201 7/28/2020

MID

FILTER

RUN
 (Xi) Xi^2

1 24.30 0.00 0.0000

2 24.30 0.00 0.0000

3 24.30 0.00 0.0000

4 24.20 -0.10 0.0100

5 24.30 0.00 0.0000

n = 5

t(0.975) = 

Mean Ref. Method Value 24.3000 RM

Sum of Differences -0.1000 Xi

Arithmetic Mean Difference -0.0200 Xi ave

Sum of Differences Squared 0.0100 Xi^2

Standard Deviation 0.0447 sd

2.5% Error Conf.Coef 0.0555 CC

Calibration Error 0.0755 percent

 

2.776

RM

24.30

24.30

24.30

24.30

24.30

      OPACITY MID FILTER AUDIT

     Accuracy Determination

Primary Energy E. Chicago, IN

Opacity Output from 

Recording Device

Audit Filter Value Corrected for 

Path Length (SCF)

(FILTER-MONITOR) 

Difference
Difference^2
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HIGH

FILTER

RUN
 (Xi) Xi^2

1 42.80 -0.40 0.1600

2 42.80 -0.40 0.1600

3 42.80 -0.40 0.1600

4 42.80 -0.40 0.1600

5 42.80 -0.40 0.1600

n = 5

t(0.975) = 

Mean Ref. Method Value 43.2000 RM

Sum of Differences -2.0000 Xi

Arithmetic Mean Difference -0.4000 Xi ave

Sum of Differences Squared 0.8000 Xi^2

Standard Deviation 0.0000 sd

2.5% Error Conf.Coef 0.0000 CC

Calibration Error 0.4000 percent

 

2.776

RM

43.20

43.20

43.20

43.20

43.20

      OPACITY HIGH FILTER AUDIT

     Accuracy Determination

Primary Energy E. Chicago, IN

Opacity Output from 

Recording Device

Audit Filter Value Corrected for 

Path Length (SCF)

(FILTER-MONITOR) 

Difference
Difference^2



OPACITY, %07/28/2020
08:55

MOS0.008:55:01

MOS0.008:55:03

MOS0.008:55:05

MOS0.008:55:07

MOS0.008:55:09

MOS0.008:55:11

MOS0.008:55:13

MOS0.008:55:15

MOS0.008:55:17

MOS0.008:55:19

MOS0.008:55:22

MOS0.008:55:24

MOS0.008:55:26

MOS0.008:55:28

MOS0.008:55:30

MOS0.008:55:32

MOS0.008:55:34

MOS0.008:55:36

MOS0.008:55:38

MOS0.008:55:40

MOS0.008:55:42

MOS0.008:55:44

MOS0.008:55:46

MOS0.008:55:48

MOS0.008:55:50

MOS2.008:55:52

MOS6.408:55:54

MOS11.808:55:56

MOS15.208:55:58

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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OPACITY, %07/28/2020
08:56

MOS17.508:56:00

MOS17.508:56:02

MOS17.508:56:04

MOS17.508:56:06

MOS17.508:56:08

MOS17.508:56:10

MOS17.508:56:12

MOS17.508:56:14

MOS17.508:56:16

MOS17.508:56:18

MOS17.508:56:20

MOS17.508:56:22

MOS17.508:56:24

MOS17.508:56:26

MOS17.508:56:28

MOS17.008:56:30

MOS14.108:56:32

MOS15.508:56:34

MOS17.108:56:36

MOS19.608:56:38

MOS24.308:56:40

MOS24.308:56:42

MOS24.308:56:44

MOS24.308:56:46

MOS24.308:56:48

MOS24.308:56:50

MOS24.308:56:52

MOS24.208:56:54

MOS24.208:56:56

MOS24.208:56:58

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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Highlight

DBowles
Highlight
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Highlight



OPACITY, %07/28/2020
08:57

MOS24.208:57:00

MOS24.308:57:02

MOS24.308:57:04

MOS24.208:57:06

MOS22.408:57:08

MOS27.108:57:10

MOS31.708:57:12

MOS36.308:57:14

MOS42.808:57:16

MOS42.808:57:18

MOS42.808:57:20

MOS42.808:57:22

MOS42.808:57:24

MOS42.808:57:26

MOS42.808:57:28

MOS42.808:57:30

MOS42.808:57:32

MOS42.808:57:34

MOS42.808:57:36

MOS42.808:57:38

MOS34.308:57:40

MOS26.608:57:42

MOS20.908:57:44

MOS14.608:57:46

MOS15.108:57:48

MOS17.508:57:50

MOS17.508:57:52

MOS17.508:57:54

MOS17.508:57:56

MOS17.508:57:58

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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OPACITY, %07/28/2020
08:58

MOS17.508:58:00

MOS17.508:58:03

MOS17.508:58:05

MOS17.508:58:07

MOS17.508:58:09

MOS13.308:58:11

MOS14.808:58:13

MOS16.508:58:15

MOS18.208:58:17

MOS24.108:58:19

MOS24.308:58:21

MOS24.308:58:23

MOS24.208:58:25

MOS24.208:58:27

MOS24.208:58:29

MOS24.208:58:31

MOS24.208:58:33

MOS24.308:58:35

MOS22.208:58:37

MOS16.108:58:39

MOS20.608:58:41

MOS25.208:58:43

MOS34.508:58:45

MOS42.808:58:47

MOS42.808:58:49

MOS42.808:58:51

MOS42.808:58:53

MOS42.808:58:55

MOS42.808:58:57

MOS42.808:58:59

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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OPACITY, %07/28/2020
08:59

MOS42.808:59:01

MOS42.808:59:03

MOS42.808:59:05

MOS42.808:59:07

MOS42.808:59:09

MOS42.808:59:11

MOS40.308:59:13

MOS31.808:59:15

MOS25.408:59:17

MOS19.108:59:19

MOS15.308:59:21

MOS17.508:59:23

MOS17.508:59:25

MOS17.508:59:27

MOS17.508:59:29

MOS17.508:59:31

MOS17.508:59:33

MOS17.508:59:35

MOS17.508:59:37

MOS17.508:59:39

MOS17.508:59:41

MOS17.508:59:43

MOS17.508:59:45

MOS17.408:59:47

MOS14.508:59:49

MOS16.208:59:51

MOS17.908:59:53

MOS21.208:59:55

MOS24.208:59:57

MOS24.208:59:59

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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OPACITY, %07/28/2020
09:00

MOS24.209:00:01

MOS24.309:00:03

MOS24.309:00:05

MOS24.309:00:07

MOS24.309:00:09

MOS24.209:00:11

MOS24.209:00:13

MOS24.209:00:15

MOS24.209:00:17

MOS22.809:00:19

MOS19.209:00:21

MOS23.809:00:23

MOS29.609:00:25

MOS37.209:00:27

MOS42.809:00:29

MOS42.809:00:31

MOS42.809:00:33

MOS42.809:00:35

MOS42.809:00:37

MOS42.809:00:39

MOS42.709:00:41

MOS34.809:00:43

MOS24.009:00:46

MOS17.309:00:48

MOS10.909:00:50

MOS12.609:00:52

MOS17.009:00:54

MOS17.409:00:56

MOS17.509:00:58

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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OPACITY, %07/28/2020
09:01

MOS17.509:01:00

MOS17.509:01:02

MOS17.509:01:04

MOS17.509:01:06

MOS17.509:01:08

MOS17.509:01:10

MOS17.509:01:12

MOS15.109:01:14

MOS15.209:01:16

MOS16.909:01:18

MOS18.609:01:20

MOS24.209:01:22

MOS24.209:01:24

MOS24.209:01:26

MOS24.209:01:28

MOS24.209:01:30

MOS24.209:01:32

MOS24.209:01:34

MOS22.809:01:36

MOS21.609:01:38

MOS26.209:01:40

MOS30.909:01:42

MOS36.909:01:44

MOS42.709:01:46

MOS42.809:01:48

MOS42.809:01:50

MOS42.809:01:52

MOS42.809:01:54

MOS42.809:01:56

MOS42.809:01:58

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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OPACITY, %07/28/2020
09:02

MOS42.709:02:00

MOS42.709:02:02

MOS40.209:02:04

MOS31.409:02:06

MOS25.109:02:08

MOS18.709:02:10

MOS14.909:02:12

MOS17.509:02:14

MOS17.509:02:16

MOS17.509:02:18

MOS17.509:02:20

MOS17.509:02:22

MOS17.509:02:24

MOS17.509:02:26

MOS15.309:02:28

MOS16.309:02:30

MOS18.409:02:32

MOS20.109:02:34

MOS23.809:02:36

MOS24.209:02:38

MOS24.209:02:40

MOS24.209:02:42

MOS24.209:02:44

MOS24.209:02:46

MOS24.209:02:48

MOS24.209:02:50

MOS24.309:02:52

MOS20.709:02:54

MOS23.209:02:56

MOS27.809:02:58

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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OPACITY, %07/28/2020
09:03

MOS33.609:03:00

MOS42.609:03:02

MOS42.809:03:04

MOS42.809:03:06

MOS42.809:03:08

MOS42.809:03:10

MOS42.809:03:12

MOS42.809:03:14

MOS42.809:03:16

MOS42.709:03:18

MOS33.809:03:20

MOS27.509:03:22

MOS21.109:03:24

MOS14.909:03:27

MOS17.509:03:29

MOS17.509:03:31

MOS17.509:03:33

MOS17.509:03:35

MOS17.509:03:37

MOS17.509:03:39

MOS16.609:03:41

MOS15.109:03:43

MOS17.009:03:45

MOS18.509:03:47

MOS21.109:03:49

MOS24.209:03:51

MOS24.209:03:53

MOS24.209:03:55

MOS24.209:03:57

MOS24.209:03:59

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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OPACITY, %07/28/2020
09:04

MOS20.709:04:01

MOS25.009:04:03

MOS28.809:04:05

MOS33.409:04:07

MOS42.509:04:09

MOS42.809:04:11

MOS42.809:04:13

MOS42.809:04:15

MOS42.809:04:17

MOS40.209:04:19

MOS29.909:04:21

MOS21.409:04:23

MOS10.709:04:25

MOS0.009:04:27

MOS0.009:04:29

MOS0.009:04:31

MOS0.009:04:33

MOS0.009:04:35

MOS0.009:04:37

MOS0.009:04:39

MOS0.009:04:41

MOS0.009:04:43

MOS0.009:04:45

MOS0.009:04:47

MOS0.009:04:49

MOS0.009:04:51

MOS0.009:04:53

MOS0.009:04:55

MOS0.009:04:57

MOS0.009:04:59

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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OPACITY, %07/28/2020
09:05

MOS0.009:05:01

MOS0.009:05:03

MOS0.009:05:05

MOS0.009:05:07

MOS0.009:05:09

MOS0.009:05:11

MOS0.009:05:13

MOS0.009:05:15

MOS0.009:05:17

MOS0.009:05:19

MOS0.009:05:21

MOS0.009:05:23

MOS0.009:05:25

MOS0.009:05:27

MOS0.009:05:29

MOS0.009:05:31

MOS0.009:05:33

MOS0.009:05:35

MOS0.009:05:37

MOS0.009:05:39

Status Code Definitions

MOS = MONITOR OUT OF SERVICE
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Stack 201 7/28/2020

6

Minute

Averages

 (Xi)  

ZERO 0.00 0.00 0.00

LOW 17.60 0.20 0.20

MID 24.30 0.00 0.00

HIGH 42.90 -0.30 0.30

ZERO 0.00 0.00 0.00

RM

0.00

43.20

24.30

0.00

17.40

OPACITY FILTER AUDIT

Accuracy Determination

* 6-minute Averages *

(FILTER-MONITOR) 

Difference
Opacity Error

Primary Energy E. Chicago, IN

Opacity Output from 

Recording Device

Audit Filter Value Corrected for 

Path Length (SCF)



Opac, %
Minutes
 54  -  59

Opac, %
Minutes
 48  -  53

Opac, %
Minutes
 42  -  47

Opac, %
Minutes
 36  -  41

Opac, %
Minutes
 30  -  35

Opac, %
Minutes
 24  -  29

Opac, %
Minutes
 18  -  23

Opac, %
Minutes
 12  -  17

Opac, %
Minutes
 6  -  11

Opac, %
Minutes
 0  -  5Hour

2.3  SVC2.2  SVC2.3  SVC2.3  SVC2.3  SVC2.3  SVC2.2  SVC2.2  SVC2.4  SVC2.2  SVC0

2.1  SVC2.2  SVC2.2  SVC2.1  SVC2.2  SVC2.1  SVC2.2  SVC2.2  SVC2.1  SVC2.2  SVC1

2.3  SVC2.2  SVC2.2  SVC2.3  SVC2.2  SVC2.2  SVC2.1  SVC2.2  SVC2.3  SVC2.1  SVC2

2.2  SVC2.4  SVC2.2  SVC2.2  SVC2.2  SVC2.2  SVC2.2  SVC2.3  SVC2.2  SVC2.3  SVC3

2.2  NSA2.2  SVC2.2  SVC2.4  SVC2.3  SVC2.3  SVC2.3  SVC2.3  SVC2.3  SVC2.3  SVC4

2.3  SVC2.5  SVC2.3  SVC2.2  SVC2.3  SVC2.3  SVC2.2  SVC2.2  SVC2.2  SVC2.2  SVC5

2.2  SVC2.2  SVC2.2  SVC2.2  SVC2.2  SVC2.3  SVC2.2  SVC2.3  SVC2.3  SVC2.2  SVC6

2.2  SVC2.2  SVC2.2  SVC2.2  SVC2.2  SVC2.2  SVC2.3  SVC2.2  SVC2.2  SVC2.2  SVC7

17.0  MOS0.9  MOS2.3  MOS2.3  MOS2.4  MOS2.2  MOS2.3  SVC2.2  SVC2.2  SVC2.2  SVC8

42.9  MOS37.6  MOS24.3  MOS23.7  MOS17.6  MOS17.6  MOS3.4  MOS0.0  MOS0.0  MOS20.0  MOS9

1.9  SVC1.9  SVC2.0  MOS0.4  MOS0.0  MOS21.5  MOS10

MOS = MONITOR OUT OF SERVICE NSA = NO SAMPLE AVAILABLE SVC = MONITOR IN SERVICE

Status Code Definitions

The average opacity period average for the day was 2.2 % for 85 periods of valid data.

The Fan was in operation for 106 periods

The maximum opacity period average for the day was 2.5 %

There were 21 periods of invalid data
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ATTACHMENT 3 
2020 Relative Accuracy Test Audit Report 











 

 
TRC Environmental Corporation 
7521 Brush Hill Road 
Burr Ridge, Illinois 60527 
USA 

T  
F 

312‐533‐2042 
312‐533‐2070   

 

CONTINUOUS EMISSIONS MONITORING SYSTEM  
RELATIVE ACCURACY DETERMINATION 
 
 
 
Performed At 

Primary Energy 
Cokenergy Facility 
HRCC Stack 201 
East Chicago, Indiana 
 
Test Date 

May 12, 2020 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Report No. 

TRC Environmental Corporation Report 382355 
 
 
Report Submittal Date 
June 24, 2020 

 
 



Report Certification 

I certify that to the best of my knowledge: 

o Testing data and all corresponding information have been checked for
accuracy and completeness.

o Sampling and analysis have been conducted in accordance with the approved
protocol and applicable reference methods (as applicable).

o All deviations, method modifications, or sampling and analytical anomalies
are summarized in the appropriate report narrative(s).

Gavin Lewis 
Project Manager 

June 24, 2020 
Date  
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CONTINUOUS EMISSIONS MONITORING SYSTEM  
RELATIVE ACCURACY DETERMINATION  

 
 

1.0 INTRODUCTION 

TRC  Environmental  Corporation  (TRC)  performed  a  continuous  emissions monitoring 
system (CEMS) relative accuracy test on May 12, 2020 at the Cokenergy Facility of Primary 
Energy in East Chicago, Indiana.  The tests were authorized by and performed for Primary 
Energy.  
 
The purpose of this test program was to evaluate the relative accuracy (RA) of the sulfur 
dioxide (SO2) CEMS on HRCC Stack 201 during specified operating conditions.   The test 
program  was  conducted  according  to  the  Indiana  Department  of  Environmental 
Management  (IDEM) Relative Accuracy Test Audit Notification Protocol dated April 3, 
2020.  
 
 
1.1 Project Contact Information 
 
Participants 

Test Facility  Primary Energy 
Cokenergy Facility 
East Chicago, Indiana 

Mr. Luke Ford 
Director EH&S 
219‐397‐4626 (phone) 
lford@primaryenergy.com Test Coordinator  Primary Energy 

3210 Watling Street 
East Chicago, Indiana 46312 
Permit No. T089‐36965‐00383 

Air Emissions 
Testing Body 
(AETB) 

TRC Environmental Corporation 
7521 Brush Hill Road 
Burr Ridge, Illinois 60527 

Mr. Gavin Lewis 
Project Manager 
312‐533‐2025 (phone) 
312‐533‐2070 (fax)  
glewis@trccompanies.com 

 
Rome  Rothgeb,  Ryan  Novosel  and  Gavin  Lewis  of  TRC  conducted  the  testing.  
Documentation of the on‐site ASTM D7036‐04 Qualified Individual(s) (QI) can be located 
in the appendix to this report. 
 
No personnel from the IDEM observed the testing. 
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2.0 SUMMARY OF RESULTS 

The relative accuracies of the CEMS are as follows: 
 

Load  Parameter  Units 

Performance Specifications (40CFR60)  CEMS Performance 

Specification 
No.  Acceptance Criteria 

Relative 
Accuracy 

> 50%  SO2  lb/hr  2  RA  20% of the  
Reference Method  9.55 % 

 
 

3.0 DISCUSSION OF RESULTS 

The complete test results from this program are tabulated in Section 6.0.  
 
The data acquisition and handling system (DAHS) computer printout for the same time 
periods as the RM testing was used to determine the relative accuracy.  The watches of 
the test crew were synchronized with the CEMS prior to testing. 
 
No problems were encountered with the testing equipment during the course of the test 
program.    Source  operation  appeared  normal  during  the  entire  test  program  and 
operated at more than 50 percent of  full  load.   The CEMS operation appeared normal 
with no apparent problems during sampling.  No changes or problems were encountered 
that required modification of any procedures presented in the test plan.  No adverse test 
or environmental conditions were encountered during the conduct of this test program.  
CEMS operating data was recorded by plant personnel and appended to the report. 
 
