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Welcome

• Introduction of instructors and students

• Introduction to Sandia National Laboratories

• Orientation to facilities

• Groundrules for visitors to Sandia National Laboratories

• Discussion of professional roles and responsibilities of  
students in Iraq

• Discussion of objectives for class
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Objectives

• Provide an overview of the major principles of groundwater 
flow and groundwater flow systems

• Present the mathematical basis for quantifying groundwater 
flow and well hydraulics

• Introduce the concepts of groundwater contamination and 
the processes of contaminant transport in groundwater

• Provide technical background for well construction, 
groundwater monitoring, and groundwater sampling

• Provide an overview of radionuclide sources, 
contamination, and transport processes in groundwater

• Discuss real-world applications of hydrogeologic principles 
of flow and transport to radionuclide contamination of 
groundwater
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Water Cycle
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Water Cycle
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Groundwater as a Resource
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Groundwater as a Resource



8

Groundwater as a Resource
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Groundwater as a Resource

• Limitations on groundwater 
utilization as a resource:

– Storage capacity of the 
groundwater system

– Slow recharge of the system

– Degradation of water quality 
with continued extraction

– Interaction with surface water 
resources (stream and spring 
flow)

– Subsidence
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Groundwater as a Resource

• Qanats developed as a 
method of 
groundwater 
extraction in ancient 
Persia

• Energy saving 
technology for 
accessing 
groundwater resource 
is still used in Middle 
East and Central Asia
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Groundwater Regimes

• Water movement is primarily 
vertical in the vadose zone

• Thickness of the vadose zone 
varies considerably depending 
on climate and location in the 
groundwater flow system

• Groundwater flow in the 
phreatic zone tends to be 
primarily horizontal in high-
permeability layers and vertical 
in low-permeability layers
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Groundwater Regimes

• Capillary suction causes 
saturation of above the 
water table

• Groundwater movement in 
the vadose zone tends to 
be dominated by capillary 
forces

• Groundwater movement 
below the water table is 
dominated by viscous 
forces
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Groundwater Regimes

• Local or isolated liquid 
saturation in the vadose 
zone is referred to as 
“perched water”

• Perched water occurs 
wherever the downward 
percolation rate exceeds the 
hydraulic conductivity of 
the medium
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Darcy’s Law
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Darcy’s Law

This image cannot currently be displayed.
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Q = volumetric flow rate
q = specific discharge
K = hydraulic conductivity
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Hydraulic Properties

This image cannot currently be displayed.
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k = intrinsic permeability
 = density of water
g = acceleration of gravity
 = dynamic viscosity of water
T = aquifer transmissivity
b = aquifer thickness
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Hydraulic Properties

This image cannot currently be displayed.
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Ss = specific storage (confined aquifer)

Sy = specific yield (unconfined aquifer)

S = storativity of a confined aquifer

 = compressibility of the aquifer
 = compressibility of water

sSbS 
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Properties of Geologic Media
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Properties of Geologic Media

Porous Media
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Properties of Geologic Media

Fractured Media
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Properties of Geologic Media
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Properties of Geologic Media

• Porosity indicates the 
groundwater content under 
saturated conditions

• “Effective porosity” is defined 
as the porosity accessible by 
significant groundwater flow 
and is less than total porosity

• Groundwater velocity is 
inversely proportional to 
effective porosity of the 
medium
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Properties of Geologic Media

• Geologic materials differ from 
engineered materials because 
they are typically highly 
heterogeneous and 
anisotropic 

• Layered sedimentary geologic 
media usually have significant 
vertical anisotropy, with 
vertical hydraulic conductivity 
much less than horizontal 
hydraulic conductivity

• Groundwater flow direction is 
influenced by anisotropy in 
hydraulic conductivity
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Properties of Geologic Media
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Properties of Geologic Media
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Properties of Geologic Media

• Geometric structure of 
sedimentary geologic material 
is often determined by its 
depositional environment

• Understanding the continuity 
and structure of hydraulic 
conductivity in an aquifer may 
be critical to predicting 
groundwater movement and 
contaminant migration
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Unsaturated Groundwater Flow

• Flow in the vadose zone is a non-
linear process and a complex topic

• Moisture content (degree of 
saturation) of unsaturated media is 
a function of capillary pressure

• Hydraulic conductivity of 
unsaturated media is also a 
function of capillary pressure

• Both functional relationships are 
hysteretic, with the functional form 
differing for wetting and drying
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Unsaturated Groundwater Flow

• Infiltration, 
evapotranspiration, and 
percolation of moisture in 
the vadose zone tend to be 
transient processes

• In temperate climates soil 
moisture increases during 
months of low plant activity 
and solar radiation in the 
winter and decreases 
during the summer


