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Overview

• Regulatory Bases for Evaluating the Need for Remediation

• Integrate Modeling with Monitoring

• Conceptual Site Model and Information Needed to Confirm

• Uncertainties in Conceptual Site Models

• Dose Assessment to Determine Need for Remediation

• Range of Remediation Methods Available

• Formulate 3-D Realistic Model to Evaluate Remediation Alternatives and 
Performance

• Information Sources
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Regulatory Bases for Evaluating
the Need for Remediation

Minimization of contamination required at new nuclear 
facilities [10 CFR Part 20.1406 (a) (b)] 
• How facility design and operating procedure will minimize to the 

extend practicable contamination of the facility and the environment
• Facilitate eventual decommissioning and minimize generation of 

radioactive wasteradioactive waste 

Existing radionuclide contamination at operating facilities

Facilities being decommissioned with residual radionuclides

Modeling and monitoring establish technical basis for 
decision-making on the need for and selection of 
remediation methods
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Integrate Modeling with Monitoring

Site-Specific modeling benefits for evaluating need for remediation:

Integrates disparate characterization and monitoring data into 
a logical framework
Reduces uncertainties and optimizes locations for sampling/
monitoring to confirm hydrogeologic system behavior
Forecasts impacts (doses due to exposure and uptake)
Provides bases for decision-making on the need to remediate
Assists in designing and monitoring remediation program 
(e.g., monitored natural attenuation thru pump-and-treat)
Identifies Performance Indicators as measurable quantities 
for both monitoring and modeling
Communicates understanding of the system to the public and 
facilitates technical interactions
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Conceptual Site Model

• Simplified representation 
of the site with significant 
FEP’s

Select organize and Contaminated

AHanford 300 Area

Historical Disposal Unit 11

33• Select, organize and 
communicate information 
in 3-dimensional 
visualizations

• Subject to testing with 
new characterization and 
monitoring data
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Conceptual Model of Complex Site with Multiple  Sources

from Ward et al. (1997) after Caggiano et al. (1996)
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Information Needed to Confirm
Conceptual Site Hydrologic Model

Natural and engineered features, structures, backfills and 
soil-rock interfaces, boundary conditions and time-
dependent processes
Potential sources of contaminant releases
Regional and site hydrologic setting (perched water, g y g g (p
aquifers, surface- water bodies, springs, wetlands and 
drainage systems)
Local drinking water sources (ground- and surface-water 
sources)
Existing ground-water wells and monitoring points onsite 
and offsite
Depth to the water table and surface-water body elevations
Historical details on contaminant releases
Ground-water gradients, flow directions and velocities 8



Anthropogenic Features for Considering
Alternative Conceptual Site Models

• Pathways for rapid spread of leaking 
contaminants 
– pipe or cable trenches 
– gravel backfill

• May drive contaminants in directions not 
predicted by contouring a few datapredicted by contouring a few data 
points on a water-table map   

• Local precipitation drainage (roof and 
storm drains) 

• Sources of leaks 
– can inject large amounts of water into the 

vadose zone, sometimes creating perching 
– drive ground water and contaminants in 

directions not predicted based on water 
levels from scattered monitoring wells

GPR Images
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Uncertainties in Conceptual Models

Sources:
Incomplete knowledge of the 
subsurface system
Measurement error in 
characterizing the system’s   
features, events and processes , p
(FEPs)
Natural variability in the system’s 
spatial properties,  temporal events 
and transient external stresses
Disparity in scales of sampling, 
monitoring and simulation relative 
to actual dimensions of the FEPs
Parameter estimation
Scenario definition
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Dose Assessment to Determine Need for Remediation

Decision to remediate based upon 
source and site characterization,  
monitoring and modeling

Identify contaminant sources
Determine if releases are continuous or
episodic, their radiochemistry and mass flux
Collect soil and water samples to estimate
contaminant concentrations and properties
Identify subsurface pathways to receptors
Estimate attenuation and sorption characteristics of subsurface 
Calculate dose to receptors and compare to dose criteria

If Dose exceeds regulatory criteria consider the need for
remediation
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Range of Remediation Techniques

Increasing Costs Passive Remediation
Active Remediation

Pump &
Chemical 
Remediation,

Bioremediation:
Forced Gradient Monitored

Increasing Technical Uncertainty

Excavation
&
Removal

Treat
Remediation, 
Abiotic
Treatment 
Zones or 
Walls

Forced Gradient

Bioremediation:
Natural Gradient

Monitored
Natural
Attenuation
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Formulate 3-D Realistic Model to
Evaluate Remediation Alternatives and Performance

C bi CSM i h fl dCombine CSM with flow and 
transport details (e.g., influence of 
nearby pumping wells) to generate 3-D 
visualization of data 

Use flow and transport modeling to 
confirm CSM reflects observed 
monitoring data 

Once validated, used flow and 
transport modeling to evaluate 
remediation alternatives

13from NUREG/CR-6948



Information Source – NUREG/CR-6948

• Technical bases for 
developing guidance on 
ground-water monitoring 
for NRC-licensed sites

• Systematic methodology to 
integrate monitoring with 
modeling

• http://www.nrc.gov/reading-rm/doc-
collections/nuregs/contract/cr6948/v1/
index.html
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Information Source – NUREG/CR-6948

• Lessons-Learned for 
developing guidance on 
ground-water monitoring for 
NRC-licensed sites

• Case Studies which includes 
Brookhaven radionuclide 
plume remediation and 
monitoring

• http://www.nrc.gov/reading-rm/doc-
collections/nuregs/contract/cr6948/v2/
index.html
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Information Source – NUREG/CR-6973

• Overview of in situ uranium bioremediation 
which identifies and prioritizes field 
performance indicators for evaluating its 
effectiveness.

• Performance indicators to be monitored and 
modeled are based on currentmodeled are based on current 
biogeochemical understanding of uranium.

• Confirmation monitoring is vital to 
demonstrating long-term success of U-
bioremediation and provides a significant 
assurance that regulatory goals will be met. 

• http://www.nrc.gov/reading-rm/doc-
collections/nuregs/contract/cr6973/index.html
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Monitoring to Determine Efficacy of In Situ Bioremediation

Photo of wells and sampling apparatus including flow cell for measurement of pH, Eh, DO, T,
and conductivity during slow purge sampling.  Foreground shows injection manifold and

stainless steel injection lines to injection wells. [ From Long, Yabusaki et al, 2008 (PNNL-17295) ] 17



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /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 true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /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 /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


