Groundwater in the Hydrologic Cycle

Groundwater constitutes one portion of the earth’s water circu-
latory system known as the hydrologic cycle. Figure 1.8 illustrates
some of the many facets involved in this cycle. Water-bearing for-
mations of the earth’s crust act as conduits for transmission and as
reservoirs for storage of water. Water enters these formations from
the ground surface or from bodies of surface water, after which it
travels slowly for varying distances until it returns to the surface by
action of natural flow, plants, or humans. The storage capacity of
groundwater reservoirs combined with small flow rates provide
large, extensively distributed sources of water supply. Groundwater
emerging into surface streams channels aids in sustaining streamflow
when surface runoff is low or nonexistent. Similarly, water pumped
from wells represents the sole water source in many regions during
much of every year.
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Fig. 2.11 Schematic cross section illustrating unconfined
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Capillary Zone. The capillary zone (or capillary fringe) extends
from the water table up to the limit of capillary rise of water. If a

pore space could be idealized to represent a capillary tube, the cap-

illary rise h, (Fig. 2.7) can be derived from an equilibrium between

Ny

surface tension of water and the weight of water raised. Thus,

2T
h, = =—cos A %
ry <

where 7 is surface tension, v is the specific weight of water, r is the

-

>

tube radius, and A is the angle of contact between the meniscus

Cq,bx“ﬁrj ‘Prmie - W&l’é’v 15 4“/’ pressore be/@\u

ad mos pl\@mc pressure Water from 1his zone

will ni4 maﬁmvl'-e o a well

and the wall of the tube. For pure water in clean glass, A\ = 0, and .

at 20°C r = 0.074 g/cm and y = 1 g/cm?, so that the capillary rise

approximates

h, =— (2.7)

It follows from Eq. 2.7 that the thickness of the capillary zone will

vary inversely with the pore size of a soil or rock,




/
P /
/V,\ y
/
/l!\ _\
T HH«.%M
e
—f e 2r
R
]
R — T T T T
e
llllllllllll i — e mm— —— ——t— - —

Fig. 2.7 Rise of water in
a capillary tube.
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TABLE 2.4 Capillary Rise in Samples

of Unconsolidated Materials (after Lohman?4)

Material Grain Size, mm Capillary Rise, cm __ M
Fine gravel 5-2 2.5 ..nm .
Very coarse sand 2-1 6.5 o,
Coarse sand 1-0.5 13. £
Medium sand 0.5-0.2 24.6 ¢ auw =<
Fine sand 0.2-0.1 42.8 $ 2 A\q
Silt 0.1-0.05 1055 ¥ 2 3
Silt 0.05-0.02 2002 |

NOTE: Capillary rise measured after 72 days; all samples have virtually the same

porosity of 41 percent. |
*Still rising after 72 days.
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TABLE 2.5 Representative Values
of Specific Yield (after Johnson18)

Specific Yield,

Material- percent
Gravel, coarse 23
Gravel, medium 24
Gravel, fine 25
Sand, coarse 27
Sand, medium 28
Sand, fine 23
Silt 8
Clay 3
Sandstone, fine-grained 21
Sandstone, medium-grained 27
Limestone 14
Dune sand 38
Loess 18
Peat 44
Schist 26
Siltstone 12
Till, predominantly silt 6
Till, predominantly sand 16
Till, predominantly gravel 16
Tuff 21

<



An area has not had rainfall for a sufficiently long time so
that it can be assumed that there is no bound water in the
soil above the water table. The porous material has a
porosity of 15% and a specific retention of 5%. If a
uniform rainfall of 4 inches occurs, how much will the water

table rise? Assume that there is no runoff(see sketch
below) . Diirsgund eodillon st
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Aquifers may be classed as unconfined or confined,

depending on the presence or absence of a water table, while a leaky

aquiler represents a combination of the two types.

Unconfined Aquifer. An unconfined aquifer is one in which a
water table varies in undulating form and in slope, depending on

areas of recharge and discharge, pumpage from wells, and perme-
ability. Rises and falls in the water table correspond to changes in
the volume of water in storage within an aquifer.

Confined Aquifers. Confined aquifers, also known as artesian*

-or pressure aquifers, occur where groundwater is confined under

3pressure greater than atmospheric by overlying relatively imper-
neable strata. In a well penetrating such an aquifer, the water level
will rise above the bottom of the confining bed, as shown by the
artesian and flowing wells of Eig. 2.11. o

A region supplying water to a confined aquifer is known as a
recharge area; water may also enter by leakage through a confining
bed (see below). Rises and falls of water in wells penetrating con-
fined aquifers result primarily from changes in pressure rather than
changes in storage volumes. Hence, confined aquifers display only
small changes in storage and serve primarily as conduits for con-
veying water from recharge areas to locations of natural or arti-
ficial discharge.

he piezometric surface, or potentiometric surface, of a confined
aquifer is an imaginary surface coinciding with the hydrostatic
Ppressure level of the water in the aquifer (Fig. 2.11). The water level
in a well penetrating a confined aquifer defines the elevation of the
piezometric surface at that point. Should the piezometric surface lie
above ground surface, a flowing well results. Contour maps and pro-
files of the piezometric surface can be prepared from well data sim-
ilar to those for the water table in an unconfined aquifer, It should
be noted that a confined aquifer becomes an unconfined aquifer

when the piezometric surface falls below the bottom of the upper

confining bed. Also, quite commonly an unconfined aquifer exists
above a confined one, as shown in Fig. 2.11.

Leaky Aquifer. Aquifers that are completely confined or uncon-

fined occur less frequently than do leaky, or semiconfined, aquifers.
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Figure 1-4. Example of ground-water occurrence.
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2.2 STORAGE IN CONFINED AQUIFERS

Confined aquifers, by defi
rated.

case in unconfined aquifers. I
released or taken into storage
volume due to aquifer compressi
density associated with a chang
capacity of confined aquifers. t
markedly different from that fo

Water released from storage in a confined aquifer is
not, therefore, derived from drainage of the voids as is the
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