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I will be taking the next 30 – 45 minutes of your time to discuss what Gas STAR companies are doing to detect and repair methane leaks at compressor stations.  
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Compressor Seals: Agenda

U.S. Methane Emissions from Compressor Seals

Centrifugal Compressor Wet Seals

— Methane Losses

— Solutions

— Economics

— Industry Experience / More Opportunities
Reciprocating Compressor Rod Packing
— Methane Losses

— Solutions

— Economics

— More Opportunities / Industry Experience

Contacts and Further Information



AGA NaturalGas (
By |J.S. Methane Emissions from

Compressor Seals

*MMcm = million cubic meters

Centrifugal : :
Compressgors Station Venting
Pneumatic 227 MMcm 227 MMcm
Devices / Pipeline Leaks
227 MMcm

312 MMcm

Gas Engine Station Fugitives

Exhaust 227 MMcm
340 MMcm
Other Sources
113 MMcm
Reciprocating Compressors Total Methane Emissions from
1,161 MMcm Compressors = 1,388 MMcm

49% of transmission

EPA. Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990 — 2007. April, 2009. Available on the web
_ at: epa.gov/climatechange/emissions/usinventoryreport.htmi 2
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Methane Losses from Centrifugal
Compressors

= Centrifugal compressor wet seals leak little gas at
the seal face

— The majority of methane emissions occur through seal oll
degassing which is vented to the atmosphere

— Seal oil degassing may vent 1.1 to 5.7 m3/minute to the
atmosphere

— One Natural Gas STAR Partner reported emissions as
high as 2,124 m3/day
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Centrifugal Compressor Wet Seals

High pressure seal oill
circulates between rings
around the compressor
shaft

Oil absorbs the gas on the
iInboard side SRl
Little gas leaks through Source: PEMEX
the oil seal seal Houstig, szl Ol ket

: i H
Seal oil degassing _ 1 —_—
vents methane to ™5™ | ‘.mll'r;'?.;'%;?;.'.““"
the atmosphere (1 | "
Gompies e Fie
it
il Hiaik
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Wet Seals Solution: Dry Seals
f = Dry seal springs press stationary ring =~ _ ¢
| In seal housing against rotating ring = 4%
when compressor is not rotating Y.
= At high rotation speed, gas is pumped
between seal rings by grooves in .
rotating ring creating a high pressure

.
ouTBOARD

stafiorary Rigg

barrier to leakage Source: PEMEX
= Only a very small amount of gas
Process Gas Tries
escapes through poawy LS SR
the gap Compressor Exd e (‘

= 2 seals are often used in tandem

= Can operate for compressors up to
206 atmospheres (atm) safely

i ! Grinninq Shait



A NaturalGas

Methane to Markets

Methane Savings through Dry Seals

i Dry seals typically leak at a rate of only
0.8 to 5.1 m3/hour (0.01 to 0.09 m3/ minute)

— Significantly less than the 1.1 to 5.7 m3/minute emissions
from wet seals

= (as savings translate to approximately TMT 387,315
to TMT 2,251,215 at TMT 855/Mcm?

Tandem Rolating Rings

wilh Grooves ‘d’gl"; U:.ﬂse
roce!
ff/f_ \\ Gas Leakage
N . (Fugitive)
-
i {( ( _;
' ‘A
- | motar
b ;,-; {  Fnd
/
.‘ —-——n.___q!
Lring » Bl -' * Spinning
= a Pracess Gas % L Ehaft
SUUTCE PEME}{ 1 2aks Thraugh =
Labyrinth Gas Pressure Belwean Spring Pushes Statianary
1Mcm = thousand cubic meters Rings Prevents Process Gas  ping Against Rotating Ring

Fram Laaking
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Cost Category

Implementation costs?

