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1 Summary 

1.1 Overview 

This report describes the process for and results of spiking hexafluoroethane (C2F6) into the rotary kiln 
during the per- and polyfluoroalkyl substances PFAS test conducted at Clean Harbors Aragonite Facility 
in Utah in November 2024. The purpose of spiking C2F6 was to demonstrate C2F6 destruction and 
removal efficiency (DRE) on a compound that has high thermal stability. 

Spiking services were provided by Superior Spiking Industries (SSI). The project Work Plan was based on 
spiking C2F6 at a feed rate sufficient to achieve a concentration in the stack gas of 15 parts per million by 
volume (ppmv) if there were no destruction. This mass flow rate was estimated to be sufficient to 
demonstrate a C2F6 destruction and removal efficiency (DRE) value in excess of 99.99%. The C2F6 spiking 
rate required to achieve a target DRE is based on the stack gas flow rate and the analytical detection 
limit for C2F6. The analytical detection limit for C2F6 analyzed by OTM-50 was based on the Eurofins 
method detection limit (MDL) of 0.031 parts per billion (ppb). The estimated minimum detectable 
concentration (MDC) by Fourier transform infrared (FTIR) analysis was in the range of 10-25 ppb.  

As described in Work Plan Table 9-1, a C2F6 spiking rate of 12.43 pounds per hour (lb/hour) was planned 
for Test Runs 1C, 2C, and 3C. However, FTIR monitoring results during Run 1C test showed the C2F6 
concentration in the stack gas was close to the MDC when it was spiked at a feed rate of 12.41 lb/hr. 
After receiving the Run 1C FTIR monitoring results, the Test team and EPA personnel jointly decided to 
increase the C2F6 spiking rate to 45 lb/hr during Runs 2C and 3C to attempt to elicit a measurable 
concentration of C2F6 on the FTIR instrument. 

1.2 Spiking Results Summary 

The planned and measured amounts of gas spiked to the rotary kiln during each test run are 
summarized in Table F-1. The C2F6 feed rate is slightly below the gas flow rate because the purity of C2F6 
in the gas is 99.9%. 

Table F-1. C2F6 Spiking Results Summary 

Run Number. 

Gas Feed 
Rate 

(lb/hr) 

Target Gas 
Feed rate 

(lb/hr) 

Gas Feed Rate 
Accuracy 

(%) 

C2F6 Feed Rate 

(lb/hr) 

Run 1C 12.41 12.43 99.84 12.40 

Run 2C 44.11 45.00 98.02 44.07 

Run3C 44.68 45.00 99.29 44.64 
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2 Introduction 

2.1 Spiking Equipment 

The spiking system was comprised of a cylinder of C2F6  gas placed on a calibrated weigh scale, pressure 
gauges, pressure regulators, a weight data logger, a mass flow meter, a mass flow rate data logger, and 
a set of control and shutoff valves as shown on Figure F-1. A nitrogen system was used to purge the lines 
before each test run. A diagram of the C2F6 spiking system is shown on Figure F-1. 

Figure F-1. C2F6 Spiking Equipment Diagram 

 

Prior to the test, Clean Harbors ran a ¼-inch stainless steel tube from the sludge port on the rotary kiln 
to the spiking equipment. The spiking equipment was set up on a working platform on the north side of 
the afterburner. The stainless steel tubing was provided with a ¼-inch female Swagelok connector and a 
¼-inch ball valve type shutoff. SSI set up their equipment and connected it to the tubing provided by 
Clean Harbors. 

2.2 Spiking Procedures 

The C2F6 spiking gas was injected through the Sludge Port on the Rotary Kiln. This port fires below the 
burner. The project team purposely chose to inject the C2F6 gas through this port to avoid feeding it 
through a burner flame. This feed location exposes the spiked gas material to lower temperature 
conditions than it would encounter if it were fed through a burner port. No other wastes were fed at 
this location during the spiking process to avoid back pressure in the lines.  

Before each test run, the spiking system was primed with the C2F6  gas and the flow rate was set and 
stabilized at the target flow rate. The target C2F6 feed rate was then maintained for the duration of the 
test run. During the run, weigh scale recordings of the cylinder weight loss were also manually recorded 
at 5-minute time intervals. Records were kept both electronically and manually. 
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Two independent spiking rate measurement methods were used: 

(1) The Weight Loss versus Time Method 

(2) The Mass Flow Meter Method 

For the Weight Loss versus Time Method, the spiking material is released out of the cylinder into the 
feed line. Consequently, the mass remaining in the cylinder and on the weight scale decreases. The rate 
at which the mass changes with time defines the spiking material injection rate. A computer-based data 
logger equipped with hyper terminal software was used to record the cylinder weight at 1-minute time 
intervals. The instantaneous and cumulative average spiking rates were subsequently calculated from 
these data. This method provides a continuous record of the spiking rate, and the accuracy of the scale 
system can be demonstrated simply by placing a weight standard on the scale. Weights are traced to the 
National Institute of Standards and Technology. 

