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hydrogeologyhydrogeology

• Gateway wellfield, HermanusGateway wellfield, Hermanus

• Initial resultsInitial results
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IGCP 565 contributionsIGCP 565 contributions

• Support Support capacity building for South Africa in field of capacity building for South Africa in field of 
space-geodetic data processingspace-geodetic data processing, modeling of , modeling of 
hydrological cycle, and interpretation of observations hydrological cycle, and interpretation of observations 
in terms of terrestrial water storage;in terms of terrestrial water storage;

• Interpret space-geodetic observations in terms of Interpret space-geodetic observations in terms of 
regional groundwater and soil moistureregional groundwater and soil moisture changes; changes;

• Improve Improve geodetic modelinggeodetic modeling underpinning processing  underpinning processing 
of observations and extraction of highly accurate of observations and extraction of highly accurate 
information on changes in terrestrial water storage;information on changes in terrestrial water storage;

• Promote Promote practical use of products for regional water practical use of products for regional water 
managementmanagement through interaction with water  through interaction with water 
management authorities, particularly in developing management authorities, particularly in developing 
countries of Africacountries of Africa



  

Table Mountain Group Table Mountain Group 
(TMG) hydrogeology (TMG) hydrogeology 



  

TableTable  Mountain GroupMountain Group

Outcrop and subsurface Outcrop and subsurface 
extentextent



  

TMG StratigraphyTMG Stratigraphy
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TMG HydrostratigraphyTMG Hydrostratigraphy

Palaeozoic Palaeozoic 
(Ordovician-(Ordovician-
Silurian) Silurian) 
aquifers and aquifers and 
aquitardsaquitards

Late-Late-
Ordovician Ordovician 

Mass Mass 
ExtinctionExtinction



  

Amazon delta analogueAmazon delta analogue

But no land plants But no land plants 
in Ordovician!in Ordovician!



  

TMG PalaeogeographyTMG Palaeogeography  

OriginsOrigins

Deposition of TMGDeposition of TMG  
at mouth of at mouth of 
Amazon-scale Amazon-scale 
river system river system 
draining southern draining southern 
front of vast front of vast 
Famatinian-Famatinian-
Taconic mountain Taconic mountain 
belt in collision belt in collision 
zone between zone between 
Gondwana and Gondwana and 
Laurentia Laurentia 



  

TMG groundwater TMG groundwater 

• Fractured quartzitic aquifer of immense Fractured quartzitic aquifer of immense 
thickness and wide areal extentthickness and wide areal extent

• Underlies scenic mountainous topography Underlies scenic mountainous topography 
•Controls orographic precipitation (rainfall/

snow) patterns with strong gradients and 
seasonality

•Supports an exceptionally diverse 
mountain biome within the unique Cape 
Floral Kingdom (“fynbos”) 

• Major groundwater resource potential and Major groundwater resource potential and 
unique natural setting for study of fluid unique natural setting for study of fluid 
migration and storage in geochemically migration and storage in geochemically 
simple systemsimple system



  

TMG regional flow systemsTMG regional flow systems

Thermal springs Thermal springs 
and deep and deep 

groundwater flow groundwater flow 
systemssystems



  

TMG deep groundwaterTMG deep groundwater

Fluid Flow in Fractured Fluid Flow in Fractured 

RockRock  
Fracture Porosity and Fluid Fracture Porosity and Fluid 
Pressure Pressure 
   ‘   ‘The in-situ porosity and permeability The in-situ porosity and permeability 
of fractured rocks are generally of fractured rocks are generally 
considered to be a function of fluid considered to be a function of fluid 
pressure …  (there is) abundant evidence pressure …  (there is) abundant evidence 
that that fractures “breathe”fractures “breathe”, or open and , or open and 
close in response to changes in fluid close in response to changes in fluid 
pressure.  As there is a direct pressure.  As there is a direct 
relationship between fluid pressure and relationship between fluid pressure and 
aperture opening (and, consequently, aperture opening (and, consequently, 
permeability) there follows some permeability) there follows some 
relationship between fracture strength, relationship between fracture strength, 
frictional resistance to sliding, and fluid frictional resistance to sliding, and fluid 
pressure.’pressure.’