 

4.0 TEST PROCEDURES 

All  testing, sampling, analytical, and calibration procedures used  for  this  test program 
were performed  in accordance with  the methods presented  in  the  following  sections.  
Where  applicable,  the  Quality  Assurance  Handbook  for  Air  Pollution  Measurement 
Systems,  Volume  III,  Stationary  Source  Specific  Methods,  USEPA  600/R‐94/038c, 
September 1994 was used to supplement procedures. 
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4.1 Determination of Sample Point Locations by USEPA Method 1 
This method is applicable to gas streams flowing in ducts, stacks, and flues and is designed 
to aid in the representative measurement of pollutant emissions and/or total volumetric 
flow rates from stationary sources. In order to qualify as an acceptable sample location, 
it  must  be  located  at  a  position  at  least  two  stack  or  duct  equivalent  diameters 
downstream and a half equivalent diameter upstream from any flow disturbance. 
 
The cross‐section of the measurement site was divided into a number of equal areas, and 
the traverse points were then located in the center of these areas. The minimum number 
of points were determined from Figure 1‐2 (non‐particulate) of USEPA Method 1. 
 
 
4.2 Volumetric Flow Rate Determination by USEPA Method 2 
This  method  is  applicable  for  the  determination  of  the  average  velocity  and  the 
volumetric flow rate of a gas stream. 
 
The gas velocity head (P) and temperature were measured at traverse points defined by 
USEPA Method 1.  The velocity head was measured with a Type S (Stausscheibe or reverse 
type) pitot tube and oil‐filled manometer; and the gas temperature was measured with a 
Type K thermocouple.  The average gas velocity in the flue was calculated based on:  the 
gas density (as determined by USEPA Methods 3 and 4); the flue gas pressure; the average 
of the square roots of the velocity heads at each traverse point, and the average flue gas 
temperature. 
 
 
4.3 Determination of the Concentration of Gaseous Pollutants Using a Multi‐Pollutant 
Sampling System 
Concentrations of the pollutants in the following sub‐sections were determined using one 
sampling system.  The number of points at which sample was collected was determined 
in accordance with 40CFR60 specifications.   
 
A straight‐extractive sampling system was used.   Gas samples were collected for seven 
(7) minutes at each of three points  (0.4, 1.2 and 2.0 meters) along the stack diameter 
during each test run.  A data logger continuously recorded pollutant concentrations and 
generated one‐minute  averages of  those  concentrations.   All  calibrations  and  system 
checks were conducted using USEPA Protocol gases.   Three‐point  linearity checks were 
performed prior to sampling, and in the event of a failing system bias or drift test (and 
subsequent corrective action).   System bias and drift checks were performed using the 
low‐level gas and either the mid‐ or high‐level gas prior to and following each test run. 
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The Low Concentration Analyzers (those that routinely operate with a calibration span of 
less than 20 ppm) used by TRC are ambient‐level analyzers. Per Section 3.12 of Method 
7E, a Manufacturer's Stability Test is not required for ambient‐level analyzers. Analyzer 
interference tests were conducted in accordance with the regulations in effect at the time 
that TRC placed an analyzer model in service. 
 
 
4.3.1 CO2 Determination by USEPA Method 3A 
This method is applicable for the determination of carbon dioxide (CO2) concentrations in 
controlled and uncontrolled emissions from stationary sources only when specified within 
the  regulations.    The  CO2  analyzer was  equipped with  a  non‐dispersive  infrared  (IR) 
detector.   
 
 
4.3.2 O2 Determination by USEPA Method 3A 
This method  is applicable for the determination of O2 concentrations  in controlled and 
uncontrolled  emissions  from  stationary  sources  only  when  specified  within  the 
regulations.  The O2 analyzer was equipped with a paramagnetic‐based detector.   
 
 
4.3.3 SO2 Determination by USEPA Method 6C 
This method is applicable for the determination of SO2 concentrations in controlled and 
uncontrolled  emissions  from  stationary  sources  only  when  specified  within  the 
regulations.  The SO2 analyzer was equipped with an ultraviolet (UV) detector.   
 
 
4.4 Moisture Determination by USEPA Method 4 
This method is applicable for the determination of the moisture content of stack gas. 
 
A gas sample was extracted at a constant rate from the source.  Moisture was removed 
from the sample stream by a series of pre‐weighed impingers immersed in an ice bath.  A 
minimum of 21 dry standard cubic feet of flue gas was collected during each sample run. 
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5.0 QUALITY ASSURANCE PROCEDURES 

TRC integrates our Quality Management System (QMS) into every aspect of our testing 
service.   We  follow  the procedures  specified  in current published versions of  the  test 
Method(s)  referenced  in  this  report.   Any modifications  or  deviations  are  specifically 
identified in the body of the report. We routinely participate in independent, third party 
audits of our activities, and maintain:   
 

 Accreditation  from  the  Louisiana  Environmental  Laboratory  Accreditation 
Program (LELAP); 

 Accreditation  from  the  Stack  Testing  Accreditation  Council  (STAC)  and  the 
American  Association  for  Laboratory  Accreditation  (A2LA)  that  our  operations 
conform with the requirements of ASTM D 7036 as an Air Emission Testing Body 
(AETB). 

 
These accreditations demonstrate that our systems for training, equipment maintenance 
and calibration, document control and project management will fully ensure that project 
objectives are achieved  in a  timely and efficient manner with a  strict  commitment  to 
quality.   
 
All calibrations are performed  in accordance with  the  test Method(s)  identified  in  this 
report.    If  a Method  allows  for more  than  one  calibration  approach,  or  if  approved 
alternatives  are  available,  the  calibration  documentation  in  the  appendices  specifies 
which  approach was used.   All measurement devices  are  calibrated or  verified  at  set 
intervals  against  standards  traceable  to  the  National  Institute  of  Standards  and 
Technology (NIST).  NIST traceability information is available upon request.   
 
ASTM  D7036‐04  specifies  that:    “AETBs  shall  have  and  shall  apply  procedures  for 
estimating  the  uncertainty  of measurement.    Conformance with  this  section may  be 
demonstrated by the use of approved test protocols for all tests.  When such protocols are 
used, reference shall be made to published literature, when available, where estimates of 
uncertainty  for  test methods may be  found.”   TRC conforms with  this section by using 
approved test protocols for all tests. 
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6.0 TEST RESULTS SUMMARIES 
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RATA Type: Sulfur Dioxide (SO2), lb/hr

Regulation:

RM Used:

Project #:

CEM Model:

CEM Serial #:

Use?    RM CEM (RM-CEM)

1 = Y Test Start End SO2 SO2 Difference

0 = N Run Date Time Time lb/hr lb/hr  (di)

0 1 5/12/2020 7:45 8:06 1536.19 1370.3 165.9

1 2 5/12/2020 8:35 8:56 1524.49 1364.4 160.1

1 3 5/12/2020 9:15 9:36 1508.28 1371.2 137.1

1 4 5/12/2020 9:48 10:09 1522.12 1373.2 148.9

1 5 5/12/2020 10:21 10:42 1480.38 1370.4 110.0

1 6 5/12/2020 10:53 11:14 1487.07 1373.5 113.6

1 7 5/12/2020 11:25 11:46 1481.33 1366.4 114.9

1 8 5/12/2020 11:57 12:18 1400.31 1265.0 135.3

1 9 5/12/2020 12:30 12:51 1429.71 1325.5 104.2

1 10 5/12/2020 13:03 13:24 1469.00 1374.0 95.0

RM avg

CEM avg

di

d avg

di^2

sd

CC

%

124.343

142993.071

21.914

16.844

9.55

Mean Difference

Sum of Differences2

Standard Deviation

Confidence Coefficient

RA based on RM

1119.090

2.306

1478.077

1353.733

9

382355

Thermo Scientific 43i-HL

1152150034

Customer:

Unit ID:

Sample Loc:

40CFR60

Primary Energy

HRCC

Stack 201

2-4, 6C

n 

t(0.975) 

Mean RM Value

Mean CEM Value

Sum of Differences
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AETB and QI Information Summary    
       

Facility Name:   Primary Energy – Cokenergy Facility 
 

Location:   HRCC Stack 201   

Test Date:   May 12, 2020   

       

Test Parameters:  1, 2, 3A, 4, 6C 

QI Last Name:  Lewis  

QI First Name:  Gavin 

QI Middle Initial:  ‐‐‐‐ 

AETB Name:  TRC Environmental Corporation 

AETB Phone No:  312‐533‐2025 

AETB Email:  glewis@trccompanies.com 

Group 1 Exam Date:  11/07/2017 

Provider Name:  Source Evaluation Society 

Provider Email:  qstiprogram@gmail.com 

Group 3 Exam Date:  01/05/2018 

Provider Name:  Source Evaluation Society 

Provider Email:  qstiprogram@gmail.com 
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Run Test Date Start Time End Time
Main Steam 

Flow
Max Main 

Steam Flow
Tested % 

Load
[kpph] [kpph] [%]

1 5/12/2020 7:45 8:05 944 960 98%
2 5/12/2020 8:35 8:55 915 960 95%
3 5/12/2020 9:15 9:35 892 960 93%
4 5/12/2020 9:48 10:08 879 960 92%
5 5/12/2020 10:21 10:41 867 960 90%
6 5/12/2020 10:53 11:13 866 960 90%
7 5/12/2020 11:25 11:45 859 960 90%
8 5/12/2020 11:57 12:17 851 960 89%
9 5/12/2020 12:30 12:50 846 960 88%
10 5/12/2020 13:03 13:23 801 960 83%

2020 Cokenergy CEMS RATA
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Project #: Duct Diameter: 18.00 feet
Company: # of Ports Used: 4
Plant: # of Points/Diameter: 8
Unit ID: Total # of points 16
Sample Location: Sample Plane: Horizontal

Port Type: Nipple
Distance A: 73.80 Feet, 4.10 Duct diameters Port Length: 7.0 inches
Distance B: 201.00 Feet, 11.17 Duct diameters Port Inside Diameter: 6.0 inches

Point
% of 

diameter

1 3.2 6.9
2 10.5 22.7
3 19.4 41.9
4 32.3 69.8

Pre-cyclonic flow check conducted? No Reason:

13.9

Sample Location Information for Volumetric Flow Determination - Round Ducts

Meets Method 1 criteria Traverse Point Locations

Inches from wall

Inches from port 
edge

382355
Primary Energy
Cokenergy Facility
HRCC

Stack 201

29.7
48.9
76.8

Conducted Previously

© 2019 TRC Environmental Corp. 
AM-EMT-05 Rev. 6.4

Revised 04/2/19 
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Project Number: 382355 Test Date: 5/12/2020
Customer: Primary Energy Duct Shape: Round
Unit Identification: HRCC Diameter: 18 feet
Sample Location: Stack 201

Port Length: 7 inches

Is the sample location downstream of a wet scrubber, or downstream of a point where
two ducts converge? N

No stratification test is required. Can use short line points below, if D > 7.8'

Sampling line/strategy selected:

Part 60 RATA
Initial Stratification Check and Test Point Selection

Short Line (0.4, 1.2, 2.0 meters )

© 2020 TRC Environmental Corp. 
AM-EMT-74 Rev. 4
Revised 1/22/2020
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Determination of Stack Gas Velocity and Volumetric Flow Rate 
 
USEPA Promulgated Test Method 2 
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Determination of Multiple Gaseous Pollutants Using an Extractive 
Sampling Train 
 
USEPA Promulgated Methods 3A and 6C 
 
 

 
 

Gas Analyzer 
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Determination of Moisture Content in Stack Gases 
 
USEPA Promulgated Method 4 
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Test Date:

Facility:

Run #:

Cma    

Cm - C0

Where:

Cgas = Effluent gas concentration (ppm or %vol)

C = Average gas concentration indicated by analyzer (ppm or %vol)

C0 = Average of pre- and post-test system bias checks using low range gas (ppm or % vol)

Cm = Average of pre- and post-test system bias checks using upscale gas (ppm or % vol)

Cma = Actual concentration of upscale gas (ppm or % vol)

SO2 C = 182.794 ppm C0 = 5.707 ppm

    Cm  = 199.339 ppm     Cma  = 204.300 ppm

CSO2 = 186.843 ppm

CO2 C = 6.127 %vol C0 = 0.088 %vol

    Cm  = 8.812 %vol     Cma  = 8.753 %vol

CCO2 = 6.059 %vol

O2 C = 11.700 %vol C0 = 0.050 %vol

    Cm  = 10.038 %vol     Cma  = 10.030 %vol

CO2 = 11.700 %vol

Note: Interim results are not rounded.

ER = Cgas x Cf x Flow x 60

Where:

ER = Pollutant emission rate (lb/hr)

Cgas = Pollutant concentration (ppm, wet or dry basis, but the same as flow)

MW = Pollutant molecular weight (gr/gr-mole)

Flow = Volumetric flow rate (cubic feet per minute wet or dry, but the same as Cgas)

Cf = Conversion factor (ppm to lb/scf)

1.660E-07 = Conversion constant for SO2.  From Table 19-1 of Method 19, 40CFR, Appendix A

For SO2 ER = Cgas x 1.660E-07 x Flow x 60

Cgas = 186.843 ppmvd

Flow = DSCFM

ERSO2 = 1536.19 lb/hr

Note: Interim results are not rounded.

Example Calculations - Pollutant Emission Rate, Volumetric Flow Rate-Based

825,485

Project Number: 382355 May 12, 2020

Cokenergy FacilityCustomer:

Unit Identification:

(C - C0) x Cgas =

Example Calculations - Effluent Gas Concentration Determination

Primary Energy

HRCC

Stack 201

1

Sample Location:
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Test Date:

Facility:

Mean Difference:

Where:

di = Difference between RM and CEMS values for 

  run "i"

n = Number of runs used to calculate RA

Standard Deviation:

Confidence Coefficient:

Where:

t0.025 = T values as presented in 40CFR60 or 40CFR75.

For 40CFR60, use t0.975, which are the same T values.

Relative Accuracy based on RM:

Where:

RM avg = Average RM value for runs used to calculate RA

Relative Accuracy based on Applicable Standard - for Part 60 Applications Only:

Unit Identification: HRCC

Project Number: 382355 May 12, 2020

Customer: Primary Energy Cokenergy Facility

Example Calculations - Relative Accuracy (RA) and Bias

© 2020 TRC Environmental Corp. 
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Company: Project Number:
Test Date:

Plant: Run #:
Sample Location: Operating Level:

Note:  In order to duplicate these examples, results must not be rounded.

Ps = Pbar + (Pg/13.6)

Where:
  Ps =  Flue gas pressure ("Hg)

  Pbar = Ambient barometric pressure at sample elevation ("Hg)
  Pg = Flue gas gauge pressure ("H2O)

Pbar = 29.28 "Hg Pg = -2.00 "H2O

Ps = 29.13 "Hg

n

Ts = Σ Tsi

i = 1

n

Where:
Ts = Average effluent gas temperature (oF)
Tsi = Effluent gas temperature at point i (oF)
n = Total number of traverse points

Ts = 272 °F

Vm =   Vf - Vi

Where:
  Vi = Initial meter sample volume (cubic feet)
  Vf = Final meter sample volume (cubic feet)

  Vm = Sample volume collected at actual conditions (ft3, dry basis)

Vf = 107.871 cf Vi = 85.088 cf

Vm = 22.783 cubic feet

1
Mid (Normal)

Cokenergy Facility
Stack 201

Effluent Gas Pressure

Average Stack Temperature

Actual Meter Volume

Unit ID:

Example Calculations - Method 2 Volumetric Flow

382355
May 12, 2020

Primary Energy
HRCC
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Company: Project Number:
Test Date:

Plant: Run #:
Sample Location: Operating Level:

Note:  In order to duplicate these examples, results must not be rounded.

1
Mid (Normal)

Cokenergy Facility
Stack 201

Unit ID:

Example Calculations - Method 2 Volumetric Flow

382355
May 12, 2020

Primary Energy
HRCC

Standard Meter Volume

Vm(std) = Tstd/29.92 x Y x Vm x (Pbar + ΔH /13.6)/(Tm + 460)

Where:
  Vm(std) = Sample volume collected corrected to 29.92"Hg and Tstd (scf, dry basis)

  Y = Dry test meter calibration coefficient (dimensionless)
  Vm = Sample volume collected at actual conditions (ft3, dry basis)
  Tm = Average dry test meter temperature (°F)
ΔH= Pressure drop across calibrated orifice ("H2O)

  Tstd =  Standard Temperature (°R)

  Vm = 22.783 cf Pbar = 29.28 "Hg

ΔH= 1.90 "H2O Tm = 67.8 °F

Y = 0.992 dimensionless   Tstd = 528   °R

Vm(std) = 22.231 dscf

Vw(std) =  [(0.04707 x net ml H2O)  +  (0.04715  x  net grams H2O)] x  (Tstd / 528)

Where:
  Vw(std) = Sample volume collected corrected to 29.92 in. Hg and 528(°R) (ft³, dry basis)

net grams H2O = Final moisture weight - initial moisture weight

net grams H2O = 2816.0 - 2740.5

Vw(std) = 3.560 cf

Bws =

Where:
Bws = Fractional moisture content (dimensionless)

Vw(std) = 3.560 cf Vm(std) = 22.231 dscf

Bws = 0.138

Vw(std)

Vw(std)  +  Vm(std) =

Volume of Water Vapor Condensed

Moisture Content From Method 4 or Alt-008
H
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Company: Project Number:
Test Date:

Plant: Run #:
Sample Location: Operating Level:

Note:  In order to duplicate these examples, results must not be rounded.

1
Mid (Normal)

Cokenergy Facility
Stack 201

Unit ID:

Example Calculations - Method 2 Volumetric Flow

382355
May 12, 2020

Primary Energy
HRCC

  Md = 0.44 x (%CO2)  +  0.32 x (%O2)  +  0.28 x (%N2)

Where:
  Md =  Effluent gas molecular weight (lb/lb-mole, dry basis)

  %CO2 =  Effluent gas Carbon Dioxide Content (% volume, dry basis)
  %O2 =  Effluent gas Oxygen Content (% volume, dry basis)

%N2 =  Effluent Balance Gas Content (% volume, dry basis)
0.32 =  Molecular weight of O2 divided by 100
0.44 =  Molecular weight of CO2 divided by 100
0.28 =  Molecular weight of Nitrogen divided by 100

%CO2 = 6.059 %O2 = 11.700 %N2 = 82.241

  Md = 29.44 lb/lb-mole From Method 3A, Instrumental

Ms = Md x (1-Bws) + (18.0 x Bws)

Where:
Ms = Effluent gas molecular weight (lb/lb-mole, wet basis)

  Bws = Effluent gas fractional moisture content (dimensionless)

Md = 29.44 lb/lb-mole Bws = 0.138 From Method 4

Ms = 27.86 lb/lb-mole

Average Square Root of Velocity Head - applicable to Method 2 only

n

avg√∆P Σ √∆Pi
i = 1

n
Where:

√∆Pi = square root of ΔP at traverse point i
avg√∆P = Average of the square roots of ΔP's at all traverse points

avg√∆P = 1.3099

Dry Molecular Weight

Wet Molecular Weight
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Company: Project Number:
Test Date:

Plant: Run #:
Sample Location: Operating Level:

Note:  In order to duplicate these examples, results must not be rounded.

