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Requirements
for accurate
understanding,
characterization
and decision-
making




» Geophysical methods play an important role to
minimize the cost and efforts for exploring and
assessing groundwater aquifer systems through
providing information about the physical and
hydraulic properties of these aquifers.

» The 3-D geologic characterization of these aquifers
a challenging task for the hydrogeologists.

» Geostatistics can be used to 3-D characterization of
the complexity of alluvial aquifers in the arid region
using the well geophysical logging.
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Key advantages of geophysical logging

> High-resolution determination of physical, chemical

and hydrodynamic parameters of a targeted
aquifer

> o optimize well production and sustainability

> To understand the hydrogeological setting and the
potential risks

> To build numerical models to
management scenarios |
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The HydroWorkflow

Surface imaging
Mapping
Data gathering/input EM survey interpretation
Information management ,
GIS database

Geophysical log interpretation
Well correlation

Surface identification
Surface/subsurface interaction
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Data analysis

Facies modelling

Fault modelling

Fracture modelling
Hydrodynamic test analysis

Calibration
History match
Post processing
Presentation
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3D flow & mass transport simulation

Saturated and variably saturated conditions . _
Density dependent modeling 3D hydrogeological model Uncertainty analysis
Geomechanics Upscaling processes

3D geological model Aquifer property population
Hydrogeological conceptual model



Advanced borehole geophysical logs were acquired
for 12 wells

Geophysical Borehole Logging:

» PEX/AIT/ECS/GR/Caliper: Rock Density, Rock Neutron
Porosity. Elemental Capture spectroscopy, Rock Electrical
Resistance at varying distance from the borehole, Natural
Gamma Ray, and bore hole caliper

» CMR/GR: Nuclear Magnetic Resonance, Natural Gamma Ray
» FMI/GR: Formation Micro Imager, Natural Gamma Ray



Well Date Logged Type of Logs™ Logged Interval (MT)
SWS01 04 June 2004 PEX/AIT/ECS/ICMR/FMI 16.80 — 323.00
SWS05 11 Oct. 2005 PEX/AIT/ECS/ICMR/FMI 18.80 — 102.20
SWS17 14 Oct. 2005 PEX/AIT/ECS/ICMR/FMI 12.20 — 145.10
SWS15 21 Oct. 2005 PEX/AIT/ECS/ICMR/FMI 11.60 — 95.10
SWS11 23 Oct. 2005 PEX/AIT/ECS/ICMR/FMI 15.00 - 119.50

SWS16 26 Oct. 2005 PEX/AIT/CMR/FMI 13.70 — 98.20

SWS18 03 Nov. 2005 PEX/AIT/ECS/ICMR/FMI 10.70 — 101.20
SWS08 05 Nov. 2005 CMR 10.60 — 101.20
SWS06a 15 Nov. 2005 PEX/AIT/CMR 15.00 — 110.00
SWS20 16 Nov. 2005 PEX/AIT/CMR 15.00 — 111.00
SWS09 20 Nov. 2005 CMR 12.00 — 119.00

SWS04 20 Nov. 2005 CMR 12.00 - 111.00
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Unsaturated Zone Properties
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Sedimentary Interpretation

°0
-

Eolian

90
oo v 8 o .".__

ARED

;

W
Rt
T N
f ~M| i
W
AN

[
ATty

P
e

AR

; l?H.“mr iy

P
i
o
i

Preferred Groundwater Flow
Direction =
Perpendicular to Sedimentary Dip .=~

condX, condY, condZ - anisotropy —

W
Tl ot
gl

W

e

1”"’“:;") I”."
A
o 'mﬂ"":‘z
L P
i wafiil L
SHMNR
Ty
wedin it







l-A =11 11l G
Environment Agenc

Vertical Heterogeneity ?

[0 CTD 10m diver
B CTD 30m diver

yin
@
&
=
i
fis
]
o




Summary of the Log Interpretation Results.

Water Bottomof  Saturated Total Effective  Hydraulic. Water Salinity

Well Table Aquifer thickness Porosity Porosity Conductivity TDS mg/l
mbGE mbGE m m/d
SWS01 48.80 79.30 30.50 0.34 0.27 3.3 590
SWS08 40.80 69.60 28.80 0.35 0.28 3.6 \AN
SWS04 49.50 80.5 31.00 0.32 0.25 1.6 \AN
SWS06a  53.00 75.60 22.60 0.34 0.27 3.3 590
SWS15 49.40 49.40 00.00 0.30 0.24 N/A N/A
SWS11 51.50 78.00 26.50 0.37 0.28 1.8 680
SWS16 37.50 64.02 26.52 0.36 0.29 4.5 600
SWS17 29.88 43.90 14.02 0.36 0.29 11.5 550
SWS18 AN 48.78 19.51 0.34 0.29 3.2 550

SWS20 43.60 71.00 27.40 0.34 0.28 2.0 550
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Three Dimensional Geostatistical Simulation
3-D Model of Resistivity for the study area
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SW-NE Resistivity Cross-section and Resistivity Log
at SWS18 and SWS16

bottom of aquifer
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NS Resistivity Cross-section and Resistivity Log at
SWS15, SWS18 and SWS17
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Concluding Remarks

New hydrogeological investigation technigues and analysis
methods can improve considerably the reliability of the 3D
hydrogeological high resolution models.

This leads to an improved success rate for the evaluation of
aquifers.

Complex hydrogeological settings need high resolution models
(e.g. heterogeneous alluvial aguifers, fractured aguifers).

Unconfined aquifer evaluation success rate can be optimized
with advanced field investigation methods and mterpretatlon
workflows. ‘
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