(Domenico & Schwartz, 1990, p. 53)(Domenico & Schwartz, 1990, p. 53)



  

Deep groundwater studiesDeep groundwater studies
Cape Fold Belt contextCape Fold Belt context

Swartberg RangeSwartberg Range

Outeniqua RangeOuteniqua Range

Little KarooLittle Karoo

DAGEOS study areaDAGEOS study area

CAGE study areaCAGE study area

CoCT study areaCoCT study area

Overstrand study areaOverstrand study area



  

Gateway wellfield, Gateway wellfield, 
HermanusHermanus



  

  Digital geology-topography  



  

Hermanus Geological SettingHermanus Geological Setting



  

Geological profileGeological profile

Gateway compartmentGateway compartment

Gateway wellfield in confined Peninsula FormationGateway wellfield in confined Peninsula Formation
between Hermanus and Attakwaskloof faultsbetween Hermanus and Attakwaskloof faults



  

Gateway wellfield and HMOGateway wellfield and HMO

Gateway wellfieldGateway wellfield

Hermanus Magnetic Hermanus Magnetic 
ObservatoryObservatory



  

South African TrigNet systemSouth African TrigNet system

• Network of permanent continuously Network of permanent continuously 
operating GPS (cGPS) base stationsoperating GPS (cGPS) base stations

• Distributed throughout South Africa at Distributed throughout South Africa at 
approximately 200 – 300 km spacingapproximately 200 – 300 km spacing

• All stations record 1-second epoch data on All stations record 1-second epoch data on 
both GPS frequencies (L1 and L2) through both GPS frequencies (L1 and L2) through 
geodetic-standard choke ring antennasgeodetic-standard choke ring antennas

• 21 stations stream data continuously to 21 stations stream data continuously to 
TrigNet control centre in National TrigNet control centre in National 
Geospatial Information DirectorateGeospatial Information Directorate

• Available within 30 minutes after each hour Available within 30 minutes after each hour 
for 24 hours a dayfor 24 hours a day



  

TrigNet station distributionTrigNet station distribution

HNUSHNUS



  

Receiver and comms unitReceiver and comms unit

• Ashtech Ashtech 
receiver receiver 

• E-BoxE-Box



  

Antenna & signal acquisitionAntenna & signal acquisition
• Trimble Trimble 

Zephyr Zephyr 



  

Instrument challengesInstrument challenges

• Getting recycled receivers to work with Getting recycled receivers to work with 
new antennaenew antennae

• Connecting receivers to i-box / e-boxConnecting receivers to i-box / e-box

• Installing software in e-boxInstalling software in e-box
– No CD/DVD drive

– Windows embedded



  

Construction and establishmentConstruction and establishment

• Pillar to bePillar to be

–  rigid

–  firmly  
anchored    
to borehole 
plinth



  

Security issuesSecurity issues
• Locked box & fencingLocked box & fencing



  

cGPS at Gateway wellfieldcGPS at Gateway wellfield
• Water Research Commission - R&D : Umvoto, CDSM and Purdue Water Research Commission - R&D : Umvoto, CDSM and Purdue 

University, USAUniversity, USA

• Monument and antenna installation at wellheads (Nov 2008) for Monument and antenna installation at wellheads (Nov 2008) for 
measurement of surface subsidence during groundwater abstractionmeasurement of surface subsidence during groundwater abstraction

Provides practical new approach to measuring compressibility Provides practical new approach to measuring compressibility 
parameters for confined aquifer storage, modelling storage parameters for confined aquifer storage, modelling storage 
fluctuationsfluctuations



  

Initial results Initial results 



  

Hydro-monitoring components Hydro-monitoring components 

•Water-level in fractured-rock 
aquifer

•Water-level in primary alluvial 
aquifer

•Water quality in fractured-rock 
aquifer

•Spring & surface-water flow rate 
and quality

•Rainfall, atmospheric temperature 
& air-pressure

•Record of abstraction rates and 
volumes



  

Gateway and HMO cGPSGateway and HMO cGPS



  

HY 2008-09 Test PumpingHY 2008-09 Test Pumping

HGW1 & HGW2
HGW3

WL AlertsWL Alerts



  

Pumping switch-off observationsPumping switch-off observations



  

HGW1-HGW2 HGW1-HGW2 
ResultsResults

•  Distance between 
GWP02 pumping 
borehole & GWP01 
(bottom panel) 
remains unchanged

•  No clear signal 
associated with 
simultaneous 
pumping switch-off at 
GWP02 and GWE06

end pumping



  

HGW3 ResultHGW3 Result
Horizontal motion of GWE06 relative to HNUS 

end pumping

Signal ?Signal ?



  

HGW3 resultsHGW3 results

end pumping

Vertical motion relative to HNUS

Signal ?Signal ?

NB    Drawdown limitation to <25-NB    Drawdown limitation to <25-
30 m because of seawater intrusion 30 m because of seawater intrusion 
hazard may mean weak signalhazard may mean weak signal



  

Interpretation issueInterpretation issue

• Need to Need to 
account for account for 
3D 3D 
deformation deformation 
and stress and stress 
transients in transients in 
layered layered 
aquifer-aquifer-
aquitard aquitard 
systemsystem

Jacob model (1D) oversimplifiesJacob model (1D) oversimplifies

““Noordbergum effect” shownNoordbergum effect” shown

Fabian, 2004Fabian, 2004



  

Future development?Future development?



