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TRANSMISSIVITY

The capacity of an aguifer to transmit water of the prevail-
ing kinematic viscosity is referred to as its transmissivity, The
transmissivity (T) of an aquifer is equal to the hydraulic con-
ductivity of the aguifer multiplied by the saturated thickness
of the aquiter. Thus,

T=Kh i

where T is transmissivity, K is hydraulic conductivity, and b is
aquifer thickness,

As is the case with hydraulic conductivity, transmissivity is
also defined in terms of a unit hydraulic gradient.

If equation 1 is combined with Darcy's law (see “'Hydraulic
Conductivity”], the result is an equation that can be used to
calculate the quantity of water ig) moving through a unit
width iw) of an aguifer. Dancy's law is

g=KA

ol

Expressing area (A) as b, we obtain

o = Kb dh]

dl.

Mext, expressing transmissivity (T) as Kb, we obtain
dh
1L bk i2)
q=Tw ‘ dﬂ]

Equation 2 maodified to determine the quantity of water ()
moving through a large width (W) of an aquifer is

OQ=Twh (j—ﬂ

of, if it is recognized that T applies to a unit width (w) of an
aquiter, this equation can be stated more simply as

Q=-TW %) (3

If equation 3 is applied to sketch 1, the quantity of water
flowing out of the right-hand side of the sketch can be cal
culated by using the values shown on the sketch, as follows;

7 <l % x “I‘] M 5,000 m? d-*
k5,000 m® 1,000 m Im —
L i d.r)' d T X Tooom - 00 mid

Equation 3 is also used to calculate transmissivity, where
the quantity of water () discharging from a known width of
aquifer can be determined as, for example, with streamflow
measurements. Rearranging terms, we obtain

T Q ‘i] (4
W ldh
The units of transmissivity, as the preceding eguation
demonstrates, are

im*d-"m) m?

imim)  d

ld.f=1ﬂﬂﬂmi
I |
~2 i s PP
-~ - o s
A A o Can=tm =

— CONFINING " BED=Clay

7,

1§
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‘Stream-gaging

¥

Sketch 2 illustrates the hydrologic situation that permits
calculation of transmissivity through the use of stream dis-
charge. The calculation can be made only during dry-weather
(baseflow) periods, when all water in the stream is derived
from ground-water discharge. For the purpase of this example,
the following values are assumed:

Mverage  daily  flow  at  streamegaging

station A: 2485 m 5!
Average daily flow al stream-gaging

station B: 2,355 mf 5!
Increase in flow due to ground-water

discharge: 0130 m* s
Total daily ground-water discharge 1o

stream; 11,232 m*d™!
Discharge from half of aquifer {one sid

af the stream}: 5616 m*d’
Distance (x) between stations A and B; 5,000 m
Average thickness of aguifer (b): 0 m
Average slope of the water table (dhidl)

determined from measurements in the

observation wells: 1 m/2,000 m

tream-gaging —
f"’f station A

By equation 4,
Q d 5616 m! 2,000 m
T= = x

—_— - — T =1
W dxEmam - W 224 m'd

The hydraulic conductivity is determined from equation 1
as follows:

T 2.246m!

LI = -1
b d=50 m $aire 4

K=

Because transmissivity depends on both K and b, its value
differs in different aquifers and from place to place in the
same aquifer. Estimated values of transmissivity for the prin-
cipal aquifers in diffierent parts of the country range from less
than 1 m* d' for some fractured sedimentary and igneous
rocks to 100,000 m? d-' for cavernous limestones and lava
flewas,

Finally, transmissivity replaces the term “‘coefficient of
transmissibility” because, by convention, an aquifer is trans-
missive, and the water in it is transmissible,

Transmissivity 27




GROUND-WATER MOVEMENT AND STRATIFICATION
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Mearly all ground-water systems include both aquifers and
confining beds. Thus, ground-water movement through these
systems involves flow not only through the agquifers but also
across the confining beds (1).

The hydraulic conductivities of aquifers are tens to thou-
sands of times those of confining beds. Thus, aquifers offer
the least resistance to flow, the result being that, for a given
rate of flow, the head loss per unit of distance along a flow
line is tens to thousands of times less in aquiters than it is in
confining beds, Consequently, lateral flow in confining beds
wsually is negligible, and flow lines tend to “concentrate” in
aquifers and be parallel to aquifer boundaries (2).