1
Mid (Normal)

Cokenergy Facility
Stack 201

Unit ID:

Example Calculations - Method 2 Volumetric Flow

382355
May 12, 2020

Primary Energy
HRCC

  Vs = 85.49  x  Cp  x   avg√∆P  x  ((Ts + 460)/ (Ps x Ms))1/2

Where:
  Vs = Average velocity of effluent gas (ft/sec)
  Cp = Pitot calibration coefficient (dimensionless)

avg√∆P = Average of the square roots of ΔP's at all traverse points
Ts = Average effluent gas temperature (oF)

  Cp = 0.840 Ts = 272 °F
Ps = 29.13 "Hg Ms = 27.86 lb/lb-mole

avg√∆P = 1.3099

  Vs = 89.36 ft/sec

Applicable when Method 2 is used alone:

Qacfm =   Vs  x  A  x  60 sec/min

Where:
Q = Effluent gas volumetric flow rate at actual conditions (acfm)
A = Cross-sectional area of the stack/duct at the test location (ft2)

  Vs = 89.36 ft/sec A = 254.469 ft2

Q = 1,364,360 acfm

Average Duct Velocity - applicable to Method 2 only

Volumetric Flow Rate (Actual Basis)
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Company: Project Number:
Test Date:

Plant: Run #:
Sample Location: Operating Level:

Note:  In order to duplicate these examples, results must not be rounded.

1
Mid (Normal)

Cokenergy Facility
Stack 201

Unit ID:

Example Calculations - Method 2 Volumetric Flow

382355
May 12, 2020

Primary Energy
HRCC

Standard cubic feet per minute (Wet):

Qstd = Q x (Tstd/29.92) x (Ps/(Ts + 460))

Where:
Qstd = Effluent gas volumetric flow rate corrected to 29.92"Hg and 528oR (scfm)

Q = 1,364,360 acfm Ps = 29.13 "Hg

Ts (avg) = 272 °F   Tstd = 528   °R

Qstd = 957,668 scfm

Standard cubic feet per hour (Wet):

Qsw = Qstd x 60 min/hr

Qsw = 57,460,079 scfh

Standard cubic feet per minute (Dry):

Qdscfm =  Qstd  x  (1-Bws)

Bws = 0.138 dimensionless

Qdscfm = 825,485 dscfm

Standard cubic feet per hour (Dry):

Qsd = Qdscfm x 60 min/hr

Qsd = 49,529,125 dscfh

Volumetric Flow Rate (Standard Dry Basis)

Volumetric Flow Rate (Standard Wet Basis)

© 2019 TRC Environmental Corp. 
AM-EMT-05 Rev. 6.4

Revised 04/2/19 

TRC Report 382355 37 of 115



Example Calculations - Moisture (Method 4)

Company: Project Number:
Test Date:
Run #:

Sample Location: Operating Level:

Ps = Pbar + (Pg / 13.6)

Where:
Ps = Flue gas pressure ("Hg)

Pbar = Ambient barometric pressure at sample elevation ("Hg)

Pg = Flue gas gauge pressure ("H2O)

Pbar = 29.28 "Hg Pg = -2.00 "H2O

Ps = 29.13 "Hg

Vm =   Vf - Vi

Where:
Vi = Initial meter sample volume (Cubic Feet or Liters)

Vf = Final meter sample volume (Cubic Feet or Liters)

Vm = Sample volume collected at actual conditions (dcf)

Vf = 107.871 cf Vi = 85.088 cf

Vm = 22.783 dcf

Unit ID:

Actual Meter Volume

HRCC 1
Stack 201 > 50% Load

Effluent Gas Pressure

Primary Energy 382355
Plant: Cokenergy Facility May 12, 2020
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Example Calculations - Moisture (Method 4)

Company: Project Number:
Test Date:
Run #:

Sample Location: Operating Level:
Unit ID: HRCC 1

Stack 201 > 50% Load

Primary Energy 382355
Plant: Cokenergy Facility May 12, 2020

Vm(std) = (Tstd / 29.92) x Y x Vm x (Pbar + Pm / 13.6)/(Tm + 460)

Where:
Vm(std) = Sample volume collected corrected to 29.92 "Hg and 528 °R (dscf)

Y = Dry test meter calibration coefficient (dimensionless)
Tm = Average dry test meter temperature (oF)
Pm = Average dry test meter pressure ("H2O)

Tstd = Standard temperature 528 °R

Vm = 22.783 dcf Pbar = 29.28 "Hg

Pm = 1.90 "H2O Tm = 67.8 °F

Y = 0.992 Tstd = 528.0 °R

Vm(std) = 22.230 dscf

Vwc(std) = 0.04715  x  (Tstd / 528) x MH2O

Where:
Vwc(std) = Volume of water vapor collected corrected to 29.92 "Hg and 528 °R  (scf)

MH2O = Net weight gain of impingers (grams)

MH2O = 75.5 grams

Vwc(std) = 3.560 scf

Bws =

Where:
Bws = Fractional moisture content (dimensionless)

Vwc(std) = 3.560 scf Vm(std) = 22.230 dscf

Bws = 0.138

Sample Volume at Standard Conditions

Volume of Water Vapor Condensed at Standard Conditions

Moisture Content

Vwc(std)

Vwc(std)  +  Vm(std)

H
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Example Calculations - Moisture (Method 4)

Company: Project Number:
Test Date:
Run #:

Sample Location: Operating Level:
Unit ID: HRCC 1

Stack 201 > 50% Load

Primary Energy 382355
Plant: Cokenergy Facility May 12, 2020

Md = 0.44 x (%CO2)  +  0.32 x (%O2)  +  0.28 x (%N2)

Where:
Md = Effluent gas molecular weight (lb/lb-mole, dry basis)

%CO2 = Effluent gas Carbon Dioxide Content (% volume, dry basis)

%O2 = Effluent gas Oxygen Content (% volume, dry basis)

%N2 = Effluent gas Nitrogen Content (% volume, dry basis)

0.32 = Molecular weight of O2, divided by 100

0.44 = Molecular weight of CO2, divided by 100

0.28 = Molecular weight of N2, divided by 100

%CO2 = 6.1 %O2 = 11.7 %N2 = 82.2

Md = 29.44 lb/lb-mole

Ms = Md x (1 - Bws) + (18.0 x Bws)

Where:
Ms = Effluent gas molecular weight (lb/lb-mole, wet basis)

Md = 29.44 lb/lb-mole Bws = 0.138

Ms = 27.86 lb/lb-mole

Dry Molecular Weight

Wet Molecular Weight
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Project Number: Start Date:

Customer: Facility:

Unit Identification: Recorded by:

Sample Location: Fc Factor:

Load Level/Condition: Fd Factor:

Pollutant Model #

NOX -

SO2 43C

CO -

CO2 1440

O2 1440

NOX

SO2

CO

CO2

O2

Primary Energy

HRCC

Stack 201

> 50% Load

--

11401

1152150034

-

-

-

-

Brand Gaus 4705

Thermo Scientific 43i-HL

Backup

Serial Number

Extractive (Dry)

CEM System Information

-

-

CEM System Probe Type (Moisture Basis):

Primary
Manufacturer/ModelPollutant

Manufacturer

Reference Method Probe Type (Moisture Basis):

Thermo

-

RM Analyzer Information

-

-

-

-

-

Instrumental Reference Method Field Data

-

1415D/3497

1420D/3497

Gavin Lewis

Cokenergy Facility

5/12/2020

Extractive (Dry)

Serial Number

-

43CHL-77495-386

Servomex

Servomex

-

382355
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Project Number: Start Date:
Customer: End Date:
Unit Identification: Facility:
Sample Location: Recorded by:
RM Probe Type Fc Factor:
Load Level/Condition: Fd Factor:

Run Start End NOx SO2 CO CO2 O2
# Date Time Time ppmvd ppmvd ppmvd % v/v dry % v/v dry
1 5/12/20 7:45 8:06 - 186.843 - 6.059 11.700
2 5/12/20 8:35 8:56 - 185.076 - 6.011 11.840
3 5/12/20 9:15 9:36 - 186.986 - 5.981 11.920
4 5/12/20 9:48 10:09 - 188.018 - 5.968 11.934
5 5/12/20 10:21 10:42 - 185.725 - 5.857 12.130
6 5/12/20 10:53 11:14 - 186.468 - 5.795 12.246
7 5/12/20 11:25 11:46 - 185.582 - 5.754 12.356
8 5/12/20 11:57 12:18 - 175.322 - 5.590 12.637
9 5/12/20 12:30 12:51 - 178.630 - 5.518 12.749
10 5/12/20 13:03 13:24 - 181.698 - 5.506 12.765

Run NOx SO2 CO CO2 O2  Flow
# ppmvd ppmvd ppmvd % v/v dry % v/v dry Bws DSCFM
1 - 186.843 - 6.059 11.700 - 825,485
2 - 185.076 - 6.011 11.840 - 827,021
3 - 186.986 - 5.981 11.920 - 809,869
4 - 188.018 - 5.968 11.934 - 812,811
5 - 185.725 - 5.857 12.130 - 800,284
6 - 186.468 - 5.795 12.246 - 800,695
7 - 185.582 - 5.754 12.356 - 801,415
8 - 175.322 - 5.590 12.637 - 801,918
9 - 178.630 - 5.518 12.749 - 803,591
10 - 181.698 - 5.506 12.765 - 811,729

Moisture correction applied to "As Measured" data: None

Run NOx SO2 CO NOx SO2 CO
# lb/MMBtu lb/MMBtu lb/MMBtu lb/hr lb/hr lb/hr Fc Factor Fd Factor
1 - - - - 1536.19 - - -
2 - - - - 1524.49 - - -
3 - - - - 1508.28 - - -
4 - - - - 1522.12 - - -
5 - - - - 1480.38 - - -
6 - - - - 1487.07 - - -
7 - - - - 1481.33 - - -
8 - - - - 1400.31 - - -
9 - - - - 1429.71 - - -
10 - - - - 1469.00 - - -

* - lb/MMBtu based on measured concentrations and EPA F-Factor; lb/hr based on measured concentrations and volume flow.

Extractive (Dry)
> 50% Load

-
-

Reference Method Results Summary

Reference Method Concentrations - CEMS Moisture Basis Reference Method Results

5/12/20
382355

Primary Energy
HRCC

Stack 201

5/12/20

Reference Method Concentrations - As Measured Moisture Basis

Cokenergy Facility
Gavin Lewis

Reference Method Pollutant Emission Rates*
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Primary Energy Cokenergy 2020 May 12                          
Initial Calibration Error Test                          
Date/Time:   5/12/2020 6:38:52

Result:      PASS                     
                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
Reference Cylinder IDs
           Zero ID:        Low ID:         Mid ID:         High ID:       
SO2        EB0037831                       CC447467        SG9151303BAL   
CO2        EB0037831                       EB0094259       EB0065406      
O2         EB0037831                       EB0094259       EB0065406      

Calibration Error Results                           
Channel:     SO2 CO2 O2

Units:       ppmvd % dry % dry
Span:        452.600 17.720 22.260

Range:       500 25 25

Method:      EPA 7E EPA 7E EPA 7E
                                       
Zero Ref:    0.000 0.000 0.000

Zero Cal:    0.000 0.075 0.000

Zero Error:  0.00% 0.40% 0.00%

                                       
Low Ref:                               
Low Cal:                               
Low Error:                             
                                       
Mid Ref:     204.300 8.753 10.030

Mid Cal:     207.599 8.925 10.125

Mid Error:   0.70% 1.00% 0.40%

                                       
High Ref:    452.600 17.720 22.260

High Cal:    449.239 17.650 22.275

High Error:  ‐0.70% ‐0.40% 0.10%

                                       
Cal Result:  PASSED PASSED PASSED
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Primary Energy Cokenergy 2020 May 12                          
Initial System Bias Check                          
Date/Time:   5/12/2020 6:46:42

Result:      PASS                     
                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
Reference Cylinder IDs
           Low ID          Upscale ID      Span ID        
SO2        EB0037831       CC447467        SG9151303BAL   
CO2        EB0037831       EB0094259       EB0065406      
O2         EB0037831       EB0094259       EB0065406      

System Bias Check Results                           
Analyte:     SO2 CO2 O2

Units:       ppmvd % dry % dry
Span:        452.600 17.720 22.260

Range:       500 25 25

Method:      EPA 7E EPA 7E EPA 7E
                                       
Low Cal:     0.000 0.075 0.000

Low Sys:     4.956 0.075 0.050

Low Bias:    1.10% 0.00% 0.20%

                                       
Upscale Cal: 207.599 8.925 10.125

Upscale Sys: 199.089 8.825 10.025

Upscale Bias ‐1.90% ‐0.60% ‐0.40%
                                       
Bias Result: PASSED PASSED PASSED
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Primary Energy Cokenergy 2020 May 12             
Run 1 Final Bias & Drift Check                          
Date/Time:   5/12/2020 8:13:12

Result:      PASS                     
                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
Reference Cylinder IDs
           Low ID          Upscale ID      Span ID        
SO2        EB0037831       CC447467        SG9151303BAL   
CO2        EB0037831       EB0094259       EB0065406      
O2         EB0037831       EB0094259       EB0065406      

System Bias Check Results                           
Analyte:     SO2 CO2 O2

Units:       ppmvd % dry % dry
Span:        452.600 17.720 22.260

Range:       500 25 25

Method:      EPA 7E EPA 7E EPA 7E
                                       
Low Cal:     0.000 0.075 0.000

Low Sys:     6.458 0.100 0.050

Low Bias:    1.40% 0.10% 0.20%

                                       
Upscale Cal: 207.599 8.925 10.125

Upscale Sys: 199.590 8.800 10.050

Upscale Bias ‐1.80% ‐0.70% ‐0.30%
                                       
Bias Result: PASSED PASSED PASSED

System Bias Drift Results                           
Low Drift:   0.30% 0.10% 0.00%

Mid Drift:   0.10% ‐0.10% 0.10%

Drift Result: PASSED PASSED PASSED

            
Cal Result:  OK OK OK

Test Run 1 Bias Correction Calculations:
             SO2 CO2 O2

Low init:    4.956 0.075 0.050

Low final:   6.458 0.100 0.050

Mid Init:    199.089 8.825 10.025

Mid Final:   199.590 8.800 10.050

Run Avg:     182.794 6.127 11.700

Co:          5.707 0.088 0.050

Cm:          199.339 8.812 10.038

Coa:         0.000 0.000 0.000

Cma:         204.300 8.753 10.030

Corrected:   186.843 6.059 11.700

TRC Report 382355 45 of 115



Primary Energy Cokenergy 2020 May 12                          
Test Run 1                            
Start:       5/12/2020 7:45:00

End:         5/12/2020 8:06:01

                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
                         SO2 CO2 O2

Time    Entry  ppmvd % dry % dry
07:46:00 1 min avg: 181.583 6.113 11.717

07:47:00 1 min avg: 180.226 6.107 11.724

07:48:00 1 min avg: 178.378 6.103 11.725

07:49:00 1 min avg: 179.637 6.114 11.721

07:50:00 1 min avg: 182.010 6.111 11.727

07:51:00 1 min avg: 184.349 6.110 11.718

07:52:00 1 min avg: 184.153 6.121 11.710

07:53:00 1 min avg: 182.450 6.103 11.725

07:54:00 1 min avg: 182.703 6.125 11.702

07:55:00 1 min avg: 186.122 6.128 11.691

07:56:00 1 min avg: 186.273 6.125 11.708

07:57:00 1 min avg: 184.711 6.133 11.690

07:58:00 1 min avg: 181.889 6.137 11.678

07:59:00 1 min avg: 182.590 6.140 11.674

08:00:00 1 min avg: 185.450 6.131 11.699

08:01:00 1 min avg: 182.031 6.137 11.696

08:02:00 1 min avg: 182.563 6.146 11.672

08:03:00 1 min avg: 183.725 6.148 11.679

08:04:00 1 min avg: 183.981 6.148 11.677

08:05:00 1 min avg: 181.520 6.145 11.684

08:06:00 1 min avg: 182.328 6.140 11.689

08:06:01 Test Avgs: 182.794 6.127 11.700
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Primary Energy Cokenergy 2020 May 12             
Run 2 Final Bias & Drift Check                          
Date/Time:   5/12/2020 9:03:12

Result:      PASS                     
                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
Reference Cylinder IDs
           Low ID          Upscale ID      Span ID        
SO2        EB0037831       CC447467        SG9151303BAL   
CO2        EB0037831       EB0094259       EB0065406      
O2         EB0037831       EB0094259       EB0065406      

System Bias Check Results                           
Analyte:     SO2 CO2 O2

Units:       ppmvd % dry % dry
Span:        452.600 17.720 22.260

Range:       500 25 25

Method:      EPA 7E EPA 7E EPA 7E
                                       
Low Cal:     0.000 0.075 0.000

Low Sys:     7.459 0.100 0.075

Low Bias:    1.60% 0.10% 0.30%

                                       
Upscale Cal: 207.599 8.925 10.125

Upscale Sys: 200.090 8.775 10.050

Upscale Bias ‐1.70% ‐0.80% ‐0.30%
                                       
Bias Result: PASSED PASSED PASSED

System Bias Drift Results                           
Low Drift:   0.20% 0.00% 0.10%

Mid Drift:   0.10% ‐0.10% 0.00%

Drift Result: PASSED PASSED PASSED

            
Cal Result:  OK OK OK

Test Run 2 Bias Correction Calculations:
             SO2 CO2 O2

Low init:    6.458 0.100 0.050

Low final:   7.459 0.100 0.075

Mid Init:    199.590 8.800 10.050

Mid Final:   200.090 8.775 10.050

Run Avg:     181.690 6.066 11.852

Co:          6.958 0.100 0.063

Cm:          199.840 8.788 10.050

Coa:         0.000 0.000 0.000

Cma:         204.300 8.753 10.030

Corrected:   185.076 6.011 11.840
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Primary Energy Cokenergy 2020 May 12                          
Test Run 2                            
Start:       5/12/2020 8:35:00

End:         5/12/2020 8:56:01

                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
                         SO2 CO2 O2

