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3.1 SCOPE

The terms subsurface water and groundwater have been given different meanings by differ-
ent researchers all over.the world. These terms have been used in a broader sense to include
all waters below the surface of the earth in liquid, solid, or vapor forms, -appearing as phys-
ically or chemically bound waters, as free water in the zones of aeration and saturation, and
in a supercritical state in the zone of dense fluids extending below the zone of saturation
having a pressure greater than 218 atm-and temperature higher than 374 °C. These terms
also have been used to refer only to the free water that can move through rock and soil,
comprising water in the capillary fringe, gravitational water infiltered through the zone of
aeration, and moving groundwater in the zone of saturation. Further, these terms have-
been used when referring to water in the zone of saturation only. The use of these terms in
the United States, however, almost stabilized when in 1923 Meinzer defined subsurface
water to designate all waters that occur below the earth’s surface, and groundwater to des-
ignate the water in the zone of saturation. The International Glossary of Hydrology, pre-
pared by WMO and UNESCO (1974), adopted the same meanings for these terms.
Meinzer’s concept of subsurface water as all varieties of water in the interior of the earth is
very broad, something very similar to the present definition of subsurface hydrosphere. In
the common sense, subsurface flow is meant to indicate water moving in the zones of aera-
tion and saturation and the deep percolation.

Hydrogeology covers the study of subsurface water in all its phases: origin, manner of
deposition, laws of motion, distribution, physical and chemical properties, interrelation-
ship with atmospheric and surface waters, effects of human activities, economic values,
and so on. On the other hand, civil engineers are more concerned about the movement
and distribution of groundwater and its application, which is the subject matter of this
chapter.

CLASSIFICATION OF SUBSURFACE WATER

Hydrogeologists have classified subsurface water based on the fundamental ideas of geolog-
ical structures containing such water. However, this classification scheme based on the man-
ner in which water is deposited is widely accepted by both hydrogeologists and engineers.
This scheme takes into consideration the fact that physical, geographical, geological, and
thermodynamic conditions are responsible factors in the deposition of water in the interior
of the earth. In this classification, zonal divisions of subsurface water are made. Nineteenth-
century scientists noted that there existed a law of zonation of natural phenomena such as
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climatic zonation, soil zonation, and vertical zonation of the material of the globe. All natu-
ral water supply is distributed in three zones: atmospheric, surface, and subsurface waters.

The principle of zonation was traced in subsurface water as well. From 1910 onward, a
number of classification schemes based on the manner in which water is deposited were
proposed by Soviet and American scientists as well as by scientists in France, Germany, and
other western European nations. A very original classification system suggested by Meinzer
(1923) is still widely accepted today. This book adopts the same classification. This classifi-
cation, shown in Figure 3.1,. established two broader divisions: interstitial (rock voids)
water and internal (deep-lying) water. Interstitial water is subdivided into suspended
(vadose) water in the zone of aeration and groundwater in the zone of saturation. Sus-
pended water has three further subdivisions: soil water zone, intermediate zone, and capil-
lary zone. The water in the zone of saturation was divided by Meinzer into free water and
pressure water.

Figure3.1 Meinzer’s classification and modification suggested by Davis and DeWiest
(1966).
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The French scientist Schoeller, in 1962, distinguished the following zones beneath the
surface: (1) the evaporation zone, (2) the infiltration zone, (3) the capillary fringe, and (4)
the zone of groundwater accumulation. In the last zone, free surface and pressure surface
are recognized.

In Lange’s classification of 1969, often used by hydrogeologists in the former USSR,
three basic groups of water are recognized: soil water, subsurface water (in the former
USSR this term is commonly used in the sense of groundwater) and interstratal water.

" Davis and DeWiest (1966) of the United States suggested certain minor changes in
Meinzer’s classification. The original classification and suggested changes are shown sche-
matically in Figure 3.1. Davis and DeWiest combined the collecting-rock properties, thus
describing groundwater as (1) water of igneous and metamorphic rocks, (2) watex of hard
sedimentary rocks, (3) water of unconsolidated sediments, and (4) water of regions of
extreme climatic conditions.

Pinneker (1983) considered that present classifications are concerned only with the
distribution of water pertaining to land masses. Groundwater below the oceans and seas is
not covered. Also, the deep-lying water in the zone of saturation that is acted upon by geo-
static pressure or other internal forces is not identified in these classifications, although
artesian water pressured by hydrostatic pressure has been recognized. Pinneker thus sug-
gested a classification that included the process by which groundwater deposits are formed,
while retaining Meinzer’s concept (see Table 3.1). This classification has the following

scheme:

+ Groups: depénding on the position of groundwater in the earth’s crust

. Sections: according to the degree of saturation of rock formation with water

« Types: on the basis of hydraulic features

. Classes: basic varieties of groundwater according to the way in which they are
formed

Subclasses: on the basis of water-collecting properties of rocks

Special conditions: specific nature of surroundings

3.3 WATER-BEARING FORMATIONS

Formations that can yield significant quantities of water are known as aquifers. This char-
acteristic is imparted to the formations by interconnected openings or pores through
which water can move. Alluvial deposits are thus the best form of aquifers: probably 90%
of all developed aquifers are in such formations. Such aquifers often have the advantage of
direct replenishment by seepage from streams and land. Rock formations of a volcanic
nature, limestone, and sandstone possess cracks, fissures, cavities, faults, caverns, and
joints through which they yield water. The quality of such rocks as an aquifer depends on
the extent of such openings; sometimes they form highly permeable aquifers. -Generally,
metamorphic and igneous rocks are in solid forms and serve as pooraquifers.'Simﬂarly,
clays, although having a high level of porosity, prove to be poor aquifers because their
potes are too small and not well connected.

