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4 The Natural Gas STAR Program is a flexible,
voluntary partnership with oil and natural gas
companies—>both in the United States and
internationally to promote cost-effective
technologies and practices that reduce emissions
of methane.

4 The main goal of Natural Gas STAR is to work with
Partner companies to develop technical
information and then facilitate the implementation
of mitigation practices across the industry. e -

4 As both a potent greenhouse gas and clean
energy source, reducing methane emissions has
both environmental and economic benefits.

4 BP has been an active Partner since 1995,
contributing to the Natural Gas STAR Program’s
technical information and technology transfer
efforts.
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Centrifugal Compressor Wet Seals

4 High pressure seal oil circulates between
rings around the compressor shaft

4 Oil absorbs the gas on the inboard side
Little gas leaks through the oil seal

Seal oil degassing vents methane to the
atmosphere

* Wet seals leak little gas at the
seal face

* Most emissions are from seal seal Housing
oil degassing

» Seal oil degassing may vent _touran

Shaft Bearing Side

1.1 to 5.7 m3/minute “Qutboard”

 One Natural Gas STAR
Partner reported emissions as
high as 2,124 m3/day

Seal 0il Inlet

Process Gas
,  Leaks Through “Inboard™
5 Labyrinth Seal

“Inboard”

“Qutboard”
Labyrinth

Spinning Shaft
Seal 0il

{Uncontaminated) Seal Oil
(Contaminated with Gas)

Compressor Side
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Traditional Solution: Retrofitting/Installing Dry

Seals

 Dry seals:
e 0.8t05.1 m3/hour (0.01 to 0.08 m3/ minute) leak rate
 Significantly less than the 1.1 to 5.7 m3/minute emissions from wet

seals
* Very cost-effective option for new compressors

« Significant capital costs and downtime for retrofitting compressors
e See Lessons Learned for more info

« Alternative exists for more cost-effective seal oil degassing and vapor
recovery retrofit with less downtime

Dry seals keep gas from escaping while rotating with the shaft
Tandem dry seals

Process Gas Tri’:s Tandem Hatating Rings .
to Leak Between Rings with Gro Very Little

Rotating
Ring

Compressor End r (Fugitive)
Stationary Ring X
- /Il “ | ’ i lf
““l i /I.l“ i a” ll Mot
lllll i
Spinning Shaft LP;c:;e_?; Gas 1 s.g;::?g
e?.ahyrirlthg Gas Pressure Between Spring Pushes Stationary
Rings Prevents Process Gas Ring Against Rotating Ring

Source: PEMEX

From Leaking 4



Background of North Slope Study

4

Natural Gas STAR learned of anecdotal information on this
potential mitigation opportunity a few years back

Developed a theoretical example and presented to Natural Gas STAR
Partners at workshops and in the Spring 2009 Newsletter
In taking measurements, BP discovered their wet seal recovery
system on centrifugal compressors at its North Slope facilities

BP’s initial results showed recovery of >99% of seal oil gas that would be
otherwise vented to atmosphere from degassing tank
Led to BP and Natural Gas STAR collaboration on detailed
measurement study of alternative wet seal capture mitigation
opportunity

Recovery system that separates gas from the sour seal oil before being sent to
the degassing tank

Recovered gas sent to various outlets: flare, low pressure fuel, turbine fuel
~273 psig (18.6 Bar), compressor suction

System leads to lower emissions from degassing tank vent (more details on
following slide)
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Summary of North Slope Study

Goals:

A detailed evaluation and review of all sour seal oil recovery
systems on the North Slope with:
* Real-time measurement data from one facility (CCP)
* Engineering calculations from CGF and other facilities as

applicable
Comprehensive characterization of wet seal degassing
recovery system including process/operating requirements,
applicability, limitations, emission reduction potential, costs,

and economics.

Purpose:
Evaluate methane emissions
capture from sour seal oll
vapor recovery systems on
centrifugal compressors at the
North Slope. Systems show
evidence of reducing wet seal
degassing emissions.

The Tools:
The Team: + In-depth understanding of compressor wet seal
* Natural Gas STAR recovery system design and layout
* BP local and global staff ‘ e FLIR IR camera
* North Slope facility operators  Vent anemometer
* North Slope emissions * P&IDs and operational data
measurement specialists « Complete readouts of compressor operating conditions

and key parameters

This presentation is focusing on preliminary results from Central Compressor Plant (CCP) only; final results will be available at a
later date.
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Overview of North Slope Operations

Prudhoe Bay
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How we get the oil from the
ground to the Trans-Alaska pipeline.

