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ABSTRACT 

 
The knowledge of the time to reach a new equilibrium after a hydraulic perturbation is crucial to model 
accurately the groundwater system. A hypothetical numerical model loosely based on the western margin of 
the Great Artesian Basin in Australia was used as a demonstration to estimate this time in large 
unconfined/confined aquifers. The time to reach a new steady state after a hydraulic perturbation, such as the 
cessation of the recharge in arid and semi-arid regions, is on the order of 50 ky. This time is longer than the 
present interglacial phase, i.e. 10ky since the last climate transition, and thus the hydrodynamic system is a 
transient one which is still responding to the paleo-perturbation due to recharge. Moreover, analytical 
solutions have been used to assess the time to reach a new equilibrium for several large aquifers in the world. 
The times obtained range between 0.4 and 5.8x1010 years. These values suggest that large regional scale 
aquifer systems are rarely expected to be in steady state with respect to their hydraulic behaviour. 
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1. INTRODUCTION 
 

To accurately model the regional groundwater systems, their current hydrodynamic state has to be 
determined. Changes in boundary conditions can result in transient groundwater behaviour. The time 
to reach a new equilibrium after a hydraulic perturbation is given by the time 3τ, where τ is the time 
constant and depends on the storativity, the transmissivity and the length of the aquifer. It is often 
assumed that prior to anthropogenic influences that the groundwater system was in steady state; i.e. it 
is in hydrodynamic equilibrium, because they adjust quite rapidly to any hydraulic perturbation. In 
this paper, we examine the time required to reach a new steady state after a hydraulic perturbation in 
large mixed aquifers, i.e., composed of an unconfined and a confined portion. Moreover, the time to 
reach a new equilibrium will be estimated for several large aquifers in the world. 
 
 
2. TIME CONSTANT 
 

The time constant is defined as the time required for a decaying exponential function to decrease 
by 63% of its initial value. In this study, we defined the steady state at 3τ, i.e. 5% of the initial 
perturbation remains. Analytical solutions exist to estimate the time constant. Domenico and Schwartz 
(1998) defined the time constant for a homogeneous and fully confined aquifer as: 

  Equation 1 
where τc is the time constant for a confined aquifer [T], S is the storativity [-], LT is the aquifer length 
[L], T is the transmissivity [L2.T-1]. 
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The time constant for a homogeneous and fully unconfined aquifer is (Reilly and Harbaugh, 2004): 

 Equation 2 
where in addition to Equation 1, τu is the time constant for a unconfined aquifer [T] and Sy is 
the specific yield [-]. 
 

These two relations will be used to provide a range a time constant to reach a new 
equilibrium for several large aquifers in the world.  
 
 
3. CONCEPTUAL MODEL 
 

To assess the effect of the modification of the recharge on the hydraulic heads in large aquifers a 
conceptual model loosely based on the western margin of the Great Artesian Basin (GAB) in 
Australia was used (Figure 1). The conceptual model is a mixed aquifer where the recharge occurs in 
the unconfined part and the discharge occurs at the end of the confined portion.  
 

 
Figure 1: Two-dimensional cross section of the conceptual model, indicating the boundary conditions and the initial 

hydraulic heads assumed at the end of the Pleistocene. 
 

A numerical model was used to represent the behaviour of this conceptual model to the cessation 
of the recharge at the transition Pleistocene-Holocene. The numerical code MODFLOW  was used to 
model the groundwater flow. The initial conditions of the model are assumed to be those at the 
Pleistocene-Holocene transition. At the end of the Pleistocene, the groundwater system is assumed in 
steady state with a high water level in the unconfined part (Figure 1). At the beginning of the 
Holocene, the recharge is assumed to stop and a transient simulation was run until a new steady state 
was reached.  

 
 

4. RESULTS AND DISCUSSION 
 
4.1. Hydrodynamic state of the aquifer 

 
The time to reach the new steady state for a large mixed aquifer was estimated from the evolution 

of the hydrodynamic state, represented by the evolution of the ratio of the discharge rate. A time of 
55 ky was obtained. This result is not intended to represent the actual condition on the western part of 
the GAB. Nevertheless, it provides the evidence that this kind of aquifers may show a transient 
behaviour today, i.e. 3τ is bigger than the time since the last hydrodynamic perturbation which is the 
cessation of the recharge 10 ky ago. This result suggests that large mixed aquifers may not be in 
equilibrium with the modern climate and that a part of the modern hydraulic heads result from long-
term behaviour inherited from wetter paleo-climate. 

 
 



International Conference “Transboundary Aquifers: Challenges and New Directions”(ISARM2010) 

4.2. Theoretical time constants for several large aquifers in the world. 
 

We calculated the time to reach a new equilibrium for several large aquifers in the world, which 
can be classified in three different groups. The confined aquifers group: the Hungarian Aquifer (HA-
c), the North China Plain (NCA-c) and the Western Siberia Basin (WSB). The unconfined aquifers 
group: the Hungarian Aquifer (HA-u), the North China Plain (NCP-u) and the Ogallala Aquifer (OA). 
And the mixed aquifers group: the western and eastern part of the Great Artesian Basin (GAB-w and 
GAB-e, respectively), the Dogger and the Albian in the Paris Basin (PB-D and PB-A, respectively), 
the Nubian system Aquifer (NSA), the Guarani Aquifer (GA) and the Aquitain Basin (AB) 
 

The time constants for the confined aquifers 
were calculated with Equation 1, and Equation 2 
was used to assess those of the unconfined 
aquifers. For the mixed aquifers, the two end 
members (confined and unconfined behaviour) 
were used to assess a range of time constant, 
knowing that the confined equation will give an 
underestimation and the unconfined assumption 
will give an overestimation of the time constant 
for a mixed aquifer. The results of these 
calculations are presented on Figure 2. The 3τ 
values obtained range between 0.4 and 
5.8x1010 y and for all the aquifers the upper limit 
is higher than 10 ky, i.e. time since the last 
climate transition. These results suggest that all 
these aquifers will present a long transient 
behaviour and thus they are probably not in 
equilibrium with their current boundary 
conditions. Thus the modern hydraulic heads in 
theses large aquifers are a complex mixture of 
both current and past conditions.  

 
Figure 2: Time to reach a new equilibrium in year as a 

function of the hydraulic diffusivity (m2.s-1) and the aquifer 
length (m).

 
5. CONCLUSIONS 
 
The time to reach a new steady state obtained in this study, although assessed on a theoretical 
conceptual model or from analytical solutions for homogeneous aquifers, are important and suggest 
that they are probably not in equilibrium with their present boundary conditions. The hydraulic heads 
observed in this kind of large aquifers are thus a complex mixture of both current and past conditions. 
And then, these aquifer systems may present long transient behaviour and thus the assumption of 
steady state prior to anthropogenic activities should not be used and transient models should be run. 
 
 
Acknowledgements 
 
This project is funded by the National Water Commission of Australia. 
 
 
REFERENCES 
 
Domenico, P. A. and Schwartz, W. (1998). Physical and Chemical Hydrogeology. John 

Wiley & Sons, Inc. 
Reilly, T. E. and Harbaugh, A. W. (2004). Guidelines for evaluating ground-water flow 

models. Technical report, U. S. Geological Survey. 



<<
  /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
  /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 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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /FRA <>
  >>
  /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


