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Group on Earth Observation Group on Earth Observation 
(GEO) (GEO) 

proposal call and responseproposal call and response



  

AimsAims
• To demonstrate the use of high-precision GNSS technology To demonstrate the use of high-precision GNSS technology 

as a tool for groundwater resource monitoring and as a tool for groundwater resource monitoring and 
assessmentassessment

• To demonstrate the use of high resolution radar satellite To demonstrate the use of high resolution radar satellite 
(SAR) imagery as a tool for groundwater resource monitoring (SAR) imagery as a tool for groundwater resource monitoring 
and assessmentand assessment

• To develop the methodology for relating SAR image To develop the methodology for relating SAR image 
interpretation and GNSS measurements of natural or interpretation and GNSS measurements of natural or 
abstraction-induced surface deformation and conjunctive abstraction-induced surface deformation and conjunctive 
hydrogeological data in order to derive the in-situ, bulk elastic hydrogeological data in order to derive the in-situ, bulk elastic 
properties (e.g., skeletal compressibility) of an underlying properties (e.g., skeletal compressibility) of an underlying 
confined fractured-rock aquiferconfined fractured-rock aquifer

• To build South African capacity to establish the technical To build South African capacity to establish the technical 
infrastructure (e.g., telemetry systems) and implement the infrastructure (e.g., telemetry systems) and implement the 
data-processing methods required for a pilot GNSS-for-data-processing methods required for a pilot GNSS-for-
Groundwater schemeGroundwater scheme



  

PartnersPartners

Following institutions (participants) to be Following institutions (participants) to be project project 
partnerspartners::

• Purdue University, USA (Eric Calais)Purdue University, USA (Eric Calais)
• University of Nevada at Reno, USA (Hans-Peter Plag)University of Nevada at Reno, USA (Hans-Peter Plag)

• University of New Brunswick, Canada (Brigitte Leblon)University of New Brunswick, Canada (Brigitte Leblon)
• International GNSS Service (IGS) Central Bureau, International GNSS Service (IGS) Central Bureau, 

USA  (Ruth E. Neilan)  USA  (Ruth E. Neilan)  
• Department of Rural Development and Land Reform – Department of Rural Development and Land Reform – 

National Geospatial Information Directorate, South National Geospatial Information Directorate, South 
Africa (Richard Wonnacott)Africa (Richard Wonnacott)



  

Requested AssistanceRequested Assistance

• Access to radar imagery covering  Access to radar imagery covering  
Oudtshoorn (DAGEOS) project areaOudtshoorn (DAGEOS) project area

• Provision of approximately six new Provision of approximately six new 
geodetic GPS receiversgeodetic GPS receivers

• Support for training and capacity building Support for training and capacity building 
on GPS software (e.g., GAMIT/GLOBK) on GPS software (e.g., GAMIT/GLOBK) 
and radar data processing (e.g., SAR and and radar data processing (e.g., SAR and 
Interferometric processing)Interferometric processing)

• Funding for project human resource and Funding for project human resource and 
operational costs, estimated at operational costs, estimated at 
Euro 240 000 for a period of 3 yearsEuro 240 000 for a period of 3 years



  

Deep Artesian Groundwater Deep Artesian Groundwater 
for Oudtshoorn Supply for Oudtshoorn Supply 

(DAGEOS)(DAGEOS)



  

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



  

DAGEOS oblique viewDAGEOS oblique view

OudtshoornOudtshoorn

BlossomsBlossoms

15 km15 km

Hot springHot spring

Hot springHot spring



  

Outeniqua-Swartberg Outeniqua-Swartberg 
structural profilestructural profile

(after Coetzee & Haelbich, 1983)



  

Southern DAGEOS TargetsSouthern DAGEOS Targets



  

Target C1 Sub-areasTarget C1 Sub-areas

C1aC1a

C1bC1b

C1cC1c



  

Blossoms prospect, Blossoms prospect, 
Little Karoo Little Karoo 



  

C1 schematic cross-sectionC1 schematic cross-section



  

Exploration Exploration 
borehole borehole 
drillingdrilling

Complete core record of TMG 
lithostratigraphy and fracture 
structure

Top of Peninsula Aquifer at 
~300 m depth

Sealed casing to depth 426 m

End of hole at 715 m
below ground level

Continuous hourly pressure log 
for deep aquifer



  

Production well drillingProduction well drilling

Establishment in Nov 2007Establishment in Nov 2007

Diesel generator

Electric power switchboard

Reservoir



  