Weight measurements were also manually recorded on a paper log sheet at 5-minute time intervals. 
The 5-minute average feed rate and the cumulative feed rate are also recorded on the log. This provides 
a backup spiking record if the data logger were to fail during a test run. 

The Mass Flow Meter Method uses a mass flow meter to provide a continuous flow rate measurement. 
The data from the mass flow meter was used during the test to adjust the flow rate of the spiked gas. 
These data are not used in mass balance calculations. The data from the mass flow meter was recorded 
on a data logger at 1-minute intervals but SSI could not recover the data from the disk at the end of the 
test program. However, SSI’s inability to recover these data had no effect on meeting the test objectives. 

2.3 Spiking Results 

Detailed spiking results are presented in Attachment A-1. Table A-1 documents the start and stop time 
for each test run. A summary of spiking results recorded on the Weight Loss versus Time data logger is 
presented in Table A-2. This data was used for all mass balance and DRE calculations. Measured spiking 
accuracy values ranged from 98.01 to 99.83%. Detailed spiking data are presented in Table A-3. 

Spiking results that were recorded manually are presented in Attachment A-2: Table A-4, Table A-5, 
Table A-6 for Run 1C, Run 2C, and Run 3 C, respectively. Spiking results are graphed in Figures A-1, 
Figure A-2, and Figure A-3 for Run 1C, Run 2C, and Run 3 C, respectively. Field log sheets for these data 
are presented in Attachment A-3 Figure A-4, Figure A-5, and Figure A-6 for Run 1C, Run 2C, and Run 3 C, 
respectively. 

3 Quality Assurance/Quality Control Procedures 

Quality assurance checks included spiking material composition documentation; test equipment 
calibration, performing leak checks, and having redundant systems to measure the C2F6 spiking rate. 
These checks included the following elements: 

The composition of the C2F6 spiking gas was analyzed by Linde prior to the test. A certificate of analysis 
(CoA) for C2F6 spiking material is provided in Attachment A-4, Figure A-7. 

The General Electronic platform scale was calibrated prior to the test by Carlton Scale in Knoxville, 
Tennessee, using certified weights. The calibration range is 0-400 pounds. Carlton Scale performed a 
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post-test calibration check when the scales were returned after the completion of the test. The post test 
calibration was performed on January 14, 2025, however, the Carlton Scale representative confirmed 
that the scale has not been used since it was returned on November 20, 2024. Certificates of calibration 
for the pre-test and post-test calibrations are included in Attachment A-4, Figure A-8, and Figure A-9. 

The Emerson mass flow meter was calibrated by Coastal Flow Liquid Measurement, Inc. in Houston, 
Texas before the test. The calibration range is set for 0-20 lb/hr. A certificate of calibration is included in 
Attachment A-4, Figure A-10. 

SSI performed leak checks on the spiking system and all valves prior to use during the test program. 
Upon completion of successful leak checks, the system was purged for 2 minutes with nitrogen gas 
before each test run. 

Redundant electronic and manual C2F6 flow rate recording systems were used. These systems are 
described in Section 3.0. 

The quality assessment determined that the data presented for this spiking program is sufficiently 
accurate and representative to be used to demonstrate the DRE of hexafluoroethane. 

4 Conclusions 

Applicable Quality Assurance/Quality Control Measures were implemented, and data quality criteria 
were met throughout the project. All required spiking rate results and associated uncertainties were 
quantified and reported in Section 3. Documentation supporting these conclusions is provided within 
the body of the report and attachments. This record is sufficiently complete to demonstrate the 
accuracy of the reported results as well as facilitate their independent derivation and assessment. 
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Attachment A-1
Mass Flow Data Logger Records
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Attachment A-2
Manual Weight Reading Records
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Table A-5.  Run 2C Spiking Gas Manual Feed Rate Data

Delta Delta Feed Feed Delta Delta Delta Feed Feed Data
Time Weight(a) Mass Time Rate Rate Mass Time Time Rate Rate Recorded

(hr:min) (lb) (lb) (minutes) (lb/min) (lb/hr) (lb) (hr:min) (minutes) (lb/min) (lb/min) By

