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FIGURE 39. Streamline depicting imaginary path followed by water
through soil.

L] energy/unit volume — any pressure units, such as pascal, dynes/cm?, p.s.i., atmos-
pheres, bars, can be a gage or absolute pressure
L energy/unit mass — ergs/g or joules/kg

Some equivalences although not dimensionally the same are

I std. atmosphere is equivalent to 10.2 m of H,0
is equivalent to 1.013 bar
is equivalent to (1.013)(10)°Pa

Also whether a pressure is “‘gage’” or ‘‘absolute’” sometimes requires clarification. Ab-
solute pressure can never be physically less than zero and is measured from a perfect vacuum.
Gage pressure is always evaluated relative to another pressure, the most obvious case being
relative to the local atmosphere. A common design for a pressure gage is a diaphram which
is deflected when gas pressure on the inside is different from the local atmospheric pressure
on the outside.

C. Soil Water Dynamics

Water moves from regions of higher to lower soil water potential. Any of the individual
potential components can contribute, but emphasis in this section will be on gravitational
and pressure head components. For unsaturated conditions the pressure head will be negative
and identical to the matric potential.

For flow along a streamline, the value of the hydraulic head at coordinates s, and s, can
be taken as H, and H, as in Figure 39. The energy of the water at s, and s, is

H, =h + 2z + vi2g + C

H, =h, + z, + vi2g + C + AH (17

For most flow problems the inertial terms v¥/2g may be safely neglected. For an idealized
fluid AH would be zero and Equation (17) would follow Bernoulli’s law. However, for a
real fluid there is an overall consumption of energy dissipated as work against friction —
consequently AH needs to be included.

The hydraulic gradient 1 is defined by

i = limit(AH/As) = dH/ds
As—0 (18)
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160 Soils in Waste Treatment and Utilization

dation, depends on the chemical formulation and water solubility, Loading rates may be
established by calculating the acceptable rates for each pesticide and adopting the most
restrictive value. Input data for the establishment of these rates at this time are limited for
lack of quantitative data.

The textile industry generates some wastes that may be land treated or tand utilized. Here
again land treatment and utilization is just developing for these wastes and loading rates
have not been established.

The plastic and rubber industry produces some of the most hazardous waste streams
containing oils, grease, highly acidic and caustic residues and having a high BOD and TOC.
Heavy metals, phenols, and cyanides, usually occur in less than 0.1 mg/€ concentrations.*
Organic solvent waste generally characterizes plastic industrial wastes.

The paint industry waste, like the plastic and rubber industry waste, contains highly toxic
substances of a wide variety. Metal pigments, asbestos, cyanide, halogenated hydrocarbons,
and organic pesticides are all well represented. In unaltered or untreated forms these have
little, if any, place in land utilization with our present state of knowledge. Fortunately, the
waste stream is relatively small since much of the residues are reworked and recovered for
reuse.*

1. SOIL MANAGEMENT OF WASTEWATERS

Ninety percent by weight of industrial wastes are produced as liquids.*' The U.S. EPA
personnel estimates further that 40% of the liquids are inorganic and 60% organic.*?

Information available in the literature on the land utilization of wastewaters on noncul-
tivated land well exceeds that of solid waste utilization.****® Since about 1970, a succession
of symposia and conferences have centered on land management of wastes and wastewaters.
Usually the discussions conclude with far more comment on the liquid rather than solid
wastes. This is understandable since (a) wastewaters dominate the disposal waste world in
volume and weight, (b) dewatering waste streams is costly, (c) wastewater disposal offers
more perplexing disposal problems, (d) water is becoming increasingly costly and short in
supply, (e) reuse of some wastewater offers cost savings opportunities, and (f) landowners,
agriculturalists, recreation managers of parks, golf courses, and other public playgrounds
are quick to take advantage of an inexpensive source of water. Thus, the water itself in
waste streams is an additional resource, always in high demand, particularly in the arid west
where short supply and irrigation is a way of life.

The treatment of unavoidable wastes of man on the land is not new, but today the success
or failure of the methods adopted depends on proper design and management. This is true
for all waste and wastewater applications to the soil. Today we are in a position to develop
better systems. More information is available about the soil environment, the physical,
chemical, and biological characteristics and reactions for pollutant attenuation, filtration,
and biodegradation. The purpose of soil management of wastewaters on noncultivated land
is to use this newer knowledge to develop systems for reuse, reclamation, renovation, and
revegetation, all associated and compatible with the concept of land utilization. This objective
includes the methods of application. The method and rate of application influences the
acceptability of a wastewater for land utilization. Wastewaters have the potential of causing
secondary pollution problems. These problems are no less important on noncultivated than
on cultivated land. Land application can be an acceptable engineering practice, if such
problems as-salt buildup, nitrogen and phosphorus excesses in the soil solution and run off,
and nitrogen movement to the groundwater are controlled.

In a special American Society of Agronomy publication,* it was stated that **The materials
we refer to as organic wastes are merely those which are not put to use in our existing
technological system. Once we begin to use them, they will no longer be called wastes, and
if they are in demand, we may even seek to increase their production.”’”
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