Time    Entry  ppmvd % dry % dry
08:36:00 1 min avg: 180.357 6.081 11.818

08:37:00 1 min avg: 181.537 6.075 11.825

08:38:00 1 min avg: 179.993 6.071 11.838

08:39:00 1 min avg: 178.733 6.074 11.848

08:40:00 1 min avg: 177.042 6.075 11.847

08:41:00 1 min avg: 174.795 6.071 11.839

08:42:00 1 min avg: 179.228 6.074 11.831

08:43:00 1 min avg: 182.917 6.064 11.857

08:44:00 1 min avg: 183.165 6.055 11.863

08:45:00 1 min avg: 183.670 6.052 11.870

08:46:00 1 min avg: 182.245 6.053 11.870

08:47:00 1 min avg: 181.206 6.054 11.865

08:48:00 1 min avg: 182.643 6.056 11.872

08:49:00 1 min avg: 183.036 6.069 11.854

08:50:00 1 min avg: 183.292 6.071 11.853

08:51:00 1 min avg: 183.343 6.050 11.881

08:52:00 1 min avg: 183.005 6.072 11.843

08:53:00 1 min avg: 186.073 6.062 11.860

08:54:00 1 min avg: 182.627 6.063 11.861

08:55:00 1 min avg: 184.947 6.075 11.845

08:56:00 1 min avg: 181.642 6.063 11.856

08:56:01 Test Avgs: 181.690 6.066 11.852
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Primary Energy Cokenergy 2020 May 12             
Run 3 Final Bias & Drift Check                          
Date/Time:   5/12/2020 9:43:03

Result:      PASS                     
                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
Reference Cylinder IDs
           Low ID          Upscale ID      Span ID        
SO2        EB0037831       CC447467        SG9151303BAL   
CO2        EB0037831       EB0094259       EB0065406      
O2         EB0037831       EB0094259       EB0065406      

System Bias Check Results                           
Analyte:     SO2 CO2 O2

Units:       ppmvd % dry % dry
Span:        452.600 17.720 22.260

Range:       500 25 25

Method:      EPA 7E EPA 7E EPA 7E
                                       
Low Cal:     0.000 0.075 0.000

Low Sys:     7.459 0.100 0.050

Low Bias:    1.60% 0.10% 0.20%

                                       
Upscale Cal: 207.599 8.925 10.125

Upscale Sys: 201.091 8.800 10.050

Upscale Bias ‐1.40% ‐0.70% ‐0.30%
                                       
Bias Result: PASSED PASSED PASSED

System Bias Drift Results                           
Low Drift:   0.00% 0.00% ‐0.10%
Mid Drift:   0.20% 0.10% 0.00%

Drift Result: PASSED PASSED PASSED

            
Cal Result:  OK OK OK

Test Run 3 Bias Correction Calculations:
             SO2 CO2 O2

Low init:    7.459 0.100 0.075

Low final:   7.459 0.100 0.050

Mid Init:    200.090 8.775 10.050

Mid Final:   201.091 8.800 10.050

Run Avg:     184.223 6.036 11.932

Co:          7.459 0.100 0.063

Cm:          200.591 8.788 10.050

Coa:         0.000 0.000 0.000

Cma:         204.300 8.753 10.030

Corrected:   186.986 5.981 11.920
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Primary Energy Cokenergy 2020 May 12                          
Test Run 3                            
Start:       5/12/2020 9:15:00

End:         5/12/2020 9:36:00

                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
                         SO2 CO2 O2

Time    Entry  ppmvd % dry % dry
09:15:59 1 min avg: 183.542 6.040 11.908

09:16:59 1 min avg: 182.293 6.050 11.899

09:17:59 1 min avg: 183.587 6.041 11.917

09:18:59 1 min avg: 184.831 6.034 11.920

09:19:59 1 min avg: 184.813 6.050 11.896

09:20:59 1 min avg: 186.073 6.043 11.919

09:21:59 1 min avg: 185.286 6.037 11.930

09:22:59 1 min avg: 184.822 6.049 11.925

09:23:59 1 min avg: 184.908 6.049 11.908

09:24:59 1 min avg: 184.298 6.027 11.945

09:25:59 1 min avg: 184.045 6.049 11.920

09:26:59 1 min avg: 185.383 6.042 11.931

09:27:59 1 min avg: 182.865 6.046 11.921

09:28:59 1 min avg: 179.910 6.035 11.945

09:29:59 1 min avg: 176.279 6.025 11.955

09:30:59 1 min avg: 181.986 6.026 11.950

09:31:59 1 min avg: 186.065 6.043 11.933

09:32:59 1 min avg: 190.190 6.022 11.970

09:33:59 1 min avg: 186.335 6.022 11.963

09:34:59 1 min avg: 186.085 6.025 11.951

09:35:59 1 min avg: 185.072 6.010 11.972

09:36:00 Test Avgs: 184.223 6.036 11.932
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Primary Energy Cokenergy 2020 May 12             
Run 4 Final Bias & Drift Check                          
Date/Time:   5/12/2020 10:16:37

Result:      PASS                     
                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
Reference Cylinder IDs
           Low ID          Upscale ID      Span ID        
SO2        EB0037831       CC447467        SG9151303BAL   
CO2        EB0037831       EB0094259       EB0065406      
O2         EB0037831       EB0094259       EB0065406      

System Bias Check Results                           
Analyte:     SO2 CO2 O2

Units:       ppmvd % dry % dry
Span:        452.600 17.720 22.260

Range:       500 25 25

Method:      EPA 7E EPA 7E EPA 7E
                                       
Low Cal:     0.000 0.075 0.000

Low Sys:     5.957 0.100 0.050

Low Bias:    1.30% 0.10% 0.20%

                                       
Upscale Cal: 207.599 8.925 10.125

Upscale Sys: 199.590 8.800 10.075

Upscale Bias ‐1.80% ‐0.70% ‐0.20%
                                       
Bias Result: PASSED PASSED PASSED

System Bias Drift Results                           
Low Drift:   ‐0.30% 0.00% 0.00%

Mid Drift:   ‐0.30% 0.00% 0.10%

Drift Result: PASSED PASSED PASSED

            
Cal Result:  OK OK OK

Test Run 4 Bias Correction Calculations:
             SO2 CO2 O2

Low init:    7.459 0.100 0.050

Low final:   5.957 0.100 0.050

Mid Init:    201.091 8.800 10.050

Mid Final:   199.590 8.800 10.075

Run Avg:     184.909 6.032 11.963

Co:          6.708 0.100 0.050

Cm:          200.340 8.800 10.063

Coa:         0.000 0.000 0.000

Cma:         204.300 8.753 10.030

Corrected:   188.018 5.968 11.934
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Primary Energy Cokenergy 2020 May 12                          
Test Run 4                            
Start:       5/12/2020 9:48:01

End:         5/12/2020 10:09:01

                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
                         SO2 CO2 O2

Time    Entry  ppmvd % dry % dry
09:49:00 1 min avg: 181.846 6.030 11.944

09:50:00 1 min avg: 185.485 6.025 11.955

09:51:00 1 min avg: 185.324 6.030 11.951

09:52:00 1 min avg: 188.844 6.029 11.957

09:53:00 1 min avg: 184.258 6.043 11.935

09:54:00 1 min avg: 184.067 6.040 11.942

09:55:00 1 min avg: 185.096 6.025 11.975

09:56:00 1 min avg: 186.118 6.042 11.950

09:57:00 1 min avg: 185.831 6.029 11.953

09:58:00 1 min avg: 183.770 6.027 11.967

09:59:00 1 min avg: 184.329 6.040 11.955

10:00:00 1 min avg: 184.375 6.025 11.973

10:01:00 1 min avg: 184.876 6.041 11.948

10:02:00 1 min avg: 186.019 6.051 11.942

10:03:00 1 min avg: 182.705 6.029 11.971

10:04:00 1 min avg: 182.224 6.026 11.975

10:05:00 1 min avg: 182.124 6.039 11.965

10:06:00 1 min avg: 185.363 6.045 11.962

10:07:00 1 min avg: 187.634 6.020 12.005

10:08:00 1 min avg: 187.392 6.013 12.013

10:09:00 1 min avg: 185.403 6.025 11.984

10:09:01 Test Avgs: 184.909 6.032 11.963

TRC Report 382355 52 of 115



Primary Energy Cokenergy 2020 May 12             
Run 5 Final Bias & Drift Check                          
Date/Time:   5/12/2020 10:49:02

Result:      PASS                     
                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
Reference Cylinder IDs
           Low ID          Upscale ID      Span ID        
SO2        EB0037831       CC447467        SG9151303BAL   
CO2        EB0037831       EB0094259       EB0065406      
O2         EB0037831       EB0094259       EB0065406      

System Bias Check Results                           
Analyte:     SO2 CO2 O2

Units:       ppmvd % dry % dry
Span:        452.600 17.720 22.260

Range:       500 25 25

Method:      EPA 7E EPA 7E EPA 7E
                                       
Low Cal:     0.000 0.075 0.000

Low Sys:     7.480 0.100 0.075

Low Bias:    1.70% 0.10% 0.30%

                                       
Upscale Cal: 207.599 8.925 10.125

Upscale Sys: 200.382 8.825 10.075

Upscale Bias ‐1.60% ‐0.60% ‐0.20%
                                       
Bias Result: PASSED PASSED PASSED

System Bias Drift Results                           
Low Drift:   0.30% 0.00% 0.10%

Mid Drift:   0.20% 0.10% 0.00%

Drift Result: PASSED PASSED PASSED

            
Cal Result:  OK OK OK

Test Run 5 Bias Correction Calculations:
             SO2 CO2 O2

Low init:    5.957 0.100 0.050

Low final:   7.480 0.100 0.075

Mid Init:    199.590 8.800 10.075

Mid Final:   200.382 8.825 10.075

Run Avg:     182.414 5.930 12.171

Co:          6.718 0.100 0.063

Cm:          199.986 8.812 10.075

Coa:         0.000 0.000 0.000

Cma:         204.300 8.753 10.030

Corrected:   185.725 5.857 12.130
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Primary Energy Cokenergy 2020 May 12                          
Test Run 5                            
Start:       5/12/2020 10:21:00

End:         5/12/2020 10:42:01

                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
                         SO2 CO2 O2

Time    Entry  ppmvd % dry % dry
10:22:00 1 min avg: 183.402 5.956 12.111

10:23:00 1 min avg: 183.396 5.950 12.124

10:24:00 1 min avg: 181.208 5.950 12.130

10:25:00 1 min avg: 179.871 5.934 12.153

10:26:00 1 min avg: 180.369 5.933 12.156

10:27:00 1 min avg: 184.257 5.944 12.149

10:28:00 1 min avg: 183.847 5.938 12.155

10:29:00 1 min avg: 182.081 5.927 12.173

10:30:00 1 min avg: 183.217 5.935 12.164

10:31:00 1 min avg: 180.961 5.941 12.155

10:32:00 1 min avg: 183.513 5.916 12.197

10:33:00 1 min avg: 183.741 5.919 12.194

10:34:00 1 min avg: 181.565 5.925 12.182

10:35:00 1 min avg: 180.321 5.922 12.196

10:36:00 1 min avg: 181.505 5.924 12.184

10:37:00 1 min avg: 183.629 5.925 12.175

10:38:00 1 min avg: 184.402 5.915 12.197

10:39:00 1 min avg: 181.338 5.923 12.187

10:40:00 1 min avg: 183.508 5.925 12.188

10:41:00 1 min avg: 181.831 5.921 12.200

10:42:00 1 min avg: 182.738 5.902 12.219

10:42:01 Test Avgs: 182.414 5.930 12.171
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Primary Energy Cokenergy 2020 May 12             
Run 6 Final Bias & Drift Check                          
Date/Time:   5/12/2020 11:20:06

Result:      PASS                     
                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
Reference Cylinder IDs
           Low ID          Upscale ID      Span ID        
SO2        EB0037831       CC447467        SG9151303BAL   
CO2        EB0037831       EB0094259       EB0065406      
O2         EB0037831       EB0094259       EB0065406      

System Bias Check Results                           
Analyte:     SO2 CO2 O2

Units:       ppmvd % dry % dry
Span:        452.600 17.720 22.260

Range:       500 25 25

Method:      EPA 7E EPA 7E EPA 7E
                                       
Low Cal:     0.000 0.075 0.000

Low Sys:     6.958 0.100 0.050

Low Bias:    1.50% 0.10% 0.20%

                                       
Upscale Cal: 207.599 8.925 10.125

Upscale Sys: 199.729 8.815 10.050

Upscale Bias ‐1.70% ‐0.60% ‐0.30%
                                       
Bias Result: PASSED PASSED PASSED

System Bias Drift Results                           
Low Drift:   ‐0.10% 0.00% ‐0.10%
Mid Drift:   ‐0.10% ‐0.10% ‐0.10%
Drift Result: PASSED PASSED PASSED

            
Cal Result:  OK OK OK

Test Run 6 Bias Correction Calculations:
             SO2 CO2 O2

Low init:    7.480 0.100 0.075

Low final:   6.958 0.100 0.050

Mid Init:    200.382 8.825 10.075

Mid Final:   199.729 8.815 10.050

Run Avg:     183.224 5.873 12.272

Co:          7.219 0.100 0.063

Cm:          200.055 8.820 10.063

Coa:         0.000 0.000 0.000

Cma:         204.300 8.753 10.030

Corrected:   186.468 5.795 12.246
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Primary Energy Cokenergy 2020 May 12                          
Test Run 6                            
Start:       5/12/2020 10:53:00

End:         5/12/2020 11:14:00

                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
                         SO2 CO2 O2

Time    Entry  ppmvd % dry % dry
10:53:59 1 min avg: 185.066 5.887 12.242

10:54:59 1 min avg: 185.802 5.894 12.227

10:55:59 1 min avg: 186.309 5.873 12.262

10:56:59 1 min avg: 184.571 5.882 12.252

10:57:59 1 min avg: 183.471 5.882 12.252

10:58:59 1 min avg: 184.206 5.878 12.258

10:59:59 1 min avg: 181.737 5.880 12.256

11:00:59 1 min avg: 178.815 5.876 12.257

11:01:59 1 min avg: 179.603 5.875 12.275

11:02:59 1 min avg: 182.676 5.872 12.279

11:03:59 1 min avg: 184.528 5.863 12.289

11:04:59 1 min avg: 183.423 5.878 12.269

11:05:59 1 min avg: 182.703 5.860 12.297

11:06:59 1 min avg: 178.724 5.856 12.302

11:07:59 1 min avg: 180.138 5.850 12.303

11:08:59 1 min avg: 184.539 5.854 12.306

11:09:59 1 min avg: 183.741 5.875 12.280

11:10:59 1 min avg: 184.962 5.875 12.275

11:11:59 1 min avg: 185.635 5.875 12.269

11:12:59 1 min avg: 183.402 5.872 12.288

11:13:59 1 min avg: 183.635 5.875 12.277

11:14:00 Test Avgs: 183.224 5.873 12.272
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Primary Energy Cokenergy 2020 May 12             
Run 7 Final Bias & Drift Check                          
Date/Time:   5/12/2020 11:52:11

Result:      PASS                     
                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
Reference Cylinder IDs
           Low ID          Upscale ID      Span ID        
SO2        EB0037831       CC447467        SG9151303BAL   
CO2        EB0037831       EB0094259       EB0065406      
O2         EB0037831       EB0094259       EB0065406      

System Bias Check Results                           
Analyte:     SO2 CO2 O2

Units:       ppmvd % dry % dry
Span:        452.600 17.720 22.260

Range:       500 25 25

Method:      EPA 7E EPA 7E EPA 7E
                                       
Low Cal:     0.000 0.075 0.000

Low Sys:     6.458 0.100 0.050

Low Bias:    1.40% 0.10% 0.20%

                                       
Upscale Cal: 207.599 8.925 10.125

Upscale Sys: 200.591 8.800 10.050

Upscale Bias ‐1.50% ‐0.70% ‐0.30%
                                       
Bias Result: PASSED PASSED PASSED

System Bias Drift Results                           
Low Drift:   ‐0.10% 0.00% 0.00%

Mid Drift:   0.20% ‐0.10% 0.00%

Drift Result: PASSED PASSED PASSED

            
Cal Result:  OK OK OK

Test Run 7 Bias Correction Calculations:
             SO2 CO2 O2

Low init:    6.958 0.100 0.050

Low final:   6.458 0.100 0.050

Mid Init:    199.729 8.815 10.050

Mid Final:   200.591 8.800 10.050

Run Avg:     182.436 5.824 12.369

Co:          6.708 0.100 0.050

Cm:          200.160 8.807 10.050

Coa:         0.000 0.000 0.000

Cma:         204.300 8.753 10.030

Corrected:   185.582 5.754 12.356
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Primary Energy Cokenergy 2020 May 12                          
Test Run 7                            
Start:       5/12/2020 11:25:00

End:         5/12/2020 11:46:00

                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
                         SO2 CO2 O2

Time    Entry  ppmvd % dry % dry
11:25:59 1 min avg: 184.737 5.851 12.301

11:26:59 1 min avg: 185.187 5.875 12.280

11:27:59 1 min avg: 184.148 5.853 12.309

11:28:59 1 min avg: 184.031 5.859 12.307

11:29:59 1 min avg: 183.005 5.873 12.290

11:30:59 1 min avg: 182.929 5.853 12.322

11:31:59 1 min avg: 181.173 5.850 12.325

11:32:59 1 min avg: 181.573 5.849 12.337

11:33:59 1 min avg: 184.385 5.849 12.349

11:34:59 1 min avg: 184.743 5.850 12.335

11:35:59 1 min avg: 182.582 5.829 12.352

11:36:59 1 min avg: 183.334 5.825 12.363

11:37:59 1 min avg: 180.832 5.825 12.370

11:38:59 1 min avg: 180.147 5.825 12.370

11:39:59 1 min avg: 180.816 5.832 12.357

11:40:59 1 min avg: 180.653 5.825 12.373

11:41:59 1 min avg: 182.001 5.798 12.415

11:42:59 1 min avg: 181.322 5.757 12.484

11:43:59 1 min avg: 179.653 5.750 12.494

11:44:59 1 min avg: 181.892 5.742 12.509

11:45:59 1 min avg: 181.998 5.739 12.514

11:46:00 Test Avgs: 182.436 5.824 12.369
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Primary Energy Cokenergy 2020 May 12             
Run 8 Final Bias & Drift Check                          
Date/Time:   5/12/2020 12:24:02

Result:      PASS                     
                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
Reference Cylinder IDs
           Low ID          Upscale ID      Span ID        
SO2        EB0037831       CC447467        SG9151303BAL   
CO2        EB0037831       EB0094259       EB0065406      
O2         EB0037831       EB0094259       EB0065406      