Water-hammer technologyWater-hammer technology

Compressor (160 bar / 16 MPa) arrayCompressor (160 bar / 16 MPa) array



  

C1b3: Artesian flow C1b3: Artesian flow 
during drillingduring drilling



  

Artesian free-flow Artesian free-flow 
test (July 2008)test (July 2008)



  

Artesian flow test – Sep-Nov 2009Artesian flow test – Sep-Nov 2009

• Layflat hose with Layflat hose with 
discharge in furrow ~5 discharge in furrow ~5 
m above wellheadm above wellhead



  

Monitoring and Monitoring and 
experimental resultsexperimental results



  

Pressure / WL monitoringPressure / WL monitoring

800 kPa800 kPa

4 m4 m

0 m0 m

0 kPa0 kPa

Peninsula AquiferPeninsula Aquifer

Skurweberg AquiferSkurweberg Aquifer

Demonstrates very effective Goudini Aquitard sealDemonstrates very effective Goudini Aquitard seal



  

Recovery analysisRecovery analysis

Drilling Testing



  

Recent free-flow testRecent free-flow test



  

Flow rate-pressure correlationFlow rate-pressure correlation



  

Peninsula-Skurweberg Peninsula-Skurweberg 
interactionsinteractions

~10 m 20 cm



  

Elastic-plate bending of Elastic-plate bending of 
confining unitconfining unit

Explains instantaneous response (~30 cm) Explains instantaneous response (~30 cm) 
of Skurweberg water level of Skurweberg water level 

to pressure changes in Peninsula aquiferto pressure changes in Peninsula aquifer



  

Future development?Future development?



  

Monitoring SitesMonitoring Sites



  

Far-field impact monitoringFar-field impact monitoring

~15 km~15 km

SAB Miller hops farmsSAB Miller hops farms

BlossomsBlossoms

GZ335GZ335

GZ337GZ337 DB7DB7



  

Transition from reliance on GW Transition from reliance on GW 
storagestorage

• NB - log scale of 
dimensionless time

• TMG parameter 
ranges
– T = 10 - 400 m2/day
– S = 0.00001   –  

0.05

• DAGEOS estimates
– T = 90 m2/day
– S = 0.004

From Sophocleus, 2002, Fig. 9, 
p. 62

4(T/S)/x4(T/S)/x22

Illustrates temporal change in % of withdrawal derived from gw storage depletionIllustrates temporal change in % of withdrawal derived from gw storage depletion



  

Drawdown-time graphs Drawdown-time graphs 
 (DAGEOS case for continuous Q) (DAGEOS case for continuous Q)

Best known T, 
S parameters 

for deep 
confined TMG 
aquifer based 

on long 
recovery from 

extended 
artesian flow

Hydraulic diffusivity (DHydraulic diffusivity (Dhh = T/S) is controlling factor = T/S) is controlling factor



  

Theis drawdown-distance modelsTheis drawdown-distance models

NB:      Much higher hydraulic 
diffusivity (Dh=T/S) assumed 
here;  drawdown perimeter 
reaches ~10 km in 6 months, 
not ~ 5 years

NB: NB: 
Pumping Pumping 
rate Q rate Q 
affects affects 
depth of depth of 
drawdown, drawdown, 
but not but not 
radius of radius of 
influenceinfluence



  

InSARInSAR

• Interferometric Interferometric 
Synthetic Synthetic 
Aperture Aperture 
RadarRadar

• Uses phase of Uses phase of 
reflected reflected 
radiationradiation



  

Aquifer deformation mappingAquifer deformation mapping

Amelung, Falk, Galloway, D.L., Bell, J.W., Zebker, 
H.A., and Laczniak, R.L., 1999, Sensing the ups and 
downs of Las Vegas - InSAR reveals structural control 
of land subsidence and aquifer-system deformation: 
Geology, v. 27, no 6, pp. 483-486.

InSAR … powerful tool to measure 
deformation of Earth's crust at 
unprecedented spatial detail and 
high degree of measurement 
resolution … often less expensive 
than obtaining sparse point 
measurements from labour-
intensive spirit-leveling and Global 
Positioning System (GPS) surveys



  

Wider “Natural Laboratory” Wider “Natural Laboratory” 
conceptconcept



  

GRACE Satellite ConfigurationGRACE Satellite Configuration



  

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



  

Continental Water StorageContinental Water Storage

• May-Aug May-Aug 
2003 2003 
differencedifference
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