Types of aquifers are shown schematically in Figure 3.2. Mainly there are two types:
unconfined aquifers and confined aquifers. In unconfined aquifers, the upper surface of
the groundwater body is exposed to atmospheric pressure or a water table exists. Confined
aquifers, also known as pressure ot artesian aquifers, occur where groundwater is under

123

Section 3.3 Water-Bearing Formations



5314 ANIs1aniun abpuquied Jo uoissiuuad Yim pasn (€86 L) 1axaUld :321N0S

SUID)SAS
Bunds 10y sunew

pue $aIn1oNnAs
JIUBDJOA BUlIBWIGNS

}2ysisolewadqgns

9Y3 JO }D0! paisiey

SueW pue §jPys

ssew puey
S DIUeIIO suiseq Y1 Ylim paldau
UISqY -plw pue sayduaIL daap jo 1218 -U0D 10U I31eM
$9UOZ
Se3S UIAYLIoU 3y} JO 1jney pue yjays syusodap  ssews pue| a3yl yum

Po103UU0D J21epA

uolneinies
islem  Jo auoz dunewqns SUR3IO puUe SEIS
2inssad AJUIRy U1 JO 1D1EMPUNOID  MOJR] IS1EMPUNOID

1aquiey> ewbew
341 Wouy weans
Buisi e yum paidau
-u0d ‘swa1sAs bunds
104 pue SaUNIdNAS

53210 diusbopus
Jo AjiAnde jo aiayds
2y uiyum syne}
buiAj-dasp jo 1a3epm

$9210J dlusbopus
pue ains

-s3.1d dneysoab Jo
uofide ay) 01 paydsf
-qns aJe Yysiym
‘s19Ke} Arejuawpag

Bbuif|-dsag

ainssaid
-D11RISOLPAY JSpun
3U0Z paInssiy palng

ainssasd
J11B1504PAY J3pun
1918M [RLSNPU|

131eM ueisaLyY

13)EM 3INSSag

J1ssew

15103 pue Burns

-S1} DAISUIUI JO BUOZ
ay1jo sued 1addn

19£e)
s[qesundwy sig
-B1$ U0 3DBLINS Y}
01 15321e3U I3jinby

191EMPUNOID

SIUDUIUOD UO
UOIIRINILS JO BUOZ
3U1 JO J31eMPUNOID

191eM
amssauduou Autep

J91em paydiad
191em Buiiely
-{yul pue Ja3em yjes

i91em paydiad
191em bunen
-[1Jul pue I131eMm }jeg

(asuas peouq ayy
ul) 191em paydIsd

: S1UBD|0A JO 1M asqy

aInssaud dneisolphy 15oujeuntadqng
-13pUN SWIISAS [ew
-13410IPAY JO 1a1ep

1sosewsadenul

puejsoljewsdialu|
J9n0D

eAe| Jo 1ed 1amo 150)jeunsadeidng
19A0D

ene| jo ed jaddn 194e) 3AIDY

suoibas annde suo1bal

Ajjeotuedjon ulayep  1sosewnsad ug isiep

(491em 3unssy

-UI9A pue auns

-Si}) $Y201 SNOUIBARD
PaINssIj Ut ISR

(191em jerens pue
a10d) sypos snosod
10 B1BJIS Ul 1S3

suoilpuo)) [eadg

ssepgng

pawiog uaag seH M Y1y ul rsuuepy ay) 0] Buipioddy uonedyisse]) 13)empunoio

sse|D

uonesae Jo suoz 19)empunoib

191em papuadsng 3yl JO 131eMPUNOID |eauaunuod
2dAy uondss dnoin

L'e @jqel

-
o
—




Figure 3.2 Types of aquifers.
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greater-than-atmospheric pressure due to an overlaying confined layer of a relatively
impermeable medium.

A special case of unconfined aquifers involves perched aquifers, where a stratum of
relatively impermeable material exists above the main body of groundwater. The down-
ward-percolating water is intercepted by this stratum and a groundwater body of limited
areal extent is thus formed. The zone of aeration is present between the bottom of the
perching bed and the main water table.

A special case of confined aquifers is the leaky aquifer, also known as a semi-confined
aquifer. Such an aquifer is either overlain or underlain by a semipervious layer through
which water leaks in or out of the confined aquifer.

3.4 FLUID POTENTIAL AND HYDRAULIC HEAD

Just as the energy head is the energy quantity per unit weight of fluid, the fluid potential is
the energy quantity per unit mass. Thus,

P=gh [L*T? (3.1)

where

@ = fluid potential at any point

h = hydraulic head at that point

Flow of any kind occurs from a region in which the potential has a higher value
towards the region of a lower value. Thus, the flow of heat, electricity, or water requires
existence of a potential gradient. For a porous medium, the flow velocity and, hence, the
kinetic energy are extremely small and can be ignored. Thus, the fluid potential and the

hydraulic head are comprised of the elevation head and the pressure head. With reference
to Figure 3.3:

h=Z+w [L] (3.2)

Section 3.4 Fluid Potential and Hydraulic Head 125
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