System Bias Check Results                           
Analyte:     SO2 CO2 O2

Units:       ppmvd % dry % dry
Span:        452.600 17.720 22.260

Range:       500 25 25

Method:      EPA 7E EPA 7E EPA 7E
                                       
Low Cal:     0.000 0.075 0.000

Low Sys:     5.957 0.100 0.050

Low Bias:    1.30% 0.10% 0.20%

                                       
Upscale Cal: 207.599 8.925 10.125

Upscale Sys: 198.088 8.825 10.050

Upscale Bias ‐2.10% ‐0.60% ‐0.30%
                                       
Bias Result: PASSED PASSED PASSED

System Bias Drift Results                           
Low Drift:   ‐0.10% 0.00% 0.00%

Mid Drift:   ‐0.60% 0.10% 0.00%

Drift Result: PASSED PASSED PASSED

            
Cal Result:  OK OK OK

Test Run 8 Bias Correction Calculations:
             SO2 CO2 O2

Low init:    6.458 0.100 0.050

Low final:   5.957 0.100 0.050

Mid Init:    200.591 8.800 10.050

Mid Final:   198.088 8.825 10.050

Run Avg:     171.945 5.664 12.650

Co:          6.207 0.100 0.050

Cm:          199.339 8.812 10.050

Coa:         0.000 0.000 0.000

Cma:         204.300 8.753 10.030

Corrected:   175.322 5.590 12.637
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Primary Energy Cokenergy 2020 May 12                          
Test Run 8                            
Start:       5/12/2020 11:57:01

End:         5/12/2020 12:18:01

                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
                         SO2 CO2 O2

Time    Entry  ppmvd % dry % dry
11:58:00 1 min avg: 180.494 5.723 12.540

11:59:00 1 min avg: 183.236 5.717 12.552

12:00:00 1 min avg: 182.322 5.723 12.550

12:01:00 1 min avg: 182.816 5.717 12.552

12:02:00 1 min avg: 181.069 5.714 12.560

12:03:00 1 min avg: 181.083 5.724 12.547

12:04:00 1 min avg: 180.788 5.701 12.576

12:05:00 1 min avg: 179.967 5.700 12.578

12:06:00 1 min avg: 179.432 5.701 12.575

12:07:00 1 min avg: 178.751 5.683 12.611

12:08:00 1 min avg: 164.769 5.621 12.725

12:09:00 1 min avg: 160.326 5.608 12.746

12:10:00 1 min avg: 161.208 5.622 12.728

12:11:00 1 min avg: 165.686 5.613 12.744

12:12:00 1 min avg: 164.724 5.631 12.720

12:13:00 1 min avg: 165.102 5.618 12.732

12:14:00 1 min avg: 163.447 5.625 12.725

12:15:00 1 min avg: 162.527 5.625 12.725

12:16:00 1 min avg: 163.726 5.625 12.725

12:17:00 1 min avg: 164.286 5.627 12.716

12:18:00 1 min avg: 165.089 5.635 12.714

12:18:01 Test Avgs: 171.945 5.664 12.650
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Primary Energy Cokenergy 2020 May 12             
Run 9 Final Bias & Drift Check                          
Date/Time:   5/12/2020 12:57:45

Result:      PASS                     
                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
 Reference Cylinder IDs
           Low ID          Upscale ID      Span ID        
SO2        EB0037831       CC447467        SG9151303BAL   
CO2        EB0037831       EB0094259       EB0065406      
O2         EB0037831       EB0094259       EB0065406      

System Bias Check Results                           
Analyte:     SO2 CO2 O2

Units:       ppmvd % dry % dry
Span:        452.600 17.720 22.260

Range:       500 25 25

Method:      EPA 7E EPA 7E EPA 7E
                                       
Low Cal:     0.000 0.075 0.000

Low Sys:     7.960 0.100 0.050

Low Bias:    1.80% 0.10% 0.20%

                                       
Upscale Cal: 207.599 8.925 10.125

Upscale Sys: 201.091 8.825 10.071

Upscale Bias ‐1.40% ‐0.60% ‐0.20%
                                       
Bias Result: PASSED PASSED PASSED

System Bias Drift Results                           
Low Drift:   0.40% 0.00% 0.00%

Mid Drift:   0.70% 0.00% 0.10%

Drift Result: PASSED PASSED PASSED

            
Cal Result:  OK OK OK

Test Run 9 Bias Correction Calculations:
             SO2 CO2 O2

Low init:    5.957 0.100 0.050

Low final:   7.960 0.100 0.050

Mid Init:    198.088 8.825 10.050

Mid Final:   201.091 8.825 10.071

Run Avg:     175.386 5.600 12.774

Co:          6.958 0.100 0.050

Cm:          199.590 8.825 10.060

Coa:         0.000 0.000 0.000

Cma:         204.300 8.753 10.030

Corrected:   178.630 5.518 12.749
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Primary Energy Cokenergy 2020 May 12                          
Test Run 9                            
Start:       5/12/2020 12:30:00

End:         5/12/2020 12:51:00

                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
                         SO2 CO2 O2

Time    Entry  ppmvd % dry % dry
12:30:59 1 min avg: 158.240 5.607 12.751

12:31:59 1 min avg: 164.069 5.643 12.690

12:32:59 1 min avg: 165.830 5.625 12.707

12:33:59 1 min avg: 160.091 5.625 12.720

12:34:59 1 min avg: 157.305 5.625 12.717

12:35:59 1 min avg: 158.941 5.622 12.734

12:36:59 1 min avg: 164.920 5.625 12.725

12:37:59 1 min avg: 167.478 5.610 12.756

12:38:59 1 min avg: 170.681 5.600 12.775

12:39:59 1 min avg: 174.598 5.590 12.789

12:40:59 1 min avg: 175.915 5.591 12.790

12:41:59 1 min avg: 177.630 5.590 12.796

12:42:59 1 min avg: 180.011 5.579 12.800

12:43:59 1 min avg: 175.281 5.589 12.800

12:44:59 1 min avg: 184.805 5.600 12.800

12:45:59 1 min avg: 223.502 5.600 12.790

12:46:59 1 min avg: 221.608 5.600 12.785

12:47:59 1 min avg: 186.766 5.604 12.782

12:48:59 1 min avg: 171.185 5.600 12.788

12:49:59 1 min avg: 173.125 5.564 12.837

12:50:59 1 min avg: 171.206 5.516 12.916

12:51:00 Test Avgs: 175.386 5.600 12.774
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Primary Energy Cokenergy 2020 May 12             
Run 10 Final Bias & Drift Check                          
Date/Time:   5/12/2020 13:32:43

Result:      PASS                     
                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
Reference Cylinder IDs
           Low ID          Upscale ID      Span ID        
SO2        EB0037831       CC447467        SG9151303BAL   
CO2        EB0037831       EB0094259       EB0065406      
O2         EB0037831       EB0094259       EB0065406      

System Bias Check Results                           
Analyte:     SO2 CO2 O2

Units:       ppmvd % dry % dry
Span:        452.600 17.720 22.260

Range:       500 25 25

Method:      EPA 7E EPA 7E EPA 7E
                                       
Low Cal:     0.000 0.075 0.000

Low Sys:     6.958 0.100 0.050

Low Bias:    1.50% 0.10% 0.20%

                                       
Upscale Cal: 207.599 8.925 10.125

Upscale Sys: 200.090 8.825 10.075

Upscale Bias ‐1.70% ‐0.60% ‐0.20%
                                       
Bias Result: PASSED PASSED PASSED

System Bias Drift Results                           
Low Drift:   ‐0.20% 0.00% 0.00%

Mid Drift:   ‐0.20% 0.00% 0.00%

Drift Result: PASSED PASSED PASSED

            
Cal Result:  OK OK OK

Test Run 10 Bias Correction Calculations:
             SO2 CO2 O2

Low init:    7.960 0.100 0.050

Low final:   6.958 0.100 0.050

Mid Init:    201.091 8.825 10.071

Mid Final:   200.090 8.825 10.075

Run Avg:     179.225 5.589 12.805

Co:          7.459 0.100 0.050

Cm:          200.591 8.825 10.073

Coa:         0.000 0.000 0.000

Cma:         204.300 8.753 10.030

Corrected:   181.698 5.506 12.765
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Primary Energy Cokenergy 2020 May 12                          
Test Run 10                           
Start:       5/12/2020 13:03:00

End:         5/12/2020 13:24:01

                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
                         SO2 CO2 O2

Time Entry ppmvd % dry % dry
13:04:00 1 min avg: 181.713 5.607 12.775

13:05:00 1 min avg: 183.081 5.601 12.784

13:06:00 1 min avg: 181.898 5.623 12.757

13:07:00 1 min avg: 179.050 5.602 12.779

13:08:00 1 min avg: 175.187 5.601 12.777

13:09:00 1 min avg: 176.952 5.609 12.775

13:10:00 1 min avg: 178.909 5.602 12.775

13:11:00 1 min avg: 179.054 5.600 12.787

13:12:00 1 min avg: 177.436 5.597 12.792

13:13:00 1 min avg: 173.590 5.596 12.800

13:14:00 1 min avg: 176.341 5.593 12.801

13:15:00 1 min avg: 179.875 5.575 12.823

13:16:00 1 min avg: 186.462 5.573 12.846

13:17:00 1 min avg: 181.390 5.573 12.829

13:18:00 1 min avg: 178.963 5.577 12.818

13:19:00 1 min avg: 176.290 5.575 12.826

13:20:00 1 min avg: 177.106 5.575 12.825

13:21:00 1 min avg: 179.370 5.572 12.840

13:22:00 1 min avg: 183.585 5.575 12.828

13:23:00 1 min avg: 180.523 5.566 12.841

13:24:00 1 min avg: 176.943 5.570 12.836

13:24:01 Test Avgs: 179.225 5.589 12.805
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METHOD 2 VOLUMETRIC FLOW DATA

Project No: Operating Level: Mid (Normal)
Company: Run No.: 1
Plant: Start Date: 5/12/2020
Unit ID: End Date: 5/12/2020

Start Time: 07:45
End Time: 07:52

Pitot Coefficient: RM Testers: Rome Rothgeb

Test Parameters   Moisture Determination
Pbar - Barometric pressure, inches Hg 29.28 Method Used: 4
Pg - Stack Pressure, inches of H2O -2.00 Meter Calibration: 0.992
Ps - Absolute stack pressure, inches Hg 29.13 Initial Meter Volume (cf) 85.088

Ts - Average stack temperature, oF 272.4 Final Meter Volume (cf) 107.871
Gas Molecular Weight Method: % CO₂: 6.059 Meter Temperature, deg F: 67.8

% O₂: 11.700 Meter Volume Vm(std): 22.231
% Nitrogen: 82.241 Meter Volume Vw(std): 3.560

Md - dry basis lb/lb mole 29.44 Delta H: 1.90

Ms - wet basis lb/lb mole 27.86 Train Initial Weight, g: 2740.5

Stack Diameter, Feet 18.00 Train Final Weight, g: 2816.0

A - Cross Sectional Area of Stack, Ft2 254.47 Condensate Initial Vol, mL: 0.0

Bws - Moisture content fraction 0.138 Condensate Final Vol, mL: 0.0

ΔP Temp Velocity ΔP Temp Velocity

Port Point (in. H2O) √ΔP (°F) (VS) Port Point (in. H2O) √ΔP (°F) (VS)

A 01 1.70 1.3038 268 88.68 C 01 1.50 1.2247 273 83.58

A 02 2.10 1.4491 272 98.83 C 02 1.80 1.3416 273 91.56

A 03 2.10 1.4491 274 98.96 C 03 1.70 1.3038 273 88.98

A 04 1.50 1.2247 273 83.58 C 04 1.10 1.0488 272 71.53

B 01 1.50 1.2247 273 83.58 D 01 2.20 1.4832 273 101.22

B 02 1.70 1.3038 273 88.98 D 02 2.20 1.4832 273 101.22

B 03 1.70 1.3038 272 88.92 D 03 2.00 1.4142 273 96.51

B 04 1.20 1.0954 273 74.76 D 04 1.70 1.3038 271 88.86

Method 2 Results Leak Checks:

Average ΔP Pre-Test: Pass

Average Sqrt ΔP Post-Test: Pass

Average Velocity (ft/sec) Moisture Train:
No WAF Applied to this Test Pre-Test: 0.000 CFM @ 5.0 in. Hg

Actual cubic feet per minute (ACFM) Post-Test: 0.000 CFM @ 5.0 in. Hg

Standard cubic feet per minute (SCFM)

Standard cubic feet per hour (SCFH) Comments:

Dry Standard cubic feet per minute (DSCFM)

Dry Standard cubic feet per hour (DSCFH)

Standard conditions of 29.92 in/Hg and 68º F

382355
Primary Energy
Cokenergy Facility

Method 3A, Instrumental

0.84

825,485

HRCC

890APitot ID: 
Stack 201Sample Location:

Pitot:

57,460,079

957,668

1,364,360

89.36

1.3099

1.7313

49,529,125
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METHOD 2 VOLUMETRIC FLOW DATA

Project No: Operating Level: Mid (Normal)
Company: Run No.: 2
Plant: Start Date: 5/12/2020
Unit ID: End Date: 5/12/2020

Start Time: 08:35
End Time: 08:43

Pitot Coefficient: RM Testers: Rome Rothgeb

Test Parameters   Moisture Determination
Pbar - Barometric pressure, inches Hg 29.28 Method Used: 4
Pg - Stack Pressure, inches of H2O -2.00 Meter Calibration: 0.992
Ps - Absolute stack pressure, inches Hg 29.13 Initial Meter Volume (cf) 8.280

Ts - Average stack temperature, oF 272.4 Final Meter Volume (cf) 31.124
Gas Molecular Weight Method: % CO₂: 6.011 Meter Temperature, deg F: 70.8

% O₂: 11.840 Meter Volume Vm(std): 22.165
% Nitrogen: 82.149 Meter Volume Vw(std): 3.480

Md - dry basis lb/lb mole 29.44 Delta H: 1.90

Ms - wet basis lb/lb mole 27.88 Train Initial Weight, g: 2669.6

Stack Diameter, Feet 18.00 Train Final Weight, g: 2743.4

A - Cross Sectional Area of Stack, Ft2 254.47 Condensate Initial Vol, mL: 0.0

Bws - Moisture content fraction 0.136 Condensate Final Vol, mL: 0.0

ΔP Temp Velocity ΔP Temp Velocity

Port Point (in. H2O) √ΔP (°F) (VS) Port Point (in. H2O) √ΔP (°F) (VS)

A 01 1.70 1.3038 270 88.76 C 01 1.70 1.3038 273 88.94

A 02 1.90 1.3784 273 94.03 C 02 1.70 1.3038 273 88.94

A 03 2.10 1.4491 273 98.85 C 03 1.60 1.2649 273 86.29

A 04 1.80 1.3416 272 91.46 C 04 1.10 1.0488 271 71.45

B 01 1.40 1.1832 273 80.71 D 01 1.80 1.3416 272 91.46

B 02 1.60 1.2649 273 86.29 D 02 2.20 1.4832 272 101.11

B 03 1.70 1.3038 273 88.94 D 03 2.10 1.4491 273 98.85

B 04 1.50 1.2247 272 83.49 D 04 1.70 1.3038 272 88.88

Method 2 Results Leak Checks:

Average ΔP Pre-Test: Pass

Average Sqrt ΔP Post-Test: Pass

Average Velocity (ft/sec) Moisture Train:
No WAF Applied to this Test Pre-Test: 0.000 CFM @ 5.0 in. Hg

Actual cubic feet per minute (ACFM) Post-Test: 0.000 CFM @ 5.0 in. Hg

Standard cubic feet per minute (SCFM)

Standard cubic feet per hour (SCFH) Comments:

Dry Standard cubic feet per minute (DSCFM)

Dry Standard cubic feet per hour (DSCFH)

Standard conditions of 29.92 in/Hg and 68º F

382355
Primary Energy
Cokenergy Facility

Method 3A, Instrumental

0.84

827,021

HRCC

890APitot ID: 
Stack 201Sample Location:

Pitot:

57,411,343

956,856

1,363,086

89.28

1.3093

1.7250

49,621,257
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METHOD 2 VOLUMETRIC FLOW DATA

Project No: Operating Level: Mid (Normal)
Company: Run No.: 3
Plant: Start Date: 5/12/2020
Unit ID: End Date: 5/12/2020

Start Time: 09:15
End Time: 09:23

Pitot Coefficient: RM Testers: Rome Rothgeb

Test Parameters   Moisture Determination
Pbar - Barometric pressure, inches Hg 29.26 Method Used: 4
Pg - Stack Pressure, inches of H2O -2.00 Meter Calibration: 0.992
Ps - Absolute stack pressure, inches Hg 29.11 Initial Meter Volume (cf) 8.280

Ts - Average stack temperature, oF 272.3 Final Meter Volume (cf) 31.124
Gas Molecular Weight Method: % CO₂: 5.981 Meter Temperature, deg F: 70.8

% O₂: 11.920 Meter Volume Vm(std): 22.150
% Nitrogen: 82.099 Meter Volume Vw(std): 3.480

Md - dry basis lb/lb mole 29.43 Delta H: 1.90

Ms - wet basis lb/lb mole 27.88 Train Initial Weight, g: 2669.6

Stack Diameter, Feet 18.00 Train Final Weight, g: 2743.4

A - Cross Sectional Area of Stack, Ft2 254.47 Condensate Initial Vol, mL: 0.0

Bws - Moisture content fraction 0.136 Condensate Final Vol, mL: 0.0

ΔP Temp Velocity ΔP Temp Velocity

Port Point (in. H2O) √ΔP (°F) (VS) Port Point (in. H2O) √ΔP (°F) (VS)

A 01 1.80 1.3416 270 91.37 C 01 1.50 1.2247 273 83.58

A 02 1.90 1.3784 272 94.00 C 02 1.60 1.2649 273 86.32

A 03 2.00 1.4142 272 96.44 C 03 1.50 1.2247 273 83.58

A 04 1.60 1.2649 272 86.26 C 04 1.10 1.0488 271 71.47

B 01 1.40 1.1832 273 80.74 D 01 1.80 1.3416 273 91.56

B 02 1.70 1.3038 273 88.98 D 02 2.10 1.4491 273 98.89

B 03 1.70 1.3038 273 88.98 D 03 1.90 1.3784 273 94.06

B 04 1.20 1.0954 272 74.70 D 04 1.70 1.3038 271 88.85

Method 2 Results Leak Checks:

Average ΔP Pre-Test: Pass

Average Sqrt ΔP Post-Test: Pass

Average Velocity (ft/sec) Moisture Train:
No WAF Applied to this Test Pre-Test: 0.000 CFM @ 5.0 in. Hg

Actual cubic feet per minute (ACFM) Post-Test: 0.000 CFM @ 5.0 in. Hg

Standard cubic feet per minute (SCFM)

Standard cubic feet per hour (SCFH) Comments:

Dry Standard cubic feet per minute (DSCFM)

Dry Standard cubic feet per hour (DSCFH)

Standard conditions of 29.92 in/Hg and 68º F

382355
Primary Energy
Cokenergy Facility

Method 3A, Instrumental

0.84

809,869

HRCC

890APitot ID: 
Stack 201Sample Location:

Pitot:

56,225,856

937,098

1,335,743

87.49

1.2826

1.6563

48,592,143

© 2019 TRC Environmental Corp. 
AM-EMT-05 Rev. 6.4

Revised 04/2/19 

TRC Report 382355 68 of 115



METHOD 2 VOLUMETRIC FLOW DATA

Project No: Operating Level: Mid (Normal)
Company: Run No.: 4
Plant: Start Date: 5/12/2020
Unit ID: End Date: 5/12/2020

Start Time: 09:48
End Time: 09:55

Pitot Coefficient: RM Testers: Rome Rothgeb

Test Parameters   Moisture Determination
Pbar - Barometric pressure, inches Hg 29.28 Method Used: 4
Pg - Stack Pressure, inches of H2O -2.00 Meter Calibration: 0.992
Ps - Absolute stack pressure, inches Hg 29.13 Initial Meter Volume (cf) 33.331

Ts - Average stack temperature, oF 271.8 Final Meter Volume (cf) 56.140
Gas Molecular Weight Method: % CO₂: 5.968 Meter Temperature, deg F: 73.7

% O₂: 11.934 Meter Volume Vm(std): 22.011
% Nitrogen: 82.098 Meter Volume Vw(std): 3.404

Md - dry basis lb/lb mole 29.43 Delta H: 1.90

Ms - wet basis lb/lb mole 27.90 Train Initial Weight, g: 2743.4

Stack Diameter, Feet 18.00 Train Final Weight, g: 2815.6

A - Cross Sectional Area of Stack, Ft2 254.47 Condensate Initial Vol, mL: 0.0

Bws - Moisture content fraction 0.134 Condensate Final Vol, mL: 0.0

ΔP Temp Velocity ΔP Temp Velocity

Port Point (in. H2O) √ΔP (°F) (VS) Port Point (in. H2O) √ΔP (°F) (VS)

A 01 1.70 1.3038 272 88.85 C 01 1.70 1.3038 272 88.85

A 02 1.80 1.3416 272 91.43 C 02 1.50 1.2247 272 83.46

A 03 2.00 1.4142 272 96.37 C 03 1.60 1.2649 272 86.20

A 04 1.60 1.2649 271 86.14 C 04 1.10 1.0488 271 71.42

B 01 1.50 1.2247 272 83.46 D 01 1.70 1.3038 272 88.85

B 02 1.70 1.3038 272 88.85 D 02 2.00 1.4142 272 96.37

B 03 1.70 1.3038 272 88.85 D 03 1.80 1.3416 272 91.43

B 04 1.40 1.1832 271 80.58 D 04 1.70 1.3038 272 88.85

Method 2 Results Leak Checks:

Average ΔP Pre-Test: Pass

Average Sqrt ΔP Post-Test: Pass

Average Velocity (ft/sec) Moisture Train:
No WAF Applied to this Test Pre-Test: 0.000 CFM @ 5.0 in. Hg

Actual cubic feet per minute (ACFM) Post-Test: 0.000 CFM @ 5.0 in. Hg

Standard cubic feet per minute (SCFM)

Standard cubic feet per hour (SCFH) Comments:

Dry Standard cubic feet per minute (DSCFM)

Dry Standard cubic feet per hour (DSCFH)

Standard conditions of 29.92 in/Hg and 68º F

382355
Primary Energy
Cokenergy Facility

Method 3A, Instrumental

0.84

812,811

HRCC

890APitot ID: 
Stack 201Sample Location:

Pitot:

56,311,412

938,524

1,335,944

87.50

1.2841

1.6563

48,768,683
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METHOD 2 VOLUMETRIC FLOW DATA

Project No: Operating Level: Mid (Normal)
Company: Run No.: 5
Plant: Start Date: 5/12/2020
Unit ID: End Date: 5/12/2020

Start Time: 10:21
End Time: 10:28

Pitot Coefficient: RM Testers: Rome Rothgeb

Test Parameters   Moisture Determination
Pbar - Barometric pressure, inches Hg 29.26 Method Used: 4
Pg - Stack Pressure, inches of H2O -2.00 Meter Calibration: 0.992
Ps - Absolute stack pressure, inches Hg 29.11 Initial Meter Volume (cf) 33.331

Ts - Average stack temperature, oF 271.8 Final Meter Volume (cf) 56.140
Gas Molecular Weight Method: % CO₂: 5.857 Meter Temperature, deg F: 73.7

% O₂: 12.130 Meter Volume Vm(std): 21.996
% Nitrogen: 82.013 Meter Volume Vw(std): 3.404

Md - dry basis lb/lb mole 29.42 Delta H: 1.90

Ms - wet basis lb/lb mole 27.89 Train Initial Weight, g: 2743.4

Stack Diameter, Feet 18.00 Train Final Weight, g: 2815.6

A - Cross Sectional Area of Stack, Ft2 254.47 Condensate Initial Vol, mL: 0.0

Bws - Moisture content fraction 0.134 Condensate Final Vol, mL: 0.0

ΔP Temp Velocity ΔP Temp Velocity

Port Point (in. H2O) √ΔP (°F) (VS) Port Point (in. H2O) √ΔP (°F) (VS)

A 01 1.70 1.3038 272 88.90 C 01 1.50 1.2247 272 83.51

A 02 1.80 1.3416 272 91.48 C 02 1.50 1.2247 272 83.51

A 03 1.90 1.3784 272 93.98 C 03 1.40 1.1832 272 80.67

A 04 1.50 1.2247 271 83.45 C 04 0.91 0.9539 271 65.00

B 01 1.50 1.2247 272 83.51 D 01 2.20 1.4832 272 101.13

B 02 1.50 1.2247 272 83.51 D 02 2.00 1.4142 272 96.42

B 03 1.70 1.3038 272 88.90 D 03 1.70 1.3038 272 88.90

B 04 1.30 1.1402 271 77.69 D 04 1.70 1.3038 271 88.84

Method 2 Results Leak Checks:

Average ΔP Pre-Test: Pass

Average Sqrt ΔP Post-Test: Pass

Average Velocity (ft/sec) Moisture Train:
No WAF Applied to this Test Pre-Test: 0.000 CFM @ 5.0 in. Hg

Actual cubic feet per minute (ACFM) Post-Test: 0.000 CFM @ 5.0 in. Hg

Standard cubic feet per minute (SCFM)

Standard cubic feet per hour (SCFH) Comments:

Dry Standard cubic feet per minute (DSCFM)

Dry Standard cubic feet per hour (DSCFH)

Standard conditions of 29.92 in/Hg and 68º F

382355
Primary Energy
Cokenergy Facility

Method 3A, Instrumental

0.84

800,284

HRCC

890APitot ID: 
Stack 201Sample Location:

Pitot:

55,448,592

924,143

1,316,266

86.21

1.2646

1.6131

48,017,059
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METHOD 2 VOLUMETRIC FLOW DATA

Project No: Operating Level: Mid (Normal)
Company: Run No.: 6
Plant: Start Date: 5/12/2020
Unit ID: End Date: 5/12/2020

Start Time: 10:53
End Time: 11:01

Pitot Coefficient: RM Testers: Rome Rothgeb

Test Parameters   Moisture Determination
Pbar - Barometric pressure, inches Hg 29.26 Method Used: 4
Pg - Stack Pressure, inches of H2O -2.00 Meter Calibration: 0.992
Ps - Absolute stack pressure, inches Hg 29.11 Initial Meter Volume (cf) 56.350

Ts - Average stack temperature, oF 271.8 Final Meter Volume (cf) 79.209
Gas Molecular Weight Method: % CO₂: 5.795 Meter Temperature, deg F: 70.5

% O₂: 12.246 Meter Volume Vm(std): 22.177
% Nitrogen: 81.959 Meter Volume Vw(std): 3.277

Md - dry basis lb/lb mole 29.42 Delta H: 1.90

Ms - wet basis lb/lb mole 27.95 Train Initial Weight, g: 2654.6

Stack Diameter, Feet 18.00 Train Final Weight, g: 2724.1

A - Cross Sectional Area of Stack, Ft2 254.47 Condensate Initial Vol, mL: 0.0

Bws - Moisture content fraction 0.129 Condensate Final Vol, mL: 0.0

ΔP Temp Velocity ΔP Temp Velocity

Port Point (in. H2O) √ΔP (°F) (VS) Port Point (in. H2O) √ΔP (°F) (VS)

A 01 1.90 1.3784 272 93.89 C 01 1.30 1.1402 272 77.66

A 02 1.80 1.3416 272 91.38 C 02 1.60 1.2649 272 86.16

A 03 1.80 1.3416 272 91.38 C 03 1.70 1.3038 272 88.81

A 04 1.50 1.2247 271 83.37 C 04 1.40 1.1832 271 80.54

B 01 1.50 1.2247 272 83.42 D 01 1.70 1.3038 272 88.81

B 02 1.60 1.2649 272 86.16 D 02 1.80 1.3416 272 91.38

B 03 1.50 1.2247 272 83.42 D 03 1.90 1.3784 272 93.89

B 04 1.00 1.0000 271 68.07 D 04 1.50 1.2247 271 83.37

Method 2 Results Leak Checks:

Average ΔP Pre-Test: Pass

Average Sqrt ΔP Post-Test: Pass

Average Velocity (ft/sec) Moisture Train:
No WAF Applied to this Test Pre-Test: 0.000 CFM @ 5.0 in. Hg

Actual cubic feet per minute (ACFM) Post-Test: 0.000 CFM @ 5.0 in. Hg

Standard cubic feet per minute (SCFM)

Standard cubic feet per hour (SCFH) Comments:

Dry Standard cubic feet per minute (DSCFM)

Dry Standard cubic feet per hour (DSCFH)

Standard conditions of 29.92 in/Hg and 68º F

382355
Primary Energy
Cokenergy Facility

Method 3A, Instrumental

0.84

800,695

HRCC

890APitot ID: 
Stack 201Sample Location:

Pitot:

55,140,530

919,009

1,308,953

85.73

1.2589

1.5938

48,041,710
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METHOD 2 VOLUMETRIC FLOW DATA

Project No: Operating Level: Mid (Normal)
Company: Run No.: 7
Plant: Start Date: 5/12/2020
Unit ID: End Date: 5/12/2020

Start Time: 11:25
End Time: 11:35

Pitot Coefficient: RM Testers: Rome Rothgeb

Test Parameters   Moisture Determination
Pbar - Barometric pressure, inches Hg 29.26 Method Used: 4
Pg - Stack Pressure, inches of H2O -2.00 Meter Calibration: 0.992
Ps - Absolute stack pressure, inches Hg 29.11 Initial Meter Volume (cf) 56.350

Ts - Average stack temperature, oF 270.9 Final Meter Volume (cf) 79.209
Gas Molecular Weight Method: % CO₂: 5.754 Meter Temperature, deg F: 70.5

% O₂: 12.356 Meter Volume Vm(std): 22.177
% Nitrogen: 81.890 Meter Volume Vw(std): 3.277

Md - dry basis lb/lb mole 29.41 Delta H: 1.90

Ms - wet basis lb/lb mole 27.95 Train Initial Weight, g: 2654.6

Stack Diameter, Feet 18.00 Train Final Weight, g: 2724.1

A - Cross Sectional Area of Stack, Ft2 254.47 Condensate Initial Vol, mL: 0.0

Bws - Moisture content fraction 0.129 Condensate Final Vol, mL: 0.0

ΔP Temp Velocity ΔP Temp Velocity

Port Point (in. H2O) √ΔP (°F) (VS) Port Point (in. H2O) √ΔP (°F) (VS)

A 01 1.50 1.2247 271 83.37 C 01 1.40 1.1832 271 80.54

A 02 1.70 1.3038 271 88.75 C 02 1.40 1.1832 271 80.54

A 03 1.90 1.3784 271 93.83 C 03 1.60 1.2649 271 86.10

A 04 1.70 1.3038 271 88.75 C 04 1.10 1.0488 271 71.39

B 01 1.50 1.2247 271 83.37 D 01 1.80 1.3416 271 91.33

B 02 1.50 1.2247 271 83.37 D 02 1.90 1.3784 271 93.83

B 03 1.60 1.2649 271 86.10 D 03 1.90 1.3784 271 93.83

B 04 1.30 1.1402 271 77.61 D 04 1.70 1.3038 270 88.69

Method 2 Results Leak Checks:

Average ΔP Pre-Test: Pass

Average Sqrt ΔP Post-Test: Pass

Average Velocity (ft/sec) Moisture Train:
No WAF Applied to this Test Pre-Test: 0.000 CFM @ 5.0 in. Hg

Actual cubic feet per minute (ACFM) Post-Test: 0.000 CFM @ 5.0 in. Hg

Standard cubic feet per minute (SCFM)

Standard cubic feet per hour (SCFH) Comments:

Dry Standard cubic feet per minute (DSCFM)

Dry Standard cubic feet per hour (DSCFH)

Standard conditions of 29.92 in/Hg and 68º F

382355
Primary Energy
Cokenergy Facility

Method 3A, Instrumental

0.84

801,415

HRCC

890APitot ID: 
Stack 201Sample Location:

Pitot:

55,190,129

919,835

1,308,676

85.71

1.2592

1.5938

48,084,924
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METHOD 2 VOLUMETRIC FLOW DATA

Project No: Operating Level: Mid (Normal)
Company: Run No.: 8
Plant: Start Date: 5/12/2020
Unit ID: End Date: 5/12/2020

Start Time: 11:57
End Time: 12:04

Pitot Coefficient: RM Testers: Rome Rothgeb

Test Parameters   Moisture Determination
Pbar - Barometric pressure, inches Hg 29.28 Method Used: 4
Pg - Stack Pressure, inches of H2O -2.00 Meter Calibration: 0.992
Ps - Absolute stack pressure, inches Hg 29.13 Initial Meter Volume (cf) 79.409

Ts - Average stack temperature, oF 270.3 Final Meter Volume (cf) 102.230
Gas Molecular Weight Method: % CO₂: 5.590 Meter Temperature, deg F: 70.3

% O₂: 12.637 Meter Volume Vm(std): 22.163
% Nitrogen: 81.773 Meter Volume Vw(std): 3.324

Md - dry basis lb/lb mole 29.40 Delta H: 1.90

Ms - wet basis lb/lb mole 27.91 Train Initial Weight, g: 2697.9

Stack Diameter, Feet 18.00 Train Final Weight, g: 2768.4

A - Cross Sectional Area of Stack, Ft2 254.47 Condensate Initial Vol, mL: 0.0

Bws - Moisture content fraction 0.130 Condensate Final Vol, mL: 0.0

ΔP Temp Velocity ΔP Temp Velocity

Port Point (in. H2O) √ΔP (°F) (VS) Port Point (in. H2O) √ΔP (°F) (VS)

A 01 2.00 1.4142 270 96.22 C 01 1.50 1.2247 271 83.39

A 02 1.80 1.3416 270 91.28 C 02 1.50 1.2247 271 83.39

A 03 1.80 1.3416 271 91.35 C 03 1.60 1.2649 271 86.12

A 04 1.70 1.3038 270 88.71 C 04 1.20 1.0954 269 74.48

B 01 1.50 1.2247 271 83.39 D 01 1.70 1.3038 271 88.77

B 02 1.60 1.2649 271 86.12 D 02 1.70 1.3038 271 88.77

B 03 1.50 1.2247 270 83.33 D 03 2.00 1.4142 271 96.29

B 04 1.00 1.0000 267 67.90 D 04 1.50 1.2247 270 83.33

Method 2 Results Leak Checks:

Average ΔP Pre-Test: Pass

Average Sqrt ΔP Post-Test: Pass

Average Velocity (ft/sec) Moisture Train:
No WAF Applied to this Test Pre-Test: 0.000 CFM @ 5.0 in. Hg

Actual cubic feet per minute (ACFM) Post-Test: 0.000 CFM @ 5.0 in. Hg

Standard cubic feet per minute (SCFM)

Standard cubic feet per hour (SCFH) Comments:

Dry Standard cubic feet per minute (DSCFM)

Dry Standard cubic feet per hour (DSCFH)

Standard conditions of 29.92 in/Hg and 68º F

382355
Primary Energy
Cokenergy Facility

Method 3A, Instrumental

0.84

801,918

HRCC

890APitot ID: 
Stack 201Sample Location:

Pitot:

55,331,418

922,190

1,310,004

85.80

1.2608

1.6000

48,115,083
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METHOD 2 VOLUMETRIC FLOW DATA

Project No: Operating Level: Mid (Normal)
Company: Run No.: 9
Plant: Start Date: 5/12/2020
Unit ID: End Date: 5/12/2020

Start Time: 12:30
End Time: 12:39

Pitot Coefficient: RM Testers: Rome Rothgeb

Test Parameters   Moisture Determination
Pbar - Barometric pressure, inches Hg 29.26 Method Used: 4
Pg - Stack Pressure, inches of H2O -2.00 Meter Calibration: 0.992
Ps - Absolute stack pressure, inches Hg 29.11 Initial Meter Volume (cf) 79.409

Ts - Average stack temperature, oF 269.7 Final Meter Volume (cf) 102.230
Gas Molecular Weight Method: % CO₂: 5.518 Meter Temperature, deg F: 70.3

% O₂: 12.749 Meter Volume Vm(std): 22.148
% Nitrogen: 81.733 Meter Volume Vw(std): 3.324

Md - dry basis lb/lb mole 29.39 Delta H: 1.90

Ms - wet basis lb/lb mole 27.91 Train Initial Weight, g: 2697.9

Stack Diameter, Feet 18.00 Train Final Weight, g: 2768.4

A - Cross Sectional Area of Stack, Ft2 254.47 Condensate Initial Vol, mL: 0.0

Bws - Moisture content fraction 0.130 Condensate Final Vol, mL: 0.0

ΔP Temp Velocity ΔP Temp Velocity

Port Point (in. H2O) √ΔP (°F) (VS) Port Point (in. H2O) √ΔP (°F) (VS)

A 01 1.70 1.3038 270 88.75 C 01 1.40 1.1832 270 80.54

A 02 1.80 1.3416 270 91.33 C 02 1.50 1.2247 270 83.37

A 03 2.10 1.4491 270 98.64 C 03 1.50 1.2247 270 83.37

A 04 1.40 1.1832 269 80.49 C 04 1.10 1.0488 269 71.34

B 01 1.50 1.2247 270 83.37 D 01 1.80 1.3416 270 91.33

B 02 1.50 1.2247 270 83.37 D 02 1.90 1.3784 270 93.83

B 03 1.70 1.3038 270 88.75 D 03 2.00 1.4142 270 96.27

B 04 1.30 1.1402 269 77.56 D 04 1.50 1.2247 268 83.26

Method 2 Results Leak Checks:

