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68 HYDRAULICS OF GROUNDWATER

‘Fable 4-1 Typical values of hydraulic conductivity and permeabilityt

—logy, - K(emjse) =2 —1 0 1 2 3 4 5 & 7 & 9 10 1

I T T

|
|
Permeability | Pervious

Semipervious Impervious
Aquifer Good Poor None
Clean.| Clean sand or | Very fine sand, silt,
Soils gravel | sand and gravel | loess, loam, solonetz
Peat Stratified clay Unweathered clay
Good Breccia
Rocks Ol rocks | Sandstone [limestone, | - . 1
dolomite | ©
N |
—log,o-kiem®) 3 4 5 6 7 8 9 10 11 12 13 14 15 16
I S A A A O A A
log, o k(mdy 8 7 6 5 4 3 2 1 0 -1 -2 -3 -4 -5

+ From Bear, Zaslavsky, and [rmay, 1968

which tends to /::1%2 the matrix, thus reducing k with time. Clogging may also be
caused by fines carricd by the water (c.g., in artificial recharge).

Various units are used in the practice for the hydraulic conductivity K
(dimensions L/T). Hydrologists prefer the unit m/day (meters per day). Soil

scientists often usc ¢m/sec. In the USA, as in many countries using the English

system of units, two other units are commonly cmployed by hydrologists. One is
a laboratory, or standard, hydraulic conductivity defined as the total discharge
(Q) of water at 60°F, expressed in gallons per day, through a porous medium
cross-sectional arca (A4) expressed in [(* under a hydraulic gradient {(¢; — $,)/L}
of 1 f/ft. With this definition, the units of K are gal/day ft2. In a similar way, a
field, or aquifer, hydraulic conductivity is defined as the discharge of water at
field temperature, through a cross-sectional area of an aquifer one foot thick and
one mile wide under a hydraulic gradient of 1 ft/mile. The unit is the same as for
the laboratory K. Following are some conversions among these units.

1 US gal/day [1? = 472 x 10™° cm/sec = 4.08 x 107¢ m/d

Permeability k (dims. I7) is measured in the metric system in em? or in m?.
In the English system, the unit is {%, For water at 20°C, we have the conversion

1 em/sec = 1.02 x 1075 cm?
Reservoir engineers usc the unit darcy defined by

1 em?/sec/em? x 1 cenlipoise

1 darcy =
el I atmosphere/cm

4-3 AQUIFER TRANSMISSIVITY 6

with
I darcy = 9.8697 x 109 em? = 1.062 x 107" it
L
‘(LO\D N = 9613 x 10 * coysec (for water at 20°C) 7
: = 14156 x 1072 US gal/min ft? (for water at 20°C’)

Table 4.1 gives a summary of some values of hydraulic conductivity i
permeability (Irmay in Bear, Zaslavsky and Irmay, 1968). In this table, followin
the US Bureau of Reclamation, K is expressed in units of hydraulic conductivit
class: K = —log,, K (cm/sec).

4.3 AQUIFER TRANSMISSIVITY Ve

Consider the flow through the confined aquifer of thickness B shown in Iig, 4+

If the aquifer is homogeneous and isotropic, with hydraulic conductivity K, th

total discharge in the +x direction, Q,, through the area WB normal to Tow |
given by Darcy's law ~)S‘\' Ly
Lz v

Q. = —KBWi¢/ix = KBWJ; J = —grad'¢; Jo==09/ox (2*

The discharge per_unit wil aquifer, O, normal to the direction of the flow, i

{ QW+ KBJ, = TJ,; T=Q./J, (42

A similar expression can be written for flow in the y direction. In vector forn

we may write

0--1v6 v(1- Ut s padry @
ox iy

where the prime symbol indicates that the operation is in the xy plane only.
The product KB, denoted by T, which appears whenever the flow throug,

the entire_thickness of the aguifer.is being considered, is called ¢ nissivdty

It is an aquife cteristic which is defined by the rate of flow per unit widt

through the entire thickness bf an aquifer per unit hydraulic gradient. The coneey

is valid only in two-dimensional, or aquifer-type flow. In three-dimensional loy

through porous media, the concept of transmissivity is meaningless

Confined
aquifer
Imp.

Figare 4-4 Flow through a confined aquifer

Hydraulic Conductivity

K represents a measure of the ability for flow

through porous media:
Gravels -
Sands -
Silts -

Clays -

0.1 to 1 cm/sec
102 to 10-3 cm/sec
104 to 10-° cm/sec

107 to 10 cm/sec

egy.2l 60 980 /¢
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