Economics of Replacing Seals

(TMT)
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= Compare costs and savings for a 15.2 cm

(6-inch) shaft beam compressor
Dry Seal

Wet Seal

(TMT)

Seal costs (2 dry @ TMT 38,475/shaft-inch, with testing) 461,700

Seal costs (2 wet @ TMT 19,240/shaft-inch) 230,850
Other costs (engineering, equipment installation) 461,700 0
Total implementation costs 923,400 230,850
Annual operating and maintenance 40,185 291,840
Annual methane emissions (@ TMT 855/thousand m3; 8,000

hours/year)

2 dry seals at a total of 12 m3/hour 82,080

2 wet seals at a total of 168 m3/hour 1,149,120
Total costs over 5-year period 1,534,725 7,435,650
Total dry seal savings over 5 years

Savings 5,900,925

Methane Emissions Reductions (million m3) 6.4

Flowserve Corporation (updated costs and savings)




NaturalGas

((((((((((((((( NTER

Industry Experience — PEMEX
(Mexican Production Company)

PEMEX had 46 compressors
with wet seals at a production
site

Converted three to dry seals

— Cost TMT 1,265,400/compressor 48

— Saves 580,500 m3
/compressor/year

— Saves TMT 496,330
/compressor/year in gas?

2.5 year payback from gas
savings alone?

Plans for future dry seal Source: PEMEX
Installations

1Gas price at TMT 855/Mcm 3




FYN Industry Experience — Supersonic Gas  NaurlGas(

Methane to Markets

Injector: TransCanada (Canadian
Transmission Company)

= Developed for capturing very low pressure vent
gases and re-injection into a high pressure gas
stream without the use of rotating machinery

= Savings

— 113,000 m3/year of gas
savings from one
compressor

— Natural gas worth
TMT 96,615/year/unit
at TMT 855/Mcm

— Zero operating cost

Source: TransCanada
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More Opportunities

Partners are identifying other technologies and
practices to reduce emissions

One partner degasses seal oil in an intermediate
pressure drum, with the gas used:

— As turbine fuel
— As low pressure fuel
— To flare

Prevents most seal oil gas emissions from venting
to atmosphere

Less expensive capital costs compared to dry seals

Partner reported emission reductions of 3.1
m3/minute (110 ft3/minute) per seal when routing
gas back to turbine fuel

10
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More Opportunities—cont.

= Partner’s seal oil degassing vent recovery and use:

l *Note: New equipment in red*
Haxiianaiig Seal 0l Inlet
Motor and
Shaft Bearing Side pan PUOMRINE:
“Outhaard” eaks Th!u!jgit Inboard
Labyrinth Seal Compressor
—__ turbine fuel
b
Compressor Side -
“Inboard”
“Outboard” )
Labyrinth 18.0 atm Boiler
Spinming Shaft
Seal 0il
Seal Oil
(it iag) (Contaminated with Gas) ;
Seal oil
discharge 1
pressure = > —» 3 OPTIONS —’4 2 aim
96.3 atm Atmospheric Less gas '
seal oil /L\—’vented to
New fuel pressure degassing atmosphere 1.8 atm Low pressure
seal oil degassing drum fuel gas
drum and demister >
FLARE

:"r——
p—d

Seal oil circulation pump 11
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More Opportunities—cont.

. PROJECT SUMMARY: CAPTURE AND USE OF

Of: Operating =Centrifugal compressor with
: . Requirements seal oil system
— Intermediate degassing drum Nearby use for low pressure
— New piping fuel gas
. . : =New intermediate pressure
Gas demister/filter flash drum, fuel filter, pressure
— Pressure regulator for fuel gas regulator
line
] Capital & Installation | TMT 62,700*
"= Project summary: Costs
. : . Annual Labor & Minimal
— ld_rGysz ec;rs)ltal intensive than | onance Costs
. . . Methane saved 1.8 MMcm
B Redu-ce EMISSIONS while Gas Price per Mcm T™MT | TMT T™T
also improving site P a0 | ss5 | 1085
effICIenCy Value of Gas Saved T™MT T™MT TMT
— Positive cash flow after 774,000 1,539,000 2,313,000
less than a month ;‘Zﬁﬁgk Period in 1 0.5 0.33

LAssuming a typical seal oil flow rate of 14.20
liters/minute (3.75 gallons/minute) 12
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Methane Losses from Reciprocating
Compressors

= Reciprocating compressor rod packing
leaks some gas by design

— Newly installed packing may leak 0.3 to 1.7
m3/hour

— Worn packing has been reported to leak up to
25.5 m3/hour

Cylinder

(Side View, Cut in Half)

Distance Piece O | SUCtlon| O

= F Piston BQJI |!|——|L |
= - Piston
/=]
I I
E Discharge E

Rod Packing Case

G==

etaten

13
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Reciprocating Compressor Rod
Packing

= A series of flexible rings fit around the shaft to
prevent leakage

= | eakage may still occur through nose gasket,
between packing cups, around the rings, and
between rings and shaft

Two Rings
| (In Three Segmentsk

'T IT IT[ | I High Pressure
HHHb Piston Rod ~ Gas Inside
—" IJ7 IJ7 | | Cylinder

Flange— .
’ Cylinder Wall

5 6
o o2
il ol

Springs (Side View, Cut in Half)

14



" = Nose gasket "
= Packing to rod -
= Packing to cup

= Packing to packing
= Cuptocup g
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Impediments to Proper Sealing

here packing case can leak What makes packing leak?

Dirt or foreign matter (trash)

Worn rod (.015 mm/per cm
dia.)

Insufficient/too much
lubrication

Packing cup out of tolerance
(= 0.05 mm)

Improper break-in on startup
Liquids (dilutes oil)

Incorrect packing installed
(backward or wrong type/style)

15
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Methane Losses from Rod Packing

Emission from Running Compressor 24,600 m?3/year-packing
Emission from Idle/Pressurized Compressor 36,000 m3/year-packing
Leakage from Packing Cup 19,500 m?3/year-packing
Leakage from Distance Piece 8,500 m3/year-packing

Leakage from Rod Packing on Running Compressors

Packing Type Bronze Bronze/Steel | Bronze/Teflon Teflon

Leak Rate (m3/year) 17,300 15,700 37,300 5,900

Leakage from Rod Packing on Idle/Pressurized Compressors

Packing Type Bronze Bronze/Steel | Bronze/Teflon Teflon

Leak Rate (m3/year) 17,400 N/A 36,500 5,400

Source: Cost Effective Leak Mitigation at Natural Gas Transmission
Compressor Stations — PRCI/ GRI/ EPA PR-246-9526 16
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Solution: Economic Replacement

Measure rod packing leakage

— When new packing installed—after worn-in
— Periodically afterwards

Determine cost of packing replacement
Determine economic replacement threshold

— Partners can determine economic threshold for all replacements
— This is a capital recovery economic calculation

Replace packing when leak reduction expected will pay back
cost

Economic Replacement Threshold (m3/hour) =

CR*DF %1000
Where:
ere (H *GP)
CR = Cost of replacement (TMT)
DF = Discount factor at interest i (141"
H = Hours of compressor operation per year DF = I(d+1)
GP =  Gas price TMT/thousand cubic meters) 1+ i)n 1

17
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More Opportunities: Low Emission
Packing (LEP)

= The side load eliminates clearance and
maintains positive seal on cup face

= LEP Is a static seal, not a dynamic seal. No
pressure Is required to activate the packing

= This design works in existing packing case
with limited, to no modifications required

18
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LEP Packing Configuration
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P 0 Breaker Broime
Franes Faching
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S

N
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PRESSURE SIDE E %
5

- kg\
R
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T A

LEP: Low Emissions Packing
Orientation of P303 Rings

20
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Industry Experience — Northern Natural Gas
(U.S. Transmission Company)

= Monitored emissions at two locations

— Unit A leakage as high as 301 liters/minute
(18 m3/hour)

— Unit B leakage as high as 105 liters/minute
(6 m3/hour)

= |nstalled low emission packing (LEP)
— Testing is still in progress

— After 3 months, leak rate showed zero leakage
Increase

21
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Methane to Markets Contact Informatlon and

Further Information

= More detall is available on these practices and
over 80 others online at:
epa.gov/qgasstar/tools/recommended.html

= For further assistance, direct questions to:

Roger Fernandez Don Robinson

EPA Natural Gas STAR Program ICF International
fernandez.roger@epa.gov drobinson@icfi.com
(202) 343-9386 (703) 218-2512

Lessons
g

OPTIONS |
PNEUMATI

Lessc e
Learn Onbir G =

‘ From Natura anMeHeHMﬂ

B 0 B s b g OT napTtHepoe nporpaMmbl Natural Gas STAR

mTRRREER,

22
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