Differences in the hydraulic conductivities of aquifers and
confining beds cause a refraction or bending of flow lines at
their boundaries, As flow lines move from aquifers into con-
fining beds, they are refracted toward the direction perpen-
dicular to the boundary, In other words, they are refracted in
the direction that produces the shortest flow path in the con-
fining bed. As the flow lines emerge from the confining bed,
they are refracted back toward the direction parallel to the
boundary (1)

24 Basic Ground-Water Hydrology

The angles of refraction (and the spacing of flow lines in
adjacent aguifers and confining beds) are proportional to the
differences in hydraulic conductivities iK) (3) such that

tan #, ‘f:‘,_
tan 8, K;

In cross section, the water table is a flow line. It represents a
bounding surface for the ground-water system; thus, in the
development of many ground-water flow equations, it is as
surmed to be coincident with a flow line. However, during peri-
ods when recharge is armiving at the top of the capillary fringe,
the water table is also the point of origin of flow lines (11.

The movement of water through ground-water systems is
controlled by the vertical and horizontal hydraulic conductiv-
ities and thicknesses of the aquifers and confining beds and
the hydraulic gradients. The maximum difference in head ex-
ists between the central parts of recharge areas and discharge
areas, Because of the relatively large head loss that occurs as
water moves across confining beds, the most vigorous cincu-
lation of ground water normally accurs through the shallowest
aquifers. Movement becomes more and more lethargic as
depth increases,

The most important exceptions to the general situation de-
scribed in the preceding paragraph are those systems in which
one or more of the deeper aguifers have transmissivities
significantly larger than those of ‘the surficial and other
shallower aguifers. Thus, in eastern Morth Carolina, the Castle
Hayne Limestone, which occurs at depths ranging from about
10 to about 75 m below land sudace, is the dominant aquifer
because of its very large transmissivity, although it s overlain
in most of the area by one of more less permeable aguifers,

B l\

-

—y Confining
bed

Bauifer
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CONE OF DEPRESSION

Land surfoce —

Enftninq l.'m

(1

Hoth wells and springs serve as sources of ground-water
supply. However, most springs having yields large enough to
meet municipal, industrial, and large commercial and agricul-
tural needs occur only in areas underlain by cavermous lime-
stones and lava flows, Therefore, most ground-water needs
are met by withdrawals from wells,

The response of aquifers to withdrawals from wells is an im-
portant topic in ground-water hydrology. When withdrawals
start, the water level in the well begins to decline as water is
removed from storage in the well. The head in the well falls
below the level in the surrounding aquifer. As a result, water
begins to move from the aquifer into the well. As pumping
continues, the water level in the well continues to decline, and
the rate of flow into the well from the aquifer continues to in-
crease until the rate of inflow equals the rate of withdrawal.

The movement of water from an aguifer into a well results
in the formation of a cone of depression (1) 2}, Because water
must converge on the well from all directions and because the
area through which the flow occurs decreases toward the well,
the hydraulic gradient must get steeper toward the well,

Several important differences exist between the cones of
depression in confined and unconfined aquifers. Withdrawals
from an unconfined aquifer result in drainage of water from
the rocks through which the water table declines as the cone
of depression forms (1). Because the storage coefficient of an

3 Basic Ground-Water Hydrology

Limits of cone
of depressian

Land surfoce -

I Patentiomatric surfoce —

Confining bed

enfining DG

(2)

unconfined aquifer equals the specific yield of the aquifer
material, the cone of depression expands very slowly. On the
ather hand, dewatering of the aguifer results in a decrease in
transmissivity, which causes, in turn, an increase in drawdown
both in the well and in the aguifer,

Withdrawals from a confined aquifer cause a drawdown in
artesian pressure but do not (normally) cause a dewatering of
the aquifer (2). The water withdrawn from a confined aquifer
is derived from expansion of the water and compression of the
rock skeleton of the aquifer. (See “‘Storage Coefficient.'’| The
very small storage coefficient of confined aguifers results in a
very rapid expansion of the cone of depression. Consequently,
the mutual interference of expanding cones around adjacent
wells oocurs more rapidly in confined aguifers than it does in
unconfined acuifers.

Cones of depression caused by large withdrawals from ex
tensive confined aquifers can affect very large areas. Sketch 3
shows the overlapping cones of depression that existed in
1981 in an extensive confined aquifer composed of uncon.
solidated sands and interbeddaed silt and clay of Cretaceous
age in the central part of the Atlantic Coastal Plain. The cones
of depression are caused by withdrawals of about 277,000 m*
d ' (73,000,000 gal d-) from well fields in Virginia and North
Carolina. (See “Source of Water Derived From Wells.")
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POTENTIOMETRIC SURFACE OF THE LOWERMOST CRETACEOUS
AQUIFER IN SOUTHEASTERN VIRGINIA AND NORTHEASTERN NORTH CAROLINA
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