Crude ol af Prudhoe Bay is locaked in ihe Sadierochil
Jond, 8 sandatone farmalian at approsimatedy 5000 fee!
below fhe earih’s surface, Pressure frown the formation,
PuEhes the criide wp & well fo the aurface whers a4
wellread controds the fow of crude. Wellheads are
toceted on gravel drillsiles and are covered Ly & weli
housa for workes 009 Bguipement protection againe the
harsh arctic environmant. From here the crde fows
through the manifold building. atso locstad on the driil
wite, where ollgas'watir ratlo is deldrmined. Crice (en
traveds o &8 processing cenler s (s ssparsled nfo o,
gaa and water, Notural gas is sent lo the gas handling
faciitios for renjeation back lnle e Neld. Produced
water fs sent back to the drillsit=s and refnjactad ito
the formation o help in the oll recovery. Of conlinues
ira journey to Alyeska's Pump Station 1 o begin ita

BDO mile trip to Valder
L
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Overview of North Slope Operations

~100 Centrifugal Compressors
All but a few with Wet Seals

All Wet Seal machines equipped
with recovery system

Pressures: 3 psi suction => 4,700
psi discharge

Prudhoe Bay process flow and volumes
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Overview of North Slope Operations

e \
]%@ \ ﬁx Prudhoe Facilities Location
Y A ST\

A Major Facility

O  well Pads



Central Gas Facility (CGF)

A

World’s largest gas processing plant (max feed of 246
MMcm/day)

Processes all gas from Prudhoe Bay gathering & boosting
stations (except local fuel)

Products:

Residue gas
Natural gas liquids (blended with oil and delivered to TAPS)
Miscible injectant (used for EOR purposes)

11 compressors (totaling over 500,000 HP)
Three boosters
Two refrigerant
Two M
Four tandems

Seal oil vapor recovery lines
sent to flare

10



Central Compressor Plant (CCP)

4 World’s largest compressor station (~238 MMcm/day capacity)

4 Receives residue gas from CGF, compresses to higher pressures,
and sends to gas injection wellpads (~200 MMcm/day at 3,600 to
4,000 psig)

4 15 compressors (totaling 537,000 HP)

Nine low pressure (15t stage) compressors in parallel
Four high pressure (2"d stage) compressors in parallel
Two tandem compressors (15t and 2"d stages) in parallel

4 Seal oil vapor recovery lines
sent to flare or fuel gas (for
compressor turbines, heaters,
and blanket gas)

11
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Sour Seal Oil Vapor Recovery System

*Note: New equipment in red*

BantAlnnaig Seal 0l Inlet
Motor and
i Process Gas
s“!-'u;:ﬂ? L Leaks Through “Inboard”™
Labyrinth Seal
""" E:I:N_ Compressor
Compressor Side A4 turbine fuel
“Inboard™
“Duthoard” Compressor
Labyrinth Suctiop/recycle 18.0 atm Boiler
Spinning Shaft
Seal 0il
Seal 0il
(Uncomaminated) o waminated with Gas)
Seal oil
discharge
pressure = > — 4 OPTIONS 4.4 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 > >
(“sour seal oil trap”)
FLARE

Seal oil circulation pump
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—Restrictive Orifice

1/16”

Seal Oil Reservoir
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Seal Oil
| Degassing
Pots
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Seal Oil Degassing Separators
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Seal Oil Degassing Separators
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CCP Fuel Gas Layout

CCP Fuel Gas Schematic
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Early Results: BP Measurements of CCP

Table shows initial measurements taken by BP from a low- and high-
pressure compressor at CCP before study

4 Used nitrogen as “tracer gas” to calculate methane and total hydrocarbon
flow-rates

4 Recovered Gas: 0.92 MMSCFD LP:; 3.7 MMSCFD HP Turbine Fuel

High-Pressure Low-Pressure
Compressor Compressor

Nitrogen Purge Rate (SCF/Hr) 33 25
Vent Analysis (mole%)

