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INSTALLING VAPOR RECOVERY UNITS ON CRUDE DIL
STORAGE TANKS
= Vapor Recovery?

— What are we trying to recover

— How do we recover it (compression)

= Five Steps for Assessing VRU (Central Facility)
Identify possible locations for VRU installation
Quantify the volume of vapor emissions

Determine the value of the recovered emissions
Determine the cost of VRU project

a M wDdPE

Evaluate VRU economics
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What are we trying to recover

= Methane

— $3$$
— Natural Gas is a limited resource

— lIdentified as an greenhouse gas

= Volatile Organic Compounds (VOC)
- $3$%
— Natural Gas is a limited resource

— Contributes to the global concentration of ozone (O3)
= Ozone is an air pollutant associated with respiratory health issues

= Hazardous Air Pollutants (HAP)

— Benzene, Toluene, Ethyl Benzene, Xylene (BTEX)
— Hydrogen Sulfide (H2S)

What are we trying to recover

= ATM Storage Tank Vapors

= Flash Losses — Occurs from pressure drop from a
higher pressure vessels to the ATM tank

= Breathing Losses — Occurs from ambient

temperature changes

= Working Losses — Occurs from changing tank
fluid levels and agitation of tank contents

= Dehydration Still Non Condensible
= Glycol Absorbed Methane, VOC & HAP

%ﬁbﬂ = Stripping Gas
= Pump Gas
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What are we trying to recover
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What are we trying to recover

— Advantages:
= Reduced down stream pipeline corrosion
= Dehy & Tanks are in the same area

— Disadvantages:
= Possible down stream dehy
= No power
= Higher line pressure
= Spread out flash volumes
= Higher potential to over circulate TEG
= Recovery device on every location

Jonah Field, Wyoming




What are we trying to recover
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Rifle, Colorado

What are we trying to recover

— Advantages:
= Reduce number Dehy
= Station Dehy & Tanks are in the same area
= Power at Station
= Lower line pressure
= More consistent line pressure

— Disadvantages:
= Gathering pipeline corrosion
= Spread out well flash volumes
= No power at location

= Possible tank emission control on every location I D%\gm

= VRU has to be sized for pigging volumes _ A e

Rifle, Colorado =




What are we trying to recover
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Frenchie Draw, Wyoming

What are we trying to recover

— Advantages:
= Reduce number Dehy contacts
= Tank emissions in one location
= Station Dehy & Tanks are in the same area
= Power
= Lower line pressure
= More consistent line pressure
= No control at locations

— Disadvantages:
= Gathering pipeline corrosion
= Oil pipeline corrosion

Frenchie Draw, Wyoming
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How do we recover it
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= Reciprocating Compressors: v e
©
— Advantages: -
= High Volumes (excess of 20 MMSCFD) _____E N
= High Pressures (diff 2000-3000 psig) ‘l | oS
(] | s S
— Disadvantages: M= O

= Low suction pressure results in large first stage cylinder
= Inefficient at low pressure

= Rings and valve fail in wet gas application

= Control is difficult at atmospheric pressure

DATA SOURCE: HY-BON Engineering Company, Inc.




How do we recover it (Compressors)

= Rotary Vanes Compressors: -- o

— Advantages: H—

= Excellent for relatively high volumes and relatively low
differential pressures (0.015 — 2 MMSCFD)

= Efficient at low pressures

= Can handle wet gas relatively easy

= Comparatively low initial cost and ongoing maintenance
— Disadvantages:

= Limited as to discharge pressure (60 psig differential)

= Limited as to suction temperature capabilities (120 F)

= Free liquid causes blade breakage problems

— Bpring Loaded Vane

DATA SOURCE: HY-BON Engineering Company, Inc.

How do we recover it (Compressors)

= Flooded Screws:

— Advantages:

= Excellent in alarge volume/medium differential pressure
range (0.02-2.5 MMSCFD)

= Can handle wet gas better than rotary vanes

= Excellent temperature control for controlling condensate
fallout (180 F)

— Disadvantages:
= Higher maintenance
= Higher operational expense (oil, filters, etc.)
= Extremely limited on discharge pressure
= Used primarily in vacuum applications

DATA SOURCE: HY-BON Engineering Company, Inc.
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1. Identify possible locations for VRU installation
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Frenchie Draw, Wyoming (Central Facility)
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2. Quantify the volume of vapor emissions (Central Facility)

125 PSIG ATM SUCTION
125 PSIG DISCHARGE

R I gt

|‘ 40 PSIG —

S N\, [\

twr o »m fu!a

1 FLASH LOSS (125 PSIG - ATM PSIG)
2 FLASH LOSS (200 PSIG - ATM PSIG) 4
3 FLASH LOSS (40 PSIG — ATM) ATM
4 WORKING & BREATHING LOSS
w20 A G0 BRR PR

5  STILL VENT NON CONDENSIBLE

10



2. Quantify the volume of vapor emissions (Central Facility)

| 100 Bbl/Day S
TR @tk &SP O #BRO ATM }'{
L5 N,

e
|‘

5 %ﬂw Quantifying Treater Emissions
" 1. Field Pressurized Oil Sample
| I . .
b 2. Determine Production Rates
oL 900 Bbl/Day 3. Determine Vessel Operating Conditions
RO e L%
(ATWELL LoGATION 4. Flashed with Process Simulator

1 FLASHLOSS (125 PSIG - ATM PSIG)

2 FLASH LOSS (200 PSIG - ATM PSIG)

Inlet Separator/Treater Flash — 11 MSCFD
Production Unit/Treater Flash - 154 MSCFD
Total Treater Flash- 165 MSCFD

2. Quantify the volume of vapor emissions (Central Facility)

e Sail]
Bot Quantifying Tank Emissions

B 1. Field Pressurized Oil Sample
GAS
2. Know Production Rates
3. Know Vessel Operating Conditions
o 4. Flashed with Process Simulator
v 5. Used E&P Tank for Working Loss
4 6.  Used E&P Tank for Breathing Loss
ATM
420
3 FLASH LOSS (40 PSIG — ATM)
4 WORKING & BREATHING LOSS Total Tank Flash- 61 MSCFD

11



2. Quantify the volume of vapor emissions (Central Facility)

ATM

QIM

Quantifying Dehy Emissions
Field Extended Gas Analysis (w/ BTEX)
Know Production Rates

Know System Operating Conditions
Use GRI-GLYCalc

P w DN E

2 By 0F BN A

5  STILL VENT NON CONDENSABLES

Total Treater Flash- 58 MSCFD

2. Quantify the volume of vapor emissions (Central Facility)

m 165 MSCFD

sl el

61 MSCFD

_ N |Tota| Emissions- 284 MSCFD

58 MSCFD

2 Y 0F BN A
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3. Determine the value of the recovered emissions (Central Facility)

R=QXP
R = The gross revenue

Q = The rate of vapor recovery (Mcf/day)
P = The price of natural gas

Calculate:

Q =270 Mcfd (95% of 284)

P = $8.00/Mcf

R =270 Mcfd X $8/Mcf =

$2,160/day
$65,700/month

$788,400/year

13
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3. Determine the cost of VRU project (Central Facility)

Installation

VRU Unit (500 Mcfd) - $90,000
Generator- $85,000
Vent Header- $25,000
Labor- $200,000
TOTAL $400,000
o&Mm

VRU Unit (500 Mcfd) - $15,000
Generator- $18,000
Fuel- $73,000
TOTAL $106,000

14
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3. Evaluate VRU economics (Central Facility)

Capacity— 500 Mcfd
Installation Cost - $400,000
O&M- $106,000/yr
Value of Gas- $788,400/yr
Payback- 7 months
Return on Investment- 170%

15
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What now?

= Started rebuilding our vent system
= Started measuring TOU volumes

= Finalizing compression design

Questions?

L.essons NeturalGas(
L earned

From Natural Gas STAR Partners

INSTALLING VAPOR RECOVERY UNITS ON CRUDE OIL
STORAGE TANKS





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


