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Observations following 10 years of Bioreactor Operations in a South-Central Texas Fractured Bedrock Aquifer

Background & Design

Site Description/Background

Camp Stanley Storage Activity (CSSA) is a
U.S. Army post located in South Central
Texas. The primary groundwater source is
the Middle Trinity Aquifer consisting of the
Glen Rose formation and deeper Cow
Creek formation. Soil cover is minimal with
an underlying fractured, limestone
groundwater source with some karst
development. In the early 1990’s, a
chlorinated solvent plume containing
Tetrachloroethene (PCE) and its
degradation products was discovered in
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an old landfill area later designated Solid
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Waste Management Unit B-3. The

trenches in the landfill range in depth
from b-15 feet and are approximately 350
400 feet long and 12 feet wide. In 2007,
an in situ pilot scale bioreactor was
installed to begin remediation on
contaminated groundwater by first
removing waste in the trenches and then
backfilling with a gravel/mulch substrate.
To stimulate biodegradation, a conveyance
and distribution system was constructed
within the backfilled trenches and twelve
monitoring sumps were installed.

Objectives

« Utilize long-term data sets
to evaluate success of the
bioreactor treatment
system over a 10-year
period (2007-2017)

* Examine performance
parameter expectations to
help determine the overall
effectiveness of the
bioreactor system in
achieving remedial
objectives and operational -
endpoints Bioreactor Treatment Zone

* Determine if current
monitoring protocol should
be revised to include data
specific to multiple
degradation mechanisms
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Parameter Performance Expectation
Dehalococcoides (DNA) > 1.E+04 cells/mL (baseline)
Hydrogen (H) 2-11 nm/L
Total Organic Carbon (TOC) >20 mg/L
Ferrous Iron (Fe?") > 1 mg/L
Sulfate (S04?) <20 mg/L
Methane (CHy) > 0.5 mg/L
Sulfide (S5) <20 mg/L
Chloride (CI) > 100 mg/L
Carbon Dioxide (CO») >50 mg/L
Dissolved Oxygen (DO) <0.5mg/L
pH 6.5-7.5
Conductivity (Cond.) > 0.500 m-mho/cm
Oxidation Reduction Potential (ORP) <-100 mv
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Injected Groundwater VOC Concentrations
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Ref: Principles and Practices of Enhanced Anaerobic Bioremediation of
Chlorinated Solvents. (2004)
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Gallons extracted from surrounding extraction wells correlate with increases in rainfall and

the installation of additional extraction wells since bioreactor start-up in 2007.

1. The flood test in 2009 revealed the underlying area beneath the trenches fills
regionally from the bottom up and responds to significant rainfall very rapidly.

2. Bioreactor construction included the installation of injection lines, sumps, geotextile
fabric, and a mulch pea-gravel substrate to stimulate anaerobic bioremediation. The
trenches were recharged with cedar mulch in 2011 and new improved injection lines
were installed.

3. 1In 2008, bioaugementation of KB-1 Dehalococcoides spp. was injected into Trench 1.

4. The latest substrate injection in March 2017 included pumping 1,590 gallons of
lactate and 265 gallons emulsified vegetable oil within the subsurface of the trenches
and nearby shallow injection wells to seed Dehalococcoides microbes.

BATTELLE 2018 CHLORINATED CONFERENCE | Bradly Dietert | Jessica MacQueen | Ken Rice | Jason Shirley | Gregory Lyssy (USEPA)

180
160
140
120

—
0 100
5
80
60
40
20
0
A A (o) (o) O ©)) Q Q N N > &) ™ ™ H ) © ©
S S FFPLPLTPPIIPIFIIPFPFIIFFPH
3% Vv 3% Vv Vv 3 3% Vv 3% 3% Vv 3 3% Vv 3% 3 Vv Vv 3% Vv
o o o o o o o o o o o @ o @ o o o o o o
AP N L LN P U L LN P N L U LN N L P U L LN U LN
NS S A S L S S S M MR A N S

—e—PCE —e—TCE =—@=cis-DCE

chlorinated solvents and increasing concentration of degradation products (cis-DCE, Vinyl chloride, and Ethene) in the bioreactor trenches.

Observations/Conclusions

Geochemical data comparing injected groundwater VOC concentrations with products in trench 1-sump 2 (T1-2) indicates decreasing concentrations of

Increases in vinyl chloride and ethene indicates reductive dechlorination is occurring

in the bioreactor treatment zone

Lag periods in Dehalococcoides DNA are possibly due to competing terminal electron

acceptors (other halorespiring bacterium)

Refresh events (mulch, bioaugmentation, lactate) seem to be tied to favorable
performance indicator expectations

Unfavorable TOC concentrations suggest this may be a performance parameter which
could be removed from the performance monitoring suite-Similarly H*, CI, and SO,*

may be considered for reduced data collection
Data indicates some performance parameters indicative of the geochemical

environment naturally present in the treatment zone have remained stable since

2007 (pH, conductivity, temperature and dissolved oxygen)

Some parameters (Fe?*, S,,, CO,, conductivity, and pH) may play more of a diagnostic

role rather than supportive role in performance monitoring of the bioreactor

Ten year performance monitoring program of the bioreactor has provided better
insight on the relation between hydrology, geochemistry, and biology in order to
successfully achieve biodegradation of chlorinated ethenes in a karst aquifer




	Observations following 10 years of Bioreactor Operations in a South-Central Texas Fractured Bedrock Aquifer


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (Adobe RGB \0501998\051)

  /CalCMYKProfile (Coated GRACoL 2006 \050ISO 12647-2:2004\051)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /UseDeviceIndependentColor

  /DoThumbnails true

  /EmbedAllFonts true

  /EmbedOpenType true

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments false

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings false

  /StartPage 1

  /SubsetFonts false

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile (Parsons)

  /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 true

  /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 (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV <>

    /HUN <>

    /ITA <>

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /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 <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU <>

  >>

  /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 [1200 1200]

  /PageSize [612.000 792.000]

>> setpagedevice