  

• System reaches System reaches 
equilibriumequilibrium

• Compressed spring Compressed spring 
reflects   added Load Breflects   added Load B

• DDrropop in hydrostatic  in hydrostatic 
pressure indicates pressure indicates level level 
of of water removedwater removed

Final 
Hydrostat
ic 
Pressure

Classic Jacob RelationClassic Jacob Relation
(assuming (assuming solely vertical solely vertical 
strain in aquiferstrain in aquifer))

Ss = w g (p  + n w)  

            SSs = Specific Storage (m-1)

w= mass density of water (kg m-3)

g = gravitational acceleration (m s-2)

p = skeletal compressibility 
of aquifer matrix (Pa-1) 
w = compressibility of water (Pa-

1) 
n = effective porosity

Water Cylinder = Aquifer Storage
Spring = Compressibility of Aquifer 

Matrix
Plug = Borehole

A

B

z- z2

Confined aquifer compressibilityConfined aquifer compressibility

NB: SNB: Sss component due to pore compressibility  component due to pore compressibility 

does not involve porositydoes not involve porosity



  

Gateway steady-state modelGateway steady-state model
Position of modelled Hermanus Fault

NE

Alice Dodman, 2008Alice Dodman, 2008



  

Transient modelTransient model
Set-up: - calibrated using 2005 pump test

- recharge boundary converted to CH 
  boundary to assess impact of abstraction

Results:- No modelled drawdown in Skurweberg
- Interference between production boreholes
- GWE06 and GWE02 connected by 
  high K fault (in early simulations modelled   
  drawdown in abstraction borehole GWE06    
  underestimated by approximately 20 m)
- Mass balance indicates CH inflow ~ constant



  

Poroelastic modelling Poroelastic modelling 

• Combined solutions (2d) for pressure head Combined solutions (2d) for pressure head 
and tilt in layered half-space using POEL codeand tilt in layered half-space using POEL code
– from Fabian, 2004 

Pressure (kPa) Tilt (rad)



  

S Cape geodetic frameworkS Cape geodetic framework
Conjunctive cGPS and gravity monitoring?Conjunctive cGPS and gravity monitoring?

GFZ superconductingGFZ superconducting
gravimetergravimeter

Absolute gravityAbsolute gravity
  stationstation



  

GRACEGRACE

• GGravity ravity RRecovery ecovery AAnd nd CClimate limate EExperimentxperiment  
satellite mission – co-PI: Byron Tapley (UT Austin)satellite mission – co-PI: Byron Tapley (UT Austin)
– “GRACE's trump card is its ability to measure the 

changes in gravity caused by the movements of 
water. The satellites can detect changes in 
groundwater and river basins, which are crucial for 
farmers and environmental scientists. GRACE 
should be able to measure a 4-millimetre change in 
water height across the 32 million square kilometres 
of the Mississippi river basin”

– “Eventually,” says Tapley, “we will be able to let 
countries in Africa know how their aquifers are 
changing”.

National Geogaphic Magazine quoteNational Geogaphic Magazine quote



  

Mesquite, Nevada case studyMesquite, Nevada case study

• Comparisons with Hermanus?Comparisons with Hermanus?
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HNUSHNUS
 & &

W Coast (meteo-)tsunamiW Coast (meteo-)tsunami
studystudy



  

Tide gauges on Cape West CoastTide gauges on Cape West Coast

LuderitzLuderitz

Port NollothPort Nolloth

SaldanhaSaldanha

Granger BayGranger Bay



  

Port Nolloth tide-gaugePort Nolloth tide-gauge

PNPN



  

PN sea-level residualPN sea-level residual

??

PNPN



  

Submarine landslide sourcesSubmarine landslide sources

Chamais SlumpChamais Slump

From Ben-Avraham et al., 2002From Ben-Avraham et al., 2002



  

Observed sea-level residualsObserved sea-level residuals

LBLB

PNPN

SASA

GBGB



  

Modelled sea levelsModelled sea levels

Chamais Chamais 
sourcesource



  

W Coast W Coast 
tsunami tsunami 
analysis analysis 

HNUSHNUS

DEARDEAR

BWESBWES

CALVCALV

SBOKSBOK

UPTAUPTA

GEORGEOR

PSKAPSKA

SUTHSUTH

STBSSTBS

LGBNLGBN

CTWNCTWN

MALMMALM

20-21 August 
2008

Kinematic 
solution for 
HNUS and 11 
other TrigNet 
stations relative 
to fixed DEAR

PNPN



  

HNUS resultsHNUS results

R Wonnacott solution using BerneseR Wonnacott solution using Bernese
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