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IGCP 565 contributions

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

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

Improve geodetic modeling underpinning processing
of observations and extraction of highly accurate
Information on changes In terrestrial water storage;

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



Table Mountain Group
(TMG) hydrogeology



Table Mountain Group
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TMG Stratigraphy

Cedarberg view




TMG Hydrostratigraphy

Table 1

Palaeozoic
(Ordovician-
Silurian)
aquifers and
aquitards



Amazon delta analogue
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TMG Palaeogeography

PACIFIC OCEAN

front of vast
Famatinian-

mid-Ordovician
{ca. 450 Ma)




TMG groundwater

* Fractured quartzitic aquifer of immense
thickness and wide areal extent
* 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
unigue natural setting for study of fluid
migration and storage in geochemically



TMG regional flow systems

ermal springs
and deep
graundwater flow
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TMG deep groundwater

Fluid Flow in Fractured

Rock _ _
Fracture Porosity and Fluid

Pressure

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



Deep groundwater studies
Cape Fold Belt context
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Gateway wellfield,
Hermanus
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Hermanus Geological Setting
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Geological profile

Gateway wellfield in confined Peninsula Formation
between Hermanus and Attakwaskloof faults
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Gateway wellfield and HMO

Hermanus Magnetic
Observatory
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South African TrigNet system

* Network of permanent continuously
operating GPS (cGPS) base stations

* Distributed throughout South Africa at
approximately 200 — 300 km spacing

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

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

 Avalilable within 30 minutes after each hour
for 24 hours a day



TrigNet station distribution
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Recelver and comms unit

* Ashtech
receiver




Antenna & signal acquisition

* Trimble




Instrument challenges

* Getting recycled receivers to work with
new antennae

* Connecting receivers to I-box / e-box

* Installing software in e-box
—No CD/DVD drive
—WIindows embedded
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Security issues

* Locked box & fencing

receiver &

eHox housing




cGPS at Gateway wellfield

Water Research Commission - R&D : Umvoto, CDSM and Purdue
University, USA

scl0 :)

measurement of surface subsidence during ¢ rolmrlv\ Jeltaf elgsifeicior]

‘/ ——

Provides practical new approach to measuring compressibility

parameters for confined aquifer storage, modelling storage
fluctuations

Monument and antenna installation at wellhegaidS{INGYAZ005)NG):




Initial results



Hydro-monitoring components

e \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

e Rainfall atmospheric temberature



Gateway and HMO cGPS




HY 2008-09 Test Pumping
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Pumping switch-off observations

Water level (mamsl)
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HGW1-HGW?2
Results

North {mm})

* Distance between
GWPO02 pumping
borehole & GWPO1
(bottom panel)
remains unchanged

East (mm)

Up (mm)

* No clear signal
associated with
simultaneous
pumping switch-off at
GWPO02 and GWEOG6
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HGW3 Result

Horlzontal motlon of GWEO6 relatlve to HNUS
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HGW3 results

Vertical motion relative to HNUS

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



Interpretation issue

Jacob model (1D) oversimplifies

“Noordbergum effect” shown
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Future development?



Confined aquifer compressibility

* System reaches Classic Jacob Relation
equilibrium (assuming solely vertical
* Compressed spring strain in aquifer)
reflects added Load B S.,.=p,9(, +nB,)
* Drop in hydrostatic
pressure indicates level S, = Specific Storage (m)
of water removed p,,= mass density of water (kg m=3)

g = gravitational acceleration (m s?)

B, = compressibility of water (Pa-
A l)
n = effective porosity

Final
Hydrostat

Te \Water ("ylinripr — Aquifpr anragp

QRSN NB: S, component due to pore compressibility

does not involve porosity
Plug = Borehole




Alice Dodman, 2008
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Transient 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
- GWEO06 and GWEO2 connected by

high K fault (in early simulations modelled
drawdown in abstraction borehole GWEOQ06
underestimated by approximately 20 m)

- Mass balance indicates CH inflow ~ constant

Mass Balance Summary for Entire Model
CH Inflow

Storage Inflow
Recharge Inflow

Well Qutflow

GHB Outflow

CH Outflow

Storage Outflow
Total Inflow
Total Outflow

Error




Poroelastic modelling

* Combined solutions (2d) for pressure head
and tilt in layered half-space using POEL code

— from Fabian, 2004
Pressure (kPa) Tilt (prad)

Porendruck [kPa] (POEL solution), layered full-space (sand. loam. finesand). Q, 100 m*h at depth 100
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S Cape geodetic framework

Conjunctive cGPS and gravity monitoring?
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GRACE

* Gravity Recovery And Climate Experiment
satellite mission — co-Pl: Byron Tapley (UT Austin)

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

National Geogaphic Magazine quote



Mesquite, Nevada case study

* Comparisons with Hermanus?

Sy Journal
& . k | Journal of Hydrology xx (2005) 1-20 HYdrOIOQY
LSEVIER www elsevier.com/locate/fjhydrol

Three-dimensional deformation and strain induced by municipal
pumping, part 1: Analysis of field data
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study



Tide gauges on Cape West Coast
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Mini-tsunami hits Cape coast

JOHARMESBURG, SOUTH AFRICA Aug 24 2008 10053
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A mini-tsunami has hit the Cape West coast
without prior warning, the South African
Broadcasting Corporation reported on

Saturday. Cape Town Ww
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Port Nolloth tide-gauge

—— Qriginal 3-min data
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PN sea-level residual
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Submarine landslide sources

Chamais Slump

Mud Volcane

@ Gas hydrate /| Mud volcano zone
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