14:58 230.67 SN

15:03 227.20 3.47 0.00 0.69 41.64 3.47 0.00 5.00 0.69 41.64 SN

15:08 224.04 3.16 0.00 0.63 37.92 6.63 0.01 10.00 0.66 39.78 SN

15:13 220.55 3.49 0.00 0.70 41.88 10.12 0.01 15.00 0.67 40.48 SN

15:18 216.81 3.74 0.00 0.75 44.88 13.86 0.01 20.00 0.69 41.58 SN

15:23 212.85 3.96 0.00 0.79 47.52 17.82 0.02 25.00 0.71 42.77 SN

15:28 209.25 3.60 0.00 0.72 43.20 21.42 0.02 30.00 0.71 42.84 SN

15:33 206.32 2.93 0.00 0.59 35.16 24.35 0.02 35.00 0.70 41.74 SN

15:38 202.64 3.68 0.00 0.74 44.16 28.03 0.03 40.00 0.70 42.05 SN

15:43 198.18 4.46 0.00 0.89 53.52 32.49 0.03 45.00 0.72 43.32 SN

15:48 195.13 3.05 0.00 0.61 36.60 35.54 0.03 50.00 0.71 42.65 SN

15:53 191.00 4.13 0.00 0.83 49.56 39.67 0.04 55.00 0.72 43.28 SN

15:58 187.17 3.83 0.00 0.77 45.96 43.50 0.04 60.00 0.73 43.50 SN

16:03 183.50 3.67 0.00 0.73 44.04 47.17 0.05 65.00 0.73 43.54 SN

16:08 179.32 4.18 0.00 0.84 50.16 51.35 0.05 70.00 0.73 44.01 SN
Total 51.35 1:10 17.117 1027.00

Average(c) 42.37
(a) All weights were recorded manually on Spiking Rate Data Log Sheet.
(b) SN = Scott Neal, PH = Patrick Hoey
(c)  Average feed rate values are slightly different than calculated from data logger, data recording start and stop times are slightly different.
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Figure A-2.  Run 2C Spiking Gas Feed Rate

Short-Term Feed Rate (lb/hr) Cumulative Feed Rate (lb/hr)
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Table A-6.  Run 3C Spiking Gas Manual Feed Rate Data

Delta Delta Feed Feed Delta Delta Delta Feed Feed Data
Time Weight(a) Mass Time Rate Rate Mass Time Time Rate Rate Recorded

(hr:min) (lb) (lb) (minutes) (lb/min) (lb/hr) (lb) (hr:min) (minutes) (lb/min) (lb/min) By

17:29 256.79 SN

17:34 253.03 3.76 0.00 0.75 45.12 3.76 0.00 5.00 0.75 45.12 SN

17:39 250.00 3.03 0.00 0.61 36.36 6.79 0.01 10.00 0.68 40.74 PH

17:44 246.65 3.35 0.00 0.67 40.20 10.14 0.01 15.00 0.68 40.56 PH

17:49 242.68 3.97 0.00 0.79 47.64 14.11 0.01 20.00 0.71 42.33 PH

17:54 239.23 3.45 0.00 0.69 41.40 17.56 0.02 25.00 0.70 42.14 PH

17:59 234.27 4.96 0.00 0.99 59.52 22.52 0.02 30.00 0.75 45.04 PH

18:04 231.12 3.15 0.00 0.63 37.80 25.67 0.02 35.00 0.73 44.01 PH

18:09 226.43 4.69 0.00 0.94 56.28 30.36 0.03 40.00 0.76 45.54 PH

18:14 223.51 2.92 0.00 0.58 35.04 33.28 0.03 45.00 0.74 44.37 PH

18:19 219.01 4.50 0.00 0.90 54.00 37.78 0.03 50.00 0.76 45.34 PH

18:24 215.65 3.36 0.00 0.67 40.32 41.14 0.04 55.00 0.75 44.88 PH

18:29 212.36 3.29 0.00 0.66 39.48 44.43 0.04 60.00 0.74 44.43 PH

18:32 209.37 2.99 0.00 0.60 35.88 47.42 0.04 65.00 0.73 43.77 PH

Total 47.42 1:03 15.807 0.00

Average(c) 43.71
(a) All weights were recorded manually on Spiking Rate Data Log Sheet.
(b) SN = Scott Neal, PH = Patrick Hoey
(c)  Average feed rate values are slightly different than calculated from data logger, data recording start and stop times are slightly different.
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Figure A-3.  Run 3C Spiking Gas Feed Rate
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Attachment A-3
Spiking Rate Data Log Sheets
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Figure A-4.  Run 1C Spiking Rate Data Log Sheet
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Figure A-5.  Run 2C Spiking Rate Data Log Sheet
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Figure A-6.  Run 3C Spiking Rate Data Log Sheet
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Attachment A-4
QA/QC Records
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Figure A-7.  Linde Gas Certificate of Analysis
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Figure A-8.  Carlton Scale Pre-test Calibration Record
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Figure A-9.  Carlton Scale Post-test Calibration Record
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Figure A-10.  Coastal Flow Mass Flow Meter  Calibration Record
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