Average ΔP Pre-Test: Pass

Average Sqrt ΔP Post-Test: Pass

Average Velocity (ft/sec) Moisture Train:
No WAF Applied to this Test Pre-Test: 0.000 CFM @ 5.0 in. Hg

Actual cubic feet per minute (ACFM) Post-Test: 0.000 CFM @ 5.0 in. Hg

Standard cubic feet per minute (SCFM)

Standard cubic feet per hour (SCFH) Comments:

Dry Standard cubic feet per minute (DSCFM)

Dry Standard cubic feet per hour (DSCFH)

Standard conditions of 29.92 in/Hg and 68º F

382355
Primary Energy
Cokenergy Facility

Method 3A, Instrumental

1.2632

1.6063

803,591

HRCC

890A
0.84

Pitot ID: 
Stack 201Sample Location:

Pitot:

1,312,632

85.97

55,451,793

924,197

48,215,481
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METHOD 2 VOLUMETRIC FLOW DATA

Project No: Operating Level: Mid (Normal)
Company: Run No.: 10
Plant: Start Date: 5/12/2020
Unit ID: End Date: 5/12/2020

Start Time: 13:03
End Time: 13:09

Pitot Coefficient: RM Testers: Rome Rothgeb

Test Parameters   Moisture Determination
Pbar - Barometric pressure, inches Hg 29.28 Method Used: 4
Pg - Stack Pressure, inches of H2O -2.00 Meter Calibration: 0.992
Ps - Absolute stack pressure, inches Hg 29.13 Initial Meter Volume (cf) 2.454

Ts - Average stack temperature, oF 269.8 Final Meter Volume (cf) 25.216
Gas Molecular Weight Method: % CO₂: 5.506 Meter Temperature, deg F: 69.4

% O₂: 12.765 Meter Volume Vm(std): 22.144
% Nitrogen: 81.729 Meter Volume Vw(std): 3.272

Md - dry basis lb/lb mole 29.39 Delta H: 1.90

Ms - wet basis lb/lb mole 27.92 Train Initial Weight, g: 2661.8

Stack Diameter, Feet 18.00 Train Final Weight, g: 2731.2

A - Cross Sectional Area of Stack, Ft2 254.47 Condensate Initial Vol, mL: 0.0

Bws - Moisture content fraction 0.129 Condensate Final Vol, mL: 0.0

ΔP Temp Velocity ΔP Temp Velocity

Port Point (in. H2O) √ΔP (°F) (VS) Port Point (in. H2O) √ΔP (°F) (VS)

A 01 2.10 1.4491 270 98.58 C 01 1.50 1.2247 270 83.31

A 02 1.80 1.3416 270 91.26 C 02 1.50 1.2247 270 83.31

A 03 1.90 1.3784 270 93.77 C 03 1.40 1.1832 270 80.49

A 04 1.50 1.2247 270 83.31 C 04 1.30 1.1402 269 77.51

B 01 1.40 1.1832 270 80.49 D 01 1.90 1.3784 270 93.77

B 02 1.40 1.1832 270 80.49 D 02 1.90 1.3784 270 93.77

B 03 1.60 1.2649 270 86.05 D 03 2.00 1.4142 270 96.20

B 04 1.40 1.1832 269 80.43 D 04 1.50 1.2247 269 83.26

Method 2 Results Leak Checks:

Average ΔP Pre-Test: Pass

Average Sqrt ΔP Post-Test: Pass

Average Velocity (ft/sec) Moisture Train:
No WAF Applied to this Test Pre-Test: 0.000 CFM @ 5.0 in. Hg

Actual cubic feet per minute (ACFM) Post-Test: 0.000 CFM @ 5.0 in. Hg

Standard cubic feet per minute (SCFM)

Standard cubic feet per hour (SCFH) Comments:

Dry Standard cubic feet per minute (DSCFM)

Dry Standard cubic feet per hour (DSCFH)

Standard conditions of 29.92 in/Hg and 68º F

382355
Primary Energy
Cokenergy Facility

Method 3A, Instrumental

1.2736

1.6313

811,729

HRCC

890A
0.84

Pitot ID: 
Stack 201Sample Location:

Pitot:

1,322,578

86.62

55,900,791

931,680

48,703,739
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Company: Project #:

Plant: Test Method:

Unit ID: Test Run #:

Location: Test Date(s):

> 50% Load 29.28 -2.00

0.000 @ 5"

Port & Impinger 

Point Clock Volume Pressure Inlet Outlet Vacuum Outlet Stack 0.000 @ 5"

ID  Time Cubic Feet ("H2O) (oF) (oF) ("Hg) (oF) (oF)

7:45:00 85.088 1.90 70.0 70.0 1.0 61.0

7:50:00 88.910 1.90 68.0 68.0 1.0 51.0 Impinger Tare wt.

7:55:00 92.700 1.90 66.0 67.0 1.0 52.0 ID (grams)

8:00:00 96.490 1.90 67.0 67.0 1.0 54.0 717.0

8:05:00 100.300 1.90 69.0 66.0 1.0 56.0 692.9

8:10:00 104.080 1.90 70.0 66.0 1.0 57.0 559.0

8:15:00 107.871 771.6

Net:

O2

11.700

Average: 11.700

Net Volume: 22.783

Average: 1.90 55.2

250Probe Temp. °F

Cokenergy Facility 4 Console ID: E26

HRCC 1 Meter Y : 0.992

Stack 201 5/12/2020 Orifice ΔH@i: 1.808

Moisture Test Run Data

Primary Energy 382355 Console Operator: Rome Rothgeb

Unit Operating Mode: Barometric Pressure ("Hg): Static Pressure ("H2O):

Dry Gas Meter Pre Leak Check:

Moisture Data

Final wt.

(grams)

776.7

Post Leak Check:

702.0

559.8

777.5

67.8

75.5

Gas Analysis (%v/v dry)

CO2

6.059

6.059

©2019 TRC Environmental Corp. 
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Company: Project #:

Plant: Test Method:

Unit ID: Test Run #:

Location: Test Date(s):

> 50% Load 29.28 -2.00

0.000 @ 5"

Port & Impinger 

Point Clock Volume Pressure Inlet Outlet Vacuum Outlet Stack 0.000 @ 5"

ID  Time Cubic Feet ("H2O) (oF) (oF) ("Hg) (oF) (oF)

8:35:00 8.280 1.90 69.0 68.0 1.0 64.0

8:40:00 12.090 1.90 72.0 68.0 1.0 57.0 Impinger Tare wt.

8:45:00 15.890 1.90 73.0 69.0 1.0 56.0 ID (grams)

8:50:00 19.690 1.90 73.0 69.0 1.0 56.0 645.4

8:55:00 23.500 1.90 74.0 69.0 1.0 57.0 702.0

9:00:00 27.320 1.90 75.0 70.0 1.0 59.0 559.8

9:05:00 31.124 762.4

Net:

O2

11.840

11.920

Average: 11.880

Net Volume: 22.844

Average: 1.90 58.2

Probe Temp. °F 250

Cokenergy Facility 4 Console ID: E26

HRCC 2 Meter Y : 0.992

Stack 201 5/12/2020 Orifice ΔH@i: 1.808

Moisture Test Run Data

Primary Energy 382355 Console Operator: Rome Rothgeb

Unit Operating Mode: Barometric Pressure ("Hg): Static Pressure ("H2O):

Dry Gas Meter Pre Leak Check:

Moisture Data

Final wt.

(grams)

702.5

Post Leak Check:

711.2

561.3

768.4

70.8

73.8

Gas Analysis (%v/v dry)

CO2

6.011

5.981

5.996

©2019 TRC Environmental Corp. 
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Company: Project #:

Plant: Test Method:

Unit ID: Test Run #:

Location: Test Date(s):

> 50% Load 29.26 -2.00

0.000 @ 5"

Port & Impinger 

Point Clock Volume Pressure Inlet Outlet Vacuum Outlet Stack 0.000 @ 5"

ID  Time Cubic Feet ("H2O) (oF) (oF) ("Hg) (oF) (oF)

9:40:00 33.331 1.90 73.0 73.0 1.0 63.0

9:45:00 37.100 1.90 73.0 72.0 1.0 57.0 Impinger Tare wt.

9:50:00 40.930 1.90 75.0 72.0 1.0 57.0 ID (grams)

9:55:00 44.720 1.90 76.0 73.0 1.0 56.0 702.5

10:00:00 48.500 1.90 76.0 72.0 1.0 56.0 711.2

10:05:00 52.410 1.90 77.0 72.0 1.0 57.0 561.3

10:10:00 56.140 768.4

Net:

O2

11.934

12.130

Average: 12.032

Net Volume: 22.809

Average: 1.90 57.7

Probe Temp. °F 250

Cokenergy Facility 4 Console ID: E26

HRCC 3 Meter Y : 0.992

Stack 201 5/12/2020 Orifice ΔH@i: 1.808

Moisture Test Run Data

Primary Energy 382355 Console Operator: Rome Rothgeb

Unit Operating Mode: Barometric Pressure ("Hg): Static Pressure ("H2O):

Dry Gas Meter Pre Leak Check:

Moisture Data

Final wt.

(grams)

760.5

Post Leak Check:

719.1

563.0

773.0

73.7

72.2

Gas Analysis (%v/v dry)

CO2

5.968

5.857

5.913

©2019 TRC Environmental Corp. 
AM-EMT-59 Rev. 10.3

4/22/2019 

TRC Report 382355 79 of 115



Company: Project #:

Plant: Test Method:

Unit ID: Test Run #:

Location: Test Date(s):

> 50% Load 29.26 -2.00

0.000 @ 5"

Port & Impinger 

Point Clock Volume Pressure Inlet Outlet Vacuum Outlet Stack 0.000 @ 5"

ID  Time Cubic Feet ("H2O) (oF) (oF) ("Hg) (oF) (oF)

10:50:00 56.350 1.90 71.0 70.0 1.0 64.0

10:55:00 60.140 1.90 70.0 70.0 1.0 55.0 Impinger Tare wt.

11:00:00 63.940 1.90 72.0 71.0 1.0 56.0 ID (grams)

11:05:00 67.740 1.90 71.0 69.0 1.0 55.0 658.6

11:10:00 71.580 1.90 71.0 69.0 1.0 57.0 660.0

11:15:00 75.400 1.90 73.0 69.0 1.0 58.0 563.0

11:20:00 79.209 773.0

Net:

O2

12.246

12.356

Average: 12.301

Net Volume: 22.859

Average: 1.90 57.5

Probe Temp. °F 250

Cokenergy Facility 4 Console ID: E26

HRCC 4 Meter Y : 0.992

Stack 201 5/12/2020 Orifice ΔH@i: 1.808

Moisture Test Run Data

Primary Energy 382355 Console Operator: Rome Rothgeb

Unit Operating Mode: Barometric Pressure ("Hg): Static Pressure ("H2O):

Dry Gas Meter Pre Leak Check:

Moisture Data

Final wt.

(grams)

715.3

Post Leak Check:

667.3

563.6

777.9

70.5

69.5

Gas Analysis (%v/v dry)

CO2

5.795

5.754

5.775
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Company: Project #:

Plant: Test Method:

Unit ID: Test Run #:

Location: Test Date(s):

> 50% Load 29.28 -2.00

0.000 @ 5"

Port & Impinger 

Point Clock Volume Pressure Inlet Outlet Vacuum Outlet Stack 0.000 @ 5"

ID  Time Cubic Feet ("H2O) (oF) (oF) ("Hg) (oF) (oF)

11:45:00 79.409 1.90 70.0 71.0 1.0 60.0

11:50:00 83.220 1.90 70.0 70.0 1.0 55.0 Impinger Tare wt.

11:55:00 87.020 1.90 70.0 70.0 1.0 54.0 ID (grams)

12:00:00 90.840 1.90 71.0 69.0 1.0 55.0 715.3

12:05:00 94.630 1.90 72.0 69.0 1.0 58.0 667.3

12:10:00 98.440 1.90 73.0 69.0 1.0 59.0 563.6

12:15:00 102.230 751.7

Net:

O2

12.637

12.749

Average: 12.693

Net Volume: 22.821

Average: 1.90 56.8

250Probe Temp. °F

Cokenergy Facility 4 Console ID: E26

HRCC 5 Meter Y : 0.992

Stack 201 5/12/2020 Orifice ΔH@i: 1.808

Moisture Test Run Data

Primary Energy 382355 Console Operator: Rome Rothgeb

Unit Operating Mode: Barometric Pressure ("Hg): Static Pressure ("H2O):

Dry Gas Meter Pre Leak Check:

Moisture Data

Final wt.

(grams)

770.8

Post Leak Check:

674.6

565.0

758.0

70.3

70.5

Gas Analysis (%v/v dry)

CO2

5.590

5.518

5.554
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Company: Project #:

Plant: Test Method:

Unit ID: Test Run #:

Location: Test Date(s):

> 50% Load 29.26 -2.00

0.000 @ 5"

Port & Impinger 

Point Clock Volume Pressure Inlet Outlet Vacuum Outlet Stack 0.000 @ 5"

ID  Time Cubic Feet ("H2O) (oF) (oF) ("Hg) (oF) (oF)

12:45:00 2.454 1.90 69.0 69.0 1.0 65.0

12:50:00 6.250 1.90 68.0 68.0 1.0 58.0 Impinger Tare wt.

12:55:00 10.030 1.90 70.0 68.0 1.0 58.0 ID (grams)

13:00:00 13.810 1.90 71.0 68.0 1.0 60.0 664.2

13:05:00 17.600 1.90 72.0 68.0 1.0 62.0 674.6

13:10:00 21.420 1.90 73.0 69.0 1.0 61.0 565.0

13:15:00 25.216 758.0

Net:

O2

12.765

Average: 12.765

Net Volume: 22.762

Average: 1.90 60.7

Probe Temp. °F 250

Cokenergy Facility 4 Console ID: E26

HRCC 6 Meter Y : 0.992

Stack 201 5/12/2020 Orifice ΔH@i: 1.808

Moisture Test Run Data

Primary Energy 382355 Console Operator: Rome Rothgeb

Unit Operating Mode: Barometric Pressure ("Hg): Static Pressure ("H2O):

Dry Gas Meter Pre Leak Check:

Moisture Data

Final wt.

(grams)

718.0

Post Leak Check:

682.9

566.8

763.5

69.4

69.4

Gas Analysis (%v/v dry)

CO2

5.506

5.506
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Pre Test Temperature Indicator Calibration
(For K-Type Thermocouples)

Date: 01-10-2018

Name:

Control Module Number: E-26

Ambient Temperature: 73 oF

Reference std. thermocouple calibrator: Omega Engineering, Inc. Model No. CL23A *
Reference std. thermocouple calibrator serial number:
Date of reference std. calibration verification:
Due date of reference std. calibration verification:

* Reference std. is directly traceable to NIST (National Institute of Standards and Technology)

0.1

0
600
1200

1
600
1199

L. Campo

0.2
0.0

Reference Thermometer             
(oF)

Thermometer Under Test                 
(oF)

Temperature Difference              
(%)

T-236796
6/1/2017
6/1/2018

©2014 TRC Environmental Corp. 
AM-CAL-04 Rev. 11

5/20/14
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Analyst:

Date:

Project Number:

Client:

Test Location:

Calibration Tools:

Item ID# S/N Calibration Due Date

Digital Caliper DG004 -- 3/19/2021

Thermometer TH004 91221470 3/19/2021

Barometer BA004 150494724 9/17/2020

Calibration Weight W100-004 2345 3/19/2021

Calibration Weight A W500-004A 9079 3/19/2021

Calibration Weight B W500-004B 9083 3/19/2021

Type A Angle Finder AF004 -- 3/19/2021

Plastic/Magnetic Torpedo Level -- --

Field Calibration Tool Identification

Include all of the tools from the field calibration kit that you will be using on 
this project. (See SOP AM-CAL-025 for instructions on re-verification)

Rome Rothgeb

5/11/2020

382355

Primary Energy

HRCC Stack 201

© 2018 TRC Environmental Corp.
AM-EMT-52 Rev. 15

Revised 5/1/19
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Analyst:

Date:

Project Number:

Client:

Test Location:

 (See SOP AM-CAL-005 for instructions)

Procedure 1: Calibrate thermocouple against a reference thermometer.

Procedure 2: Check the response of the thermocouple to a change in temperature.

Measurement T/C Temp, oF

NIST 
Thermometer 

Temp, oF

Difference, oF 
(± 2)

Continuity 
Check

Overall 
Status

Stack 55 55.3 0.3 Pass Pass

Filter

Impinger Exit 55 56.3 1.3 Pass Pass

Meter in 56 55.8 0.2 Pass Pass

Meter Out 55 55.1 0.1 Pass Pass

Probe 55 55.4 0.4 Pass Pass

Other

Other

Notes:

5/11/2020

382355

HRCC Stack 201

Primary Energy

Pre-Test Thermocouple Calibration Checks 

Rome Rothgeb

NIST Thermometer ID # TH004

After each test run series, check the accuracy (and, hence, the calibration) of each thermocouple 
system at ambient temperature, or any other temperature, within the range specified by the 
manufacturer, using a reference thermometer.

Check the "continuity" of the thermocouple by subjecting it to a change in temperature (e.g., 
removing it from the stack or touching an ice cube). This step will also check for loose 
connections and reversed connections.

Console/Meter Box ID #

Test Location/Measurement Point Info:

E26

HRCC Stack 201

Probe ID# 890

© 2019 TRC Environmental Corp.
AM-EMT-52 Rev. 15

Revised 5/1/19
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Analyst:

Date:

Project Number:

Client:

Test Location:

 (See SOP AM-CAL-005 for instructions)

Procedure 1: Calibrate thermocouple against a reference thermometer.

Procedure 2: Check the response of the thermocouple to a change in temperature.

Measurement T/C Temp, oF

NIST 
Thermometer 

Temp, oF

Difference, oF 
(± 2)

Continuity 
Check

Overall 
Status

Stack 68 68.4 0.4 Pass Pass

Filter

Impinger Exit 68 68.8 0.8 Pass Pass

Meter in 69 68.7 0.3 Pass Pass

Meter Out 68 68.3 0.3 Pass Pass

Probe 68 68.5 0.5 Pass Pass

Other

Other

Notes:

Post-Test Thermocouple Calibration Checks 

Rome Rothgeb

5/12/2020

382355

HRCC Stack 201

Primary Energy

Console/Meter Box ID #

Test Location/Measurement Point Info:

E26

HRCC Stack 201

Probe ID# 890

NIST Thermometer ID # TH004

After each test run series, check the accuracy (and, hence, the calibration) of each thermocouple 
system at ambient temperature, or any other temperature, within the range specified by the 
manufacturer, using a reference thermometer.