Nitrogen 43.846 86.734

Methane 37.872 6.93

Total Hydrocarbon + CO2 56.1540 13.2660
Total Methane Flow (SCFM) 0.4751 0.0333
Total Process Gas Flow (SCFM) 0.7044 0.0637
Number of Seals 2 2
Total Methane Flow (SCFM/Seal) 0.2375 0.0166
Total Process Gas Flow (SCFM/Seal) 0.3522 0.0319
“Average" Total Gas/Seal (SCFM) 108 108
Control Percentage 0.997 1.000 19
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Preliminary Results: Velocity Measurements

CCP Velocity Readings - During Study
# of Seals 1 Min 1 Min 1 Min Vent N2 Purge]
A Tab I e S h OWS Facility] Compressor Tag | Compressor description per Tank |Vent size| Mean Mean Mean | Area ft2 fpm scf/min_| scf/min
in m/s m/s m/s
CCP_ |K-18-1801 1st Stage Injection comp |Degassing Tank Vent 2 2 0.36 0.38 0.28 0.022 66.9 1.5
Van e Seal Oil Reservoir
ent 4 0.35 0.34 0.37 0.087 69.5 6.1
2nd Stage Injection
an e m 0 m ete r CCP__ |K-18-1809 icomp Degassing Tank Vent 2 2 0.42 0.4 0.2 0.022 66.9 1.5
Seal Oil Reservoir
ent 4 0.6 0.57 0.81 0.087 129.9 11.3
measu re mentS Velocity Readings - Prior to Study
. K-E3- Main A (1st, 2nd, 3rd
ta ke n p rl 0 r to END iSégIZO/soA stages) Degassing Tank Vent 6 2 0.86 0.8 0.48 0.022 140.4 3.1
. END__ |1510/20/30A second vent Degassing Tank Vent 6 6 0.87 0.52 0.71 0.196 137.8 27.1
and during the A
K-E3- Main B (1st, 2nd, 3rd
[END  [1510/20/30B |stages) Degassing Tank Vent 6 2 3.84 35 3.15 0.022 688.1 15.0
K-E3-
Stu d y [END _ [1510/20/30B lsecond vent Degassing Tank Vent 6 6 2.68 2.14 4.67 0.196 622.5 122.3
&7 &
Booster B (1st & 2nd
F u | | resu ItS Of END |c-1501/028 |stages) Degassing Tank Vent 2 2 | o064 | 042 | 067 | 0022 | 1135 | 25
END |C-1501/02B lsecond vent Degassing Tank Vent 2 2 0.54 0.39 0.46 [0.021825[ 91.2 2.0
tud tyet
S u y are n O ye LPC  [K-52-1807 Reinjection Compressorleegassing Tank Vent 2 2 0.82 0.91 0.83 0.022 167.9 3.7
-I:' | b . i I LPC  |K-52-1808 Reinjection Compressors|Degassing Tank Vent 2 1.44 1.73 1.6 0.022 | 312.9 6.8
I n a_ y ut I n Itl a_ LPC  [K-42-1801 STV/IP Compressors Degassing Tank Vent 2 2 0.82 0.93 1.06 0.022 184.3 4.0
LPC  [K-42-1801 Second vent |Degassing Tank Vent 4 0.96 0.58 0.52 0.087 135.1 11.8
results from CCP
CCP__ [K-18-1801 1st Stage Injection comp |Degassing Tank Vent 2 2 0.3 0.33 0.32 0.022 62.3 1.4
m e aS u re m e ntS CCP__ |K-18-1802 1st Stage Injection comp |Degassing Tank Vent 2 2 0.54 0.56 0.45 0.022 101.7 2.2
CCP__ [K-18-1803 1st Stage Injection comp |Degassing Tank Vent 2 2 0.45 0.15 0.19 0.022 51.8 1.1
CCP__ |K-18-1804 1st Stage Injection comp |Degassing Tank Vent 2 2 0.05 0.17 0.06 0.022 18.4 0.4
S h OW g e n e ral |y ccP  [K-18-1805 1st Stage Injection comp |Degassing Tank Vent 2 2 2.65 2.67 2.52 0.022 | 514.3 11.2
CCP__ [K-18-1806 1st Stage Injection comp |Degassing Tank Vent 2 2 0.38 0.74 0.56 0.022 110.2 2.4
- " CCP__ |K-18-1807 1st Stage Injection comp |Degassing Tank Vent 2 2 0 0.04 0.22 0.022 17.1 0.4
Co n S | Ste nt Wlth ccp |k-18-1808 15t Stage Injection comp [Degassing Tank Vent 2 2 02 | 009 | 009 [ 0022 | 249 0.5
CCP_ |K-18-1813 1st Stage Injection comp |Degassing Tank Vent 2 2 0.54 0.64 0.65 0.022 120.0 2.6
3 2nd Stage Injection
B P S res u ItS fro m ccp  |k-18-1809 lcomp Degassing Tank Vent 2 2 054 | 042 | 029 | 0022 | 820 18
2nd Stage Injection
CCP__ |K-18-1810 icomp Degassing Tank Vent 2 2 1.17 0.46 0.34 0.022 129.2 2.8
befo re the Stu dy 2nd Stage Injection
CCP_ |K-18-1811 icomp Degassing Tank Vent 2 2 1.44 1.38 0.59 0.022 223.7 4.9
2nd Stage Injection
CCP__[K-18-1812 lcomp. Degassing Tank Vent 2 2 0.38 0.43 0.4 0.022 79.4 1.7
CGF _ [K-19-1802A/B Booster #2 Degassing Tank Vent 2 3 0.26 0.31 0.93 0.049 98.4 4.8
CGF_[K-19-1802A/B Second vent Degassing Tank Vent 3 0.36 0.25 0.82 0.049 93.8 4.6
9.4
CGF _ |K-19-1805 Ml Compressor Degassing Tank Vent 2 2 0.49 0.4 0.38 0.022 83.3 1.8
CGF  [K-19-1805 Second vent Degassing Tank Vent 2 9.98 9.55 9.77 0.022 | 1922.1 42.0
43.8

