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Presentation Overview

•Centrifugal compressor seal design

•History of wet seal vs. dry seal regulation

• Emissions Measurement Study
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Centrifugal Compressor Seal Design
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Wet Seal Technology
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Solar Wet Seal Compressor Degassing System

• Solar turbine/wet seal compressor packages have always shipped 
standard with a system to recycle degassing emissions to suction.

• Solar centrifugal compressors account for 70% of the midstream 
natural gas market (Zimmerle, 2015; Solar, 2018).

• First-principles modeling performed by Solar in 2016 estimated:
• >99% degassing emission recovery rate.

• Natural gas emission to atmosphere between 0.03 – 0.4 scfm.
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Old Solar Degassing System Design
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New Solar Degassing System Design
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Dry Seal Technology
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History of Wet Seal vs. Dry Seal Regulation
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Regulatory Background

• 2010 (Subpart W) – Wet seal vent emissions must be measured and 
reported. Dry seal vents exempt.

• 2011 (NSPS OOOO) – ≥95% VOC reduction for wet seal degassing in 
certain industry segments. Dry seal units exempt.

• 2015 (NSPS OOOOa) – ≥95% VOC and methane reduction for wet seal 
degassing in a larger portion of the industry. Dry seal units exempt.

• 2023 (NSPS OOOOb) – Both wet seal and dry seal units subject. TOO 
LATE??

• Various other State Regulations (final and draft), such as Colorado, 
California, Pennsylvania, New York, Maryland.
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EPA Natural Gas Star Program

EPA, October 2006. EPA, 2014.

Bylin, 2009.
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EPA GHG Reporting Program (40 CFR Part 98, Subpart W)

• Wet seal vent emissions are measured and 
reported.

• Measurements may be performed with calibrated 
vent bags & anemometers.

• PRCI’s analysis – EPA has significantly over-
estimated emissions from wet seal degassing vents. 
(PRCI, 2018)

• Average reported wet seal vent rent is 3 scfm, 
nowhere near the 40-200 scfm suggested by NG 
Star.

• Dry seal vent emissions were not historically 
not measured/reported. Now in May 2024. Pipeline Research Council International (PRCI), 2018
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Zimmerle Study

Zimmerle, 2015
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Zimmerle Study
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Emissions Measurement Study
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Study Background

• Tora performed an emissions measurement study in Q4 2018 for a 
confidential client.

• Measurements conducted using a Bacharach HiFlow Sampler, which 
measures methane flow rate.

• Study included 4 Solar wet seal centrifugal compressors and 11 dry 
seal centrifugal compressors (Solar and others).
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Study Results

• Wet Seal Units:

• Range: 0.025 – 0.11 scfm

• Average: 0.08 scfm

• Dry Seal Units:

• Range: 2.68 – 6.55 scfm

• Average: 3.78 scfm

• Results generally align with the 2015 Zimmerle study (ignoring the 
wet seal measurement data collected with an anemometer).



Copyright 2024, Tora Consulting, LLC

Revising Historic 
Emissions Estimates

(1) EPA NGHGI Data:
• Avg. Wet Seal Vent Rate: 48 scfm

• Avg. Dry Seal Vent Rate: 6 scfm
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Revising Historic 
Emissions Estimates

(1) EPA NGHGI Data:
• Avg. Wet Seal Vent Rate: 48 scfm

• Avg. Dry Seal Vent Rate: 6 scfm

(2) Tora Data + Zimmerle Data 
+ Solar Population Data
• Avg. Solar Wet Seal Vent Rate: 

0.08 scfm (Tora Study, 2018)

• Avg. Non-Solar Wet Seal Vent 
Rate: 16 scfm (Zimmerle, 2015)

• Avg. Dry Seal Vent Rate: 5 scfm 
(Zimmerle, 2015)
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Revising Historic 
Emissions Estimates

(1) EPA NGHGI Data:
• Avg. Wet Seal Vent Rate: 48 scfm

• Avg. Dry Seal Vent Rate: 6 scfm

(2) Tora Data + Zimmerle Data 
+ Solar Population Data
• Avg. Solar Wet Seal Vent Rate: 

0.08 scfm (Tora Study)

• Avg. Non-Solar Wet Seal Vent 
Rate: 16 scfm (Zimmerle)

• Avg. Dry Seal Vent Rate: 5 scfm 
(Zimmerle)

(3) Simulation Case I – What if 
all compressors still had 
wet seals?

0

2,000

4,000

6,000

8,000

10,000

12,000

M
T 

C
O

2
 e

q
./

yr
-c

o
m

p
re

ss
o

r

Year

(1) (2) (3)

Population Normalized Compressor GHG Emissions, 
(MT CO2 eq./yr-compressor) - 1990 to 2016



Copyright 2024, Tora Consulting, LLC

Revising Historic 
Emissions Estimates

(1) EPA NGHGI Data:

• Avg. Wet Seal Vent Rate: 48 scfm

• Avg. Dry Seal Vent Rate: 6 scfm

(2) Tora Data + Zimmerle Data + Solar 
Population Data

• Avg. Solar Wet Seal Vent Rate:
0.08 scfm (Tora Study)

• Avg. Non-Solar Wet Seal Vent Rate:
16 scfm (Zimmerle)

• Avg. Dry Seal Vent Rate:
5 scfm (Zimmerle)

(3) Simulation Case I – What if all 
compressors still had wet seals?

• 70% would have recovery systems, 30% 
would not

(4) Simulation Case II – What if EPA 
would have required wet seal 
recovery systems rather than 
pushing dry seal technology?
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Revising Historic 
Emissions Estimates
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Conclusions

• Actual emissions are significantly less than historic estimates.

• Historic emission reduction claims are overstated, emissions may 
have actually increased.

• Replacement of remaining Solar wet seal units would increase 
emissions ~550,000 metric tons of CO2e per year.

• Industry could benefit from corrected wet seal degassing emissions 
estimates.

• The damage is mostly done (lesson learned for the future).
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