Groundwater Hydrology

. Darcy
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4.0 4.0
4.1 Flow is the rate of water discharged from a source
= expressed in volume with respect to time. GW
4.1.1 Darcy’s law 1 seepage
4.1.2 seepage veloci The interstitial movement of water that may take place in
4.1.3 hydraulic gradient rocks or soils. seepage field
4.1.4 Seepage is spot where water contained in the ground
oozes slowly to the surface and often forms a pool; a
4.2 small spring. GW
4.2.1 2 laminar flow
4.2.2
4.3 The flow of fluid in which the flow paths are in smooth,
parallel lines, with essentially no mixing and no
S turbulence. S
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4 .0 4.1 oz
turbulent flow 3
4.1.1 Darcy’s law
3 steady flow
Steady flow is the flow that occurs when, at any v 1 - i UL
point in the flow field, the magnitude, and direction H. Darcy 1856 gk 81 \ f
of the specific discharge are constant in time. HG ) Y | ot
i
unsteady flow - L S |
Darcy"s law is an equation that i ol . il

Unsteady flow is the flow that occurs when, at any
point in the flow field, the magnitude or direction of
the specific discharge changes with time. Also called
transient flow or nonsteady flow. HG
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can be used to compute the
quantity of water flowing through f |
an aquifer HG




4.1

Darcy's Law

In 1856, a French hydraulic engineer named Henry Darcy (1803-
1858) published areport on the water supply of the city of Dijon,
France. In that report, Darcy described the results of an experiment
designed to study the flow of water through a porous medium (Freeze,
1994). Darcy's experiment resulted in the formulation of a
mathematical law that describes fluid motion in porous media.

Darcy's Law is the fundamental constitutive relationship that we
use to understand the movement of fluids in the Earth's crust. Darcy's
Law states that the rate of fluid flow through a porous medium is
proportional to the potential energy gradient within that fluid. The
constant of proportionality is the hydraulic conductivity; the
hydraulic conductivity is a property of both the porous medium and
the fluid moving through the porous medium.
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4.1

During his lifetime, Darcy was most noted for his design and
construction of a water-supply system for his native town of Dijon.
In the first haf of the nineteenth century, most large cities had no
central water-supply or sewage systems. Water was supplied by a
few inadequate wells or drawn from a contaminated stream. There
were no water-supply or drain pipes, and water was delivered daily to
residences on carts.

Darcy drew upon a nearby spring for a supply of fresh and pure
water and designed a network of supply and drainage pipes. The
entire system was constructed in 18 months. Although a relatively
small and provincial town, thanks to Darcy, Dijon enjoyed the
benefits of amodern water-supply system 20 years earlier than Paris.
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Darcy's efforts were so appreciated by his fellow townsmen, they
renamed the main square in the town “Place Darcy” following his 0= Kol Kol Q:_KA@
death in 1858. Notably, Darcy not only refused payment for his work L d
in the construction of this water system, but even declined [o—
renumeration of his personal expenses. Philip (1995) noted that under A s volumetric flow rat
the laws of the time, Darcy rightfully had a clam to the 1995 K ( Id/) olunetric Tlow rate.
equivaent of $1.5 million US dollars. The only compensation Darcy T (n/d) )
would accept was free water for his family and household during his A, 0---- (m)  cross-sectional area of flow.
lifetime. h— h=H,-H,
L—
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Q=AV V=Q/A Darcy's Law N
Q-kal=h
V=KI L
V --- m/
(m/d) h=z4 P
K-- (m/d) 1 r9 .
Vem (m/d) K = coefficient of proportionality called hydraulic conductivity.

Q = volume of fluid per unit time passing through a column of
constant cross-sectional area, A and length L.

hy, h, = elevations of inflow and exit reservoirs of the column.

z = elevation of the point at which the piezometric head is
measured, above adatum level.

p, p = fluid's pressure and mass density.

z = elevation of the point at which the piezometric head is measured.

p, p = fluid's pressure and mass density -
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4.1

4.1.2 seepage velocity
effective porosity ng----
n.<n nS>p p<n<n

Effective porosity is the portion of pore space in
saturated permeable material where the movement of
water takes place. [¢1]
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4.1.2 seepage velocity
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Seepage velocity is the actual
rate of movement of fluid

v
‘ H -
:a:“ Halid ggrtlcles through porous media.
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4.1.3 hydraulic gradient 4.14
1 K 1
I=h/L m/d,cm/s K

Hydraulic gradient is the change in the total head
with a change in distance in a given direction. The
direction is that which yields a maximum rate of
decrease in head.
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Hydraulic conductivity can be defined as specific discharge per
unit gradient (in 1-d flow in an isotropic porous medium). The
hydraulic conductivity depends of fluid properties and void space
configuration (width of passages and tortuosity).

Hydraulic conductivity is a coefficient of
proportionality describing the rate at which water can
move through a permeable medium. The density and
kinematic viscosity of the water must be considered in
determining hydraulic conductivity. HG
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4.1.4

/

C.S.Slichter 1800 transmission constant

seepage coefficient

permeability coefficient

coefficient of permeability

percolation coefficient

hydraulic permeability

hydraulic conductivity
permeability coefficient

hydraulic conductivity
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Loam Sandy loam Silt F. sand M.sand | C.sand | Pebbles | Cobbles | Boulder
D(mm) 0.1~0.25 | 0.25~05 | 0.5~2 2-20 20~60 >60
K(mvd) 0.001~0.10 | 0.10-0.50 | 0.5-1.0 | 1.0-5.0 | 5.0~20 20~50 50~150 | 150~500
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4.1

K=k29
7

K g = dynamic viscosly

v v =kinematic viscosity
PERMEABILITY, k (dims. L2), depends only on void space
configuration.

UNITS for HY DRAULIC CONDUCTIVITY:
mid, cmis, ftd, galdfe, (S: mis)
UNITS for PERMEABILITY:

4.1

Changes of permesability with time, due to
Compaction by external load.
Dissolution of solid.

Precipitation.
Clogging by fines,
Biological activities...
Shrinkage of clay soil.
RANGE OF VALIDITY OF DARCY’'sLAW

C =dimensionless coefficient.
d = effective grain diameter, say d,,
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Experiments:
m2, cm?, ft2, (SI: md
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In petroleum Engineering: By anaogy, for flow through porous media:
1cm®/s/cm? x Lcentipoi kpg Ah Re:E
1darcy = cm®/s/cm? x 1centipoise 0- pgT >
latmosphere “ Where d = some representative (microscopic) length characterizing
void space, e.g. dy,.
FORMULAE FOR PERMEABILITY: v = kinematic viscosity of fluid.
Empirical and semi-empirical formulae:
Helps to distinguish bet LAMINAR FLOW, at low R d
k = Cd? (and many other formulae) psto ¢isingu ween owre an

turbulent flow at higher Re.
Darcy'slaw isvalid aslong asthe Re, that indicates the
magnitude of theinertial forces relative to the viscous drag ones,

does not exceed avalue of about 1 (but sometimes as high as 10):
Re=1~10.
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4.2 4.2
flow net 4.2.1
(homogeneity) (inhomogeneity),
Flow net is the set of intersecting equipotential lines and flowlines (isotropy) (anisotropy)
representing two-dimensional steady flow through porous media HG

flow line, stream line

A streamline is a curve that is everywhere tangent to the specific
discharge vector. Streamlines indicate the direction of flow at every point
inaflow domain.

path line

(Homogeneous strata)
K

(inhomogeneous strata)
K=K(X,Y,2)
(lIsotropic strata)

(anisotropic strata)
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