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field drainage case where a shallow soil layer of fine texture is underlain with coarse mate
Instead of providing improved drainage, the abrupt transition zone from fine to coarse t

acts like a perched water table because the soil moisture at the lower boundary of the fine-tex=y
tured layer must cc~=< practically to atmospheric pressure before it will move into the coarsgs
material. ZUNKER 930] has discussed this soil moisture phenomenon. :

water from lysimeters and soil pots used for growing plants, The law applies to the anc::lﬁ

Applications of the oytflow law--Lysimeters constitute an important case for the applicatiay
of the outflow law. RICHARDS, NEAL and RUSSELL {1939] used tensiometers to study moisturg_
relations in the lysimeters of the Soil Conservation Service Experiment Station at Clarinda, low,
and state, ‘‘Before free water will drain away from a lysimeter it is necessary that the presag
in the soil water at the base of the column shall approach atmospheric pressure.’”’ In the sam
volume, RICHARDS and JOFFE {1939] reported laboratory experiments with soil columns whery,
drainage to a conventional lysimeter funnel and drainage to a tension plate that was used to simm
late deep soil percolation were compared. They recognized and stated the zero pressure (zero;,
tension) outflow boundary condition. Earlier statements of the outflow law as applied to lysimetes
have undoubtedly been made and the writer would appreciate having these earlier statements
called to his attention. §

KOHNKE, DREIBELBIS, and DAVIDSON (1940] made a survey of the construction and use o
lysimeters and state, ‘‘The greatest functional error in all three types of lysimeters probably
occurs at the boundary of the lysimeter soil and the air beneath it. When the gravitational watee
reaches this point it will have to overcome the resistance set up by surface tension before it cas
leave the soil.”” These authors indicate that lysimeters have been used for experimental work far
more than 260 yr and cite nearly 500 references to publications on lysimeter work. And yetitis
only recently [COLMAN and HAMILTON, 1947] that this outflow boundary condition has been taks
into account. Anomalous results obtained with different types and different depths of lysimeters
in response to different cropping and rainfall conditions can often be explained if the outflow bows*
ary condition and its effect on the moisture regime are clearly understood. A

L

When the outflow law is more generally recognized it is expected that lysimeters designed
for hydrological studies will embody porous uctures such as proposed by RICHARDS and JOIFft
(1939], WALLIHAN [1940], and COLMAN [1940|, so as to simulate more closely moisture condithe®
in the natural profile. <

-
ol

Soil pots which are used in varying sizes for the experimental and commercial growing o .
plants are, like lysimeters, subject to the outflow law if sufficient water is applied so that draissf
occurs. The moisture regime is quite different from field conditions and accounts for the fact.*
that liberal admixtures of sand and peat are made to potting soil by commercial growers in ordes
to increase the size of the soil pores. In view of the outflow law it is clear that special precastis®
with irrigation are required to avoid abnormal plant responses caused by water logging if tests
are to be made with small lots of fine textured soils. L E

LR

SHAFFER, WALLACE, and GARWOOD {1937] have shown that the putflow law applies at the
periphery of porous media in a centrifuge and recognition of this fact made it possible to obtais 8
theoretical solution of the moisture equivalent centrifuge problem [RICHARDS and WEAVER, 1

While the present discussion relates primarily to soils, we must keep in mind the unity o
science. The two laws of soil moisture stated above appear to apply equally well to any liquid 1
any porous medium which is wetted by the liquid. . -

Additional laws--Additional laws of soil moisture will be discovered and formulated as o0& __
knowledge of soils increases. Some readers y wish now to propose additional laws. For e
the movement of water in the root zone for s that do not have water tables, permanent or !
rary, takes place under unsaturated conditions. The original statement of the Darcy law did oot
include unsaturated flow. The extension of the NDarcy equation to cover unsaturated flow for the
isothermal case has been made and is in the . e of what might be called a working hypothesis.

Perhaps at some future time the Darcy law can be generalized to cover beth saturated and un= .
saturated flow conditions. '

The complicated interrelation of heat and moisture transfer in unsaturated soil can prob’w
be expressed in simple general terms but as yet little progress has been made in this airecto® .

Acknowl ment--This is a contribution from the U. S. Regional Salinity and Rubidoux Labo
tories, Bureau of Plant Industry, Soils and Agricultural Engineering, Agricultural Research
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E. A Colman alifornia Forest and Range Experiment Station, Berkeley, Calif.)~-In order
emphasize the signuicance and implications of the outflow law whtch Richards has proposed, [
should like to mention some of the information we have obtained fromtheSan Dimas lystmeten
[COLMAN and HA LTON