Check the "continuity" of the thermocouple by subjecting it to a change in temperature (e.g., 
removing it from the stack or touching an ice cube). This step will also check for loose 
connections and reversed connections.

© 2019 TRC Environmental Corp.
AM-EMT-52 Rev. 15

Revised 5/1/19
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Type S Pitot tube face openings meet alignment specifications illustrated in Figures 2-2 and 2-3 of Method 2?

x yes no

Comments:

Project Number:

890 5/11/2020 Rome Rothgeb

Client: Test Location:382355 Primary Energy HRCC Stack 201

    PRE-TEST TYPE S PITOT TUBE INSPECTION
(See SOP AM-CAL-006 for Instructions)

Analyst:Date:Pitot Tube No. :

© 2019 TRC Environmental Corp.
AM-EMT-52 Rev. 15

Revised 5/1/19
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Type S Pitot tube face openings meet alignment specifications illustrated in Figures 2-2 and 2-3 of Method 2?

x yes no

Comments:

HRCC Stack 201

    POST-TEST TYPE S PITOT TUBE INSPECTION
(See SOP AM-CAL-006 for Instructions)

Pitot Tube No. : 890 Date: 5/12/2020 Analyst: Rome Rothgeb

Project Number: 382355 Client: Primary Energy Test Location:

© 2019 TRC Environmental Corp.
AM-EMT-52 Rev. 15

Revised 5/1/19
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Analyst:

Date:

Project Number:

Test Location:

EPA Probe Configuration:

Pitot Assembly Intercomponent Spacings Meet Requirements x Yes No

(See SOP AM-CAL-006 for Instructions)

 

PRE-TEST PITOT TUBE ASSEMBLY INSPECTION

Method 2

Rome Rothgeb

5/11/2020

382355

HRCC Stack 201

Configuration A
Configuration B

Requirements
Dt = ≥ 3/16" to ≤ 3/8"
W = ≥ 3 inches
Z = ≥ 0.75 inches

Requirements
Dt = ≥ 3/16" to ≤ 3/8"
W = ≥ 2 inches

Requirements
Dt = ≥ 3/16" to ≤ 3/8"

Requirements
Dt = ≥ 3/16" to ≤ 3/8"
X = ≥ 0.75 inches

Requirements

a = ≥ 0 inches

© 2019 TRC Environmental Corp.
AM-EMT-52 Rev. 15

Revised 5/1/19
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Analyst:

Date:

Project Number:

Test Location:

EPA Probe Configuration:

Pitot Assembly Intercomponent Spacings Meet Requirements x Yes No

(See SOP AM-CAL-006 for Instructions)

 

POST-TEST PITOT TUBE ASSEMBLY INSPECTION

Method 2

Rome Rothgeb

5/12/2020

382355

HRCC Stack 201

Configuration A
Configuration B

Requirements
Dt = ≥ 3/16" to ≤ 3/8"
W = ≥ 3 inches
Z = ≥ 0.75 inches

Requirements
Dt = ≥ 3/16" to ≤ 3/8"
W = ≥ 2 inches

Requirements
Dt = ≥ 3/16" to ≤ 3/8"

Requirements
Dt = ≥ 3/16" to ≤ 3/8"
X = ≥ 0.75 inches

Requirements

a = ≥ 0 inches

© 2019 TRC Environmental Corp.
AM-EMT-52 Rev. 15

Revised 5/1/19
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Analyst:

Project Number:

Client:

Test Location:

(See SOP AM-CAL-009 for instructions)

Type of Scale

Scale ID#

0.5

Date
Reference 

Weight Serial 
Number

Nominal 
Weight Value* 

(g)

Weight Found   
(g)

Difference Pass

5/11/2020 9079 500.0 500.0 0.0 YES

5/12/2020 9079 500.0 500.0 0.0 YES

*Weight (ASTM Class 6 or better) must be at least 500 g or within 50 g of loaded impinger.

Lab Top-loading Scale

3

Tolerance (g) = +/-

Top Loading Field Balance Check 

Rome Rothgeb

382355

Primary Energy

HRCC Stack 201

© 2019 TRC Environmental Corp.
AM-EMT-52 Rev. 15

Revised 5/1/19
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Primary Energy Cokenergy 2020 May 12
Response Time                           
Date/Time:   5/12/2020 6:55:07

                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
Response Time Results                                                      
Analyte:     SO2          CO2          O2         
Units:       ppmvd          % dry          % dry         
Span:        452.600          17.720          22.260         
Range:       500          25          25         
Method:      EPA 7E          EPA 7E EPA 7E         
                                                                  
Upscale Lvl: 189.134          8.325          9.524         
Dnscale Lvl: 22.630          0.886          1.113         
                                                                  
Upscale (s): 1:46          1:05          1:06         
Dnscale (s): 1:40          1:04          1:04         
              Upscale Dnscale Upscale Dnscale Upscale Dnscale

              4.956 192.581 0.075 8.800 0.025 10.025

              4.956 192.581 0.075 8.800 0.025 10.025

              4.956 192.581 0.075 8.800 0.025 10.025

              4.956 192.581 0.075 8.800 0.025 10.025

              4.956 192.581 0.075 8.800 0.025 10.025

              4.956 192.581 0.075 8.800 0.025 10.025

              4.455 192.581 0.075 8.800 0.025 10.025

              4.455 192.581 0.075 8.800 0.025 10.025

              4.455 192.581 0.075 8.800 0.025 10.025

              4.455 194.083 0.075 8.800 0.025 10.025

              4.455 194.083 0.075 8.800 0.025 10.025

              4.455 194.083 0.075 8.800 0.025 10.025

              4.455 194.083 0.075 8.800 0.025 10.025

              4.455 194.083 0.075 8.800 0.025 10.025

              4.455 194.083 0.075 8.800 0.025 10.025

              4.455 194.083 0.075 8.800 0.025 10.025

              4.005 194.083 0.075 8.800 0.025 10.025

              4.005 194.083 0.075 8.823 0.025 10.025

              4.005 194.083 0.075 8.802 0.025 10.025

              4.005 196.586 0.075 8.800 0.025 10.025

              4.005 196.586 0.075 8.800 0.025 10.025

              4.005 196.586 0.075 8.823 0.025 10.025

              4.005 196.586 0.075 8.825 0.025 10.025

              4.005 196.586 0.075 8.802 0.025 10.025

              4.005 196.586 0.075 8.800 0.025 10.025

              4.005 196.586 0.075 8.823 0.025 10.025

              3.955 196.586 0.075 8.825 0.025 10.025

              4.005 196.586 0.075 8.825 0.025 10.025

              4.005 196.586 0.075 8.825 0.025 10.025

              4.005 197.587 0.075 8.825 0.025 10.025

              4.005 197.587 0.075 8.825 0.025 10.025

              4.005 197.587 0.075 8.825 0.025 10.025

              4.005 197.587 0.075 8.825 0.025 10.025
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Primary Energy Cokenergy 2020 May 12
Response Time                           
Date/Time:   5/12/2020 6:55:07

                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
Response Time Results                                                      
Analyte:     SO2          CO2          O2         
Units:       ppmvd          % dry          % dry         
Span:        452.600          17.720          22.260         
Range:       500          25          25         
Method:      EPA 7E          EPA 7E EPA 7E         
                                                                  
Upscale Lvl: 189.134          8.325          9.524         
Dnscale Lvl: 22.630          0.886          1.113         
                                                                  
Upscale (s): 1:46          1:05          1:06         
Dnscale (s): 1:40          1:04          1:04         
              Upscale Dnscale Upscale Dnscale Upscale Dnscale

              4.005 197.587 0.075 8.825 0.025 10.043

              3.955 197.587 0.075 8.825 0.025 10.050

              3.955 197.587 0.075 8.825 0.025 10.050

              3.454 197.587 0.075 8.825 0.025 10.050

              3.454 197.587 0.075 8.825 0.025 10.050

              3.454 197.587 0.075 8.825 0.025 10.050

              3.454 198.088 0.075 8.825 0.025 10.050

              3.504 198.088 0.075 8.825 0.025 10.050

              3.454 198.088 0.075 8.825 0.025 10.050

              3.504 198.088 0.075 8.825 0.025 10.050

              3.454 198.088 0.075 8.825 0.025 10.050

              3.454 198.088 0.075 8.825 0.025 10.050

              3.454 198.088 0.075 8.825 0.025 10.050

              3.454 198.088 0.075 8.825 0.025 10.050

              3.454 198.088 0.075 8.825 0.025 10.050

              3.454 198.088 0.075 8.825 0.025 10.050

              3.454 199.089 0.075 8.825 0.025 10.050

              3.454 199.089 0.075 8.825 0.025 10.050

              3.454 199.089 0.075 8.825 0.025 10.050

              3.454 199.089 0.075 8.825 0.025 10.050

              3.454 199.089 0.075 8.825 0.025 10.050

              3.454 199.089 0.075 8.825 0.025 10.050

              3.454 199.089 0.075 8.825 0.046 10.029

              3.454 199.089 0.167 8.665 0.154 9.817

              3.454 199.089 0.565 7.940 0.931 9.046

              3.454 199.089 1.860 6.225 2.646 7.567

              3.454 198.088 3.854 4.196 4.808 5.550

              3.454 198.088 5.698 2.558 6.508 3.658

              3.454 198.088 6.973 1.577 7.671 2.287

              3.454 198.088 7.648 1.019 8.412 1.429

              3.454 198.088 8.021 0.746 8.900 0.925

              3.454 198.088 8.210          9.246         
              3.454 198.088 8.363          9.488         
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Primary Energy Cokenergy 2020 May 12
Response Time                           
Date/Time:   5/12/2020 6:55:07

                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
Response Time Results                                                      
Analyte:     SO2          CO2          O2         
Units:       ppmvd          % dry          % dry         
Span:        452.600          17.720          22.260         
Range:       500          25          25         
Method:      EPA 7E          EPA 7E EPA 7E         
                                                                  
Upscale Lvl: 189.134          8.325          9.524         
Dnscale Lvl: 22.630          0.886          1.113         
                                                                  
Upscale (s): 1:46          1:05          1:06         
Dnscale (s): 1:40          1:04          1:04         
              Upscale Dnscale Upscale Dnscale Upscale Dnscale

              36.994 198.088                   9.650         
              36.994 198.088                                    
              36.994 198.088                                    
              36.994 150.581                                    
              36.994 150.581                                    
              36.994 150.581                                    
              36.994 150.581                                    
              36.994 150.581                                    
              36.994 150.581                                    
              36.994 150.581                                    
              111.534 150.581                                    
              111.534 150.581                                    
              111.534 150.581                                    
              111.534 73.538                                    
              111.534 73.538                                    
              111.534 73.538                                    
              111.534 73.538                                    
              111.534 73.538                                    
              111.534 73.538                                    
              111.534 73.538                                    
              165.549 73.538                                    
              165.549 73.538                                    
              165.549 73.538                                    
              165.549 32.990                                    
              165.549 32.990                                    
              165.549 32.990                                    
              165.549 32.990                                    
              165.549 32.990                                    
              165.549 32.990                                    
              165.549 32.990                                    
              183.070 32.990                                    
              183.070 32.990                                    
              183.070 32.990                                    
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Primary Energy Cokenergy 2020 May 12
Response Time                           
Date/Time:   5/12/2020 6:55:07

                                      
Operator:    Gavin Lewis 
Plant:       Primary Energy Cokenergy
Location:    Stack       
Source ID:   HRCC Stack 201
                         
Response Time Results                                                      
Analyte:     SO2          CO2          O2         
Units:       ppmvd          % dry          % dry         
Span:        452.600          17.720          22.260         
Range:       500          25          25         
Method:      EPA 7E          EPA 7E EPA 7E         
                                                                  
Upscale Lvl: 189.134          8.325          9.524         
Dnscale Lvl: 22.630          0.886          1.113         
                                                                  
Upscale (s): 1:46          1:05          1:06         
Dnscale (s): 1:40          1:04          1:04         
              Upscale Dnscale Upscale Dnscale Upscale Dnscale

              183.070 19.974                                    
              183.070                                             
              183.070                                             
              183.070                                             
              183.070                                             
              183.070                                             
              183.070                                             
              189.577                                             
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© Copyright 2013 TRC Environmental Corp.  Form 1091SO2 Revised 2-12-2013 

ANALYZER INTERFERENCE RESPONSE TEST 
 

 
USEPA Reference Method: _____6C______ Analyzer Type: _______SO2_____ 
 
 
Analyzer Manufacturer: _____TECO______ Model Number: ______43C______ 
 
 
Date of Test: ______2/23/2007_______________ 

 
 
Test 
No. Time 

SO2 ppm (wet) Percent 
Difference Method 6C Method 6 

1 1713-1743 92.73 92.02 0.77 

2 1752-1822 214.16 209.55 2.20 

3 1919-1949 734.74 735.69 -0.13 

Total Percent Difference 2.84 
 
Total percent difference allowable is ≤ 7%. 
 
Detailed interference response test data is maintained on file and is available 
upon request. 
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© Copyright 2013 TRC Environmental Corp.  Form 1091 Revised 2-12-2013 

ANALYZER INTERFERENCE RESPONSE TEST 
 

 
USEPA Reference Method: _____3A_____ Analyzer Type: _______CO2_____ 
 
 
Analyzer Manufacturer: ___Servomex____ Model Number: ______1440______ 
 

 
Analyzer Span: _____0-20%_____ 

 
 
Test Performed by: ____D. Grabowski____ Date: ______1/23/1998_________ 
 
 

Interference Gas 
Interference Gas 

Concentration 

Affect of Interference Gas on 
Analyzer 

Analyzer 
Response, ppm 

Percent of 
Span 

NOx 498.0 ppm -0.02 -0.10 

SO2 208.9 ppm -0.02 -0.10 

CO 450.7 ppm -0.02 -0.10 

CO2 10.06% -- -- 

O2 22.5% -0.02 -0.10 

Total Response (sum) -0.04 -0.40 
 
Total affect on analyzer reading must be < 2% of analyzer span. 
 
Detailed interference response test data is maintained on file and is available 
upon request. 
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ANALYZER INTERFERENCE RESPONSE TEST 
 

 
USEPA Reference Method: _____3A_____ Analyzer Type: _______O2______ 
 
 
Analyzer Manufacturer: _____Servomex__ Model Number: ______1440______ 
 

 
Analyzer Span: _____0-25%_____ 

 
 
Test Performed by: _____D. Grabowski____ Date: _______1/23/1998_______ 
 
 

Interference Gas 
Interference Gas 

Concentration 

Affect of Interference Gas on 
Analyzer 

Analyzer 
Response, ppm 

Percent of 
Span 

NOx 498.0 ppm 0.02 0.08 

SO2 208.9 ppm 0.02 0.08 

CO 450.7 ppm 0.00 0.00 

CO2 10.06% 0.00 0.00 

O2 22.5% -- -- 

Total Response (sum) 0.04 0.16 
 
Total affect on analyzer reading must be < 2% of analyzer span. 
 
Detailed interference response test data is maintained on file and is available 
upon request. 
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CERTIFICATE OF BATCH ANALYSIS
Grade of Product: CEM-CAL ZERO

Part Number: NI CZ15A Reference Number: 136-401709243-1
Cylinder Analyzed: CC94837 Cylinder Volume: 142.0 CF
Laboratory: 192 - Elk Grove (SAP) - IL Cylinder Pressure: 2000 PSIG
Analysis Date: Jan 20, 2020 Valve Outlet: 580
Lot Number: 136-401709243-1

Expiration Date: Jan 20, 2028

ANALYTICAL RESULTS
Component Requested Certified

Purity Concentration

NITROGEN 99.9995 % 99.9995 %
CARBON DIOXIDE < 1.0 PPM <LDL 0.18 PPM
NOx < 0.1 PPM < 0.1 PPM
SO2 < 0.1 PPM < 0.1 PPM
THC < 0.1 PPM 0.08 PPM
CARBON MONOXIDE < 0.5 PPM <LDL 0.18 PPM

Permanent Notes:Airgas certifies that the contents of this cylinder meet the requirements of 40 CFR 72.2

Cylinders in Batch:

CC111664., CC129202, CC179949, CC203404., CC214337, CC313062, CC313864.., CC335649, CC338029, CC462759, CC46623,
CC94837, EB0031043, EB0033993, EB0037831, EB0039226, EB0039248, EB0087991, EB0095533, SG901759

Impurities verified against analytical standards traceable to NIST by weight and/or analysis.

 Signature on file 

Approved for Release Page 1 of 136-401709243-1

EB0037831
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CERTIFICATE OF ANALYSIS
Grade of Product: EPA Protocol

Part Number: E02NI99E15A0203 Reference Number: 54-124481088-1
Cylinder Number: CC447467 Cylinder Volume: 144.4 CF
Laboratory: 124 - Chicago (SAP) - IL Cylinder Pressure: 2015 PSIG
PGVP Number: B12015 Valve Outlet: 660
Gas Code: SO2,BALN Certification Date: Mar 16, 2015

Expiration Date: Mar 16, 2023

Certification performed in accordance with “EPA Traceability Protocol for Assay and Certification of Gaseous Calibration Standards (May 2012)” document EPA
600/R-12/531, using the assay procedures listed. Analytical Methodology does not require correction for analytical interference. This cylinder has a total analytical

uncertainty as stated below with a confidence level of 95%. There are no significant impurities which affect the use of this calibration mixture. All concentrations are on a
mole/mole basis unless otherwise noted.

Do Not Use This Cylinder below 100 psig, i.e. 0.7 megapascals.

ANALYTICAL RESULTS
Component Requested Actual Protocol Total Relative Assay

Concentration Concentration Method Uncertainty Dates

SULFUR DIOXIDE 200.0 PPM 204.3 PPM G1 +/- 0.8% NIST Traceable 03/07/2015, 03/16/2015
NITROGEN Balance -

CALIBRATION STANDARDS
Type Lot ID Cylinder No Concentration Uncertainty Expiration Date

NTRM 12062904 CC407305 483.1 PPM SULFUR DIOXIDE/NITROGEN +/- 0.6% Jul 18, 2018

ANALYTICAL EQUIPMENT
Instrument/Make/Model Analytical Principle Last Multipoint Calibration

Nicolet 6700 AHR0801332 FTIR Mar 08, 2015

Triad Data Available Upon Request

                   Signature on file                  

Approved for Release Page 1 of 54-124481088-1TRC Report 382355 102 of 115
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