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Introduction
 
Applied NAPL Science
Review (ANSR) is a
scientific ejournal that
provides insight into the
science behind the
characterization and
remediation of
Non-Aqueous Phase Liquids
(NAPLs) using plain English.
We welcome feedback,
suggestions for future
topics, questions, and
recommended links to NAPL
resources.  All submittals
should be sent to Mike
Hawthorne.  If you know
someone who is interested
in NAPL science, please
forward this issue to them
using the "Forward" link at
the bottom of the page.
 
 
 
 

Context
 

Volume 1 (2011) of Applied
NAPL Science Review
(ANSR) is focused on tools
and scientific concepts to
improve NAPL conceptual
site models (CSM).  An
accurate, detailed CSM will
cost-effectively guide risk
evaluations, remedial
action determinations,
technology selection,
remedial design, and end
point attainment (closure)
evaluations.
 

Terminology conventions:
 

AN:      Air/NAPL interface
(previously AOI)
 

NW:     NAPL/Water
interface (previously OWI)
 

CGWS: Calculated Ground
Water Surface
 

ANT:    Apparent NAPL
Thickness
 
 
 
 
 

Announcements
 

LNAPL Site Management
Strategies Session (multiple
platform presentations by
ANSR Board Members and
others). June 27-30, 2011,
Reno, Nevada.  
Bioremediation and
Sustainable Environmental
Technologies, BATTELLE. 
Click Here for link to
conference web page.
 
 
 
 

Coming Up
 
Look for articles on LNAPL
transmissivity as well as
more detailed explanations
of confined and perched
LNAPL in coming
newsletters.
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API LNAPL Resources
 
ASTM LCSM Guide
 
Env Canada Oil Properties DB
 
EPA NAPL Guidance
 
ITRC LNAPL Resources
 
ITRC DNAPL Documents
 
RTDF NAPL Training
 
RTDF NAPL Publications
 
USGS LNAPL Facts
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Have you ever  wondered why the apparent  NAPL thickness
(ANT)  gauged  in  wells  at  a  site  is  large,  but  increased
groundwater  extraction  does  not  increase  LNAPL  recovery
rate? The cause may be perched LNAPL.
 
 

 
BACKGROUND:    Much like groundwater, LNAPL can be perched
on finer-grained soils in the vadose zone,  although the underlying
processes  that  cause  LNAPL  and  groundwater  to  perch  are
different. Apparent NAPL thickness (ANT) and recovery from wells
that are cross-screened across perching layers down to the water
table can exhibit behavior that is contrary to expectations. Perched
LNAPL may create exaggerated ANTs that are not representative
of  LNAPL  mobility  or  recoverability  in  wells  and  could  lead  to
misdirected remediation efforts.
 
In  previous  issues  we  have  discussed  various  explanations  for
exaggerated ANT gauged in wells, including Confined and Perched
LNAPL.  In this  issue we will  define  what  we mean by  Perched
LNAPL,  identify  conditions  under  which it  may  occur  and outline
some diagnostic approaches for identifying perched LNAPL.
 
Definition:    Perched light  non-aqueous phase liquid  (LNAPL)  is
mobile LNAPL that  accumulates in the vadose zone of  a site for
some time period above a layer that exhibits a pore entry pressure
greater  than  the  LNAPL  head  pressure,  thereby  impeding  the
downward migration of LNAPL.
 
INTERPRETATION:    As described in the ANSR issue on Confined
LNAPL, groundwater is typically considered to be the “wetting” fluid
when both groundwater  and  LNAPL are  present  because  water
preferentially adheres to sediment  surfaces and fills  small pores.
LNAPL (the  “non-wetting”  fluid)  typically  occurs  in the  center  of
large pores isolated from pore walls by water.  A measure of  the
resistance to non-wetting phase (LNAPL) displacement of  wetting
phase (water) from pore space is called the entry pressure, which
can be significant at locations exhibiting large variations in pore size.
 
As grain size and associated pore sizes decrease, finer soils have a
lower hydraulic conductivity and tend to retain more moisture. Due
to this retained moisture the finer-grained soils possess pore entry
pressure inhibiting LNAPL downward migration. In contrast  to this
pore entry pressure barrier,  it  is the lower conductivity of the soil
that  retards  the  downward  migration of  water  (wetting  fluid  not
subject to pore entry pressure).
 

Cross-sectional view of perched LNAPL. AN and NW are Air/NAPL
and  NAPL/Water  interfaces,  respectively;  PPE  is  pore  entry
pressure,  Pcn  is  NAPL  capillary  pressure,  and  the  symbol
following  Pcnmeans  “is proportional to”; Kv1 and Kv2 are vertical
hydraulic conductivities of the layer containing mobile LNAPL and
the perching layer, respectively; GW is groundwater and CGWS is
calculated groundwater surface.
 
Typically an LNAPL perching layer can be identified by the expected
changes in soil properties such as grain size and permeability that
lead to high pore entry pressures. In such cases, LNAPL in cross-
screened  monitoring  wells  will  exhibit  a  perched  response  on a
Hydrostratigraph.  Adequate site characterization (e.g.,  continuous
cores,  CPT/LIF)  and well  completion intervals  are  critical  to  the
recognition of perched LNAPL. If a well is screened only across a
perched  LNAPL  zone  (with or  without  the  presence  of  perched
groundwater)  and terminates at  or  above the top of  the perching
layer  below,  a  Diagnostic  Gauge  Plot  or  Discharge  versus
Drawdown Graph will typically indicate unconfined conditions. If  a
well  is  screened  across  and  below  the  perched  mobile  LNAPL
interval,  a Diagnostic Gauge Plot  or  Discharge versus Drawdown
Graph may indicate perched LNAPL.
 
SUMMARY:    Mobile LNAPL is perched when pore entry pressure
in the vadose zone layer underlying the LNAPL is greater than the
LNAPL capillary pressure. If a well is screened across the mobile
LNAPL interval  above  the  perching  layer  and  is  also  completed
below the top of  the perching layer,  then the well may act  as a
sump for LNAPL to accumulate until it equalizes with the top of the
mobile LNAPL interval above the perching layer. This sump effect
results in an exaggerated apparent  NAPL thickness (ANT)  in the
well that is not representative of LNAPL mobility or recoverability. In
addition,  the  well  may  act  as  a  conduit  for  perched  LNAPL  to
migrate to deeper groundwater.
 
The  maximum drawdown that  perched  LNAPL  can “see”  is  the
thickness of mobile LNAPL above the perching layer. Consequently,
no  matter  how  much  groundwater  drawdown is  applied  to  an
aquifer  below  the  perched  LNAPL,  LNAPL  production  will  not
increase.  Applied  vacuum  may  be  more  effective  in  perched
conditions for increasing drawdown to LNAPL.
 
REAL  WORLD  LIMITATIONS:    A  word  of  caution –  Perched
LNAPL may  be  ephemeral  in fluctuating  groundwater  conditions.
Vertical  gradients  or  macropores  with low  pore  entry  pressures
(e.g.,  faults,  fractures,  root  holes)  often  naturally  present  in
fine-grained soils may result in vertical migration of LNAPL through
otherwise  perching  layers.  The  conditions  described  represent
selected  points  within a  large  range  of  complex realizations  of
combinations of  liquid pressures,  multiphase fluid mechanics,  and
hydrodynamic  groundwater  conditions.  Diagnostic  Gauge  Plots,
Hydrostratigraphs,  and Discharge versus Drawdown Graphs may
help to distinguish these various conceptual site model conditions.
As always, multiple lines of evidence should be used.
 
 
Disclaimer:    The statements,  views and opinions expressed in this article are
solely  the views of  the Author(s).  Every  effort has been made to ensure the
accuracy of all the information contained in this article; however, no guarantees,
representations,  and/or  warranties whatsoever  are made as to the accuracy,
completeness or suitability for any purpose of the article content. The Author(s)
and/or  the  company(s)  that  are  mentioned  in  this  article  shall  not  be  held
responsible  for  any  claim,  loss,  damage  or  inconvenience  arising  from or
resulting from any of the information contained in this article. Any such reliance is
at the reader’s sole risk. All copyright and trademarks mentioned in this article are
owned by  the  respective  companies and shall  not  be  reused without  written
consent from such owners.
 

copyright 2011
H2A Environmental, Ltd.

(682) 593-0220
http://www.h2altd.com/

 

mailto:mhawthorne@h2altd.com
http://www.h2altd.com/
mailto:mark.adamski@bp.com
http://www.bp.com/bodycopyarticle.do?categoryId=1&contentId=7052055
mailto:sanjay.garg@shell.com
http://www.shell.com/
mailto:andrew.kirkman@aecom.com
http://www.aecom.com/
mailto:mike.hawthorne@h2altd.com
mailto:mike.hawthorne@h2altd.com
http://www.battelle.org/conferences/bioremediation/
http://www.icontact-archive.com/IXYNsGudxSsIUD6HuogSpQ7nKzsL4SXY
http://www.icontact-archive.com/IXYNsGudxSsIUD6HuogSpblft2mtIAJM
http://www.icontact-archive.com/IXYNsGudxSsIUD6HuogSpZe57AU68Oum
http://www.icontact-archive.com/IXYNsGudxSsIUD6HuogSpZe57AU68Oum
http://www.icontact-archive.com/IXYNsGudxSsIUD6HuogSpblft2mtIAJM
http://www.icontact-archive.com/IXYNsGudxSsIUD6HuogSpZe57AU68Oum
http://www.icontact-archive.com/IXYNsGudxSsIUD6HuogSpZe57AU68Oum
http://www.h2altd.com/
http://www.api.org/ehs/groundwater/lnapl/index.cfm
http://www.astm.org/Standards/E2531.htm
http://www.etc-cte.ec.gc.ca/databases/OilProperties/
http://www.epa.gov/superfund/health/conmedia/gwdocs/non_aqu.htm
http://www.itrcweb.org/teampublic_LNAPLs.asp
http://www.itrcweb.org/guidancedocument.asp?TID=8
http://www.rtdf.org/public/napl/training/
http://www.rtdf.org/public/napl/publications/
http://toxics.usgs.gov/definitions/lnapls.html
http://www.h2altd.com/knowledge-center


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