20
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Applicability/Benefits to Oil and Gas
Companies

A

Based on the results of this study, this sour seal oil vapor
recovery system could prove to be an economic
alternative to dry seal retrofits on centrifugal compressors

Dry seals on new compressors are now more prevalent in
Industry—typically cheaper than wet seals

Dry seal retrofits on older compressors are still very high in cost;
~$250,000 to $1 million per compressor

Sour seal oil vapor recovery system on wet seals compressors
much lower in capital cost, requires short-duration compressor
shutdown or interruption in gas service
Project characterization could provide companies with a
way to both reduce methane emissions and utilize
recovered gas cost-effectively

24



Applicability/Benefits

Investment includes cost of:

Intermediate degassing drum
(“sour seal oil trap”)

New piping
Gas demister/filter

Pressure regulator for fuel gas
line

4 Project summary:

Less expensive capital costs
compared to dry seals

Prevents most seal oil gas
emissions from venting to
atmosphere while also
Improving site efficiency

Positive cash flow after less
than a month

NaturaJGasA
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PROJECT SUMMARY: CAPTURE AND USE OF SEAL
OIL DEGASSING EMISSIONS

Operating
Requirements

=Centrifugal compressor with seal oll

system

=Nearby use for low pressure fuel

gas

=*New intermediate pressure flash
drum, fuel filter, pressure regulator

Capital & Installation
Costs

$22,000!

Annual Labor &
Maintenance Costs

Minimal

Methane saved

1.8 million m3

Gas Price per Mcm $105 $175 $250
Value of Gas Saved | $189,000| $315,000 | $450,000
Payback Period in

Months 14 0.8 0.6

1Assuming a typical seal oil flow rate of 14.20
liters/minute (3.75 gallons/minute)

25
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Conclusions and Next Steps

A

Preliminary results are promising and indicate that
sour seal oil vapor recovery from centrifugal
compressors can be a viable project option for

companies

BP and Natural Gas STA
data obtained during stud

R currently analyzing
y

BP and Natural Gas STA

R will continue to

collaborate on this study to fully characterize the
seal oil vapor recovery system seen on the North

Slope

Team to publish more detailed results of study in a

future article

26



Contact Information

For further details, direct questions to:

Suzie Waltzer

Reid Smith

EPA Natural Gas STAR Program BP
waltzer.suzanne@epa.gov gordon-reid.smith@bp.com

+1 (202) 343-9544

+1 (281) 384-3583

Don Robinson
ICF International
drobinson@icfi.com

+1 (703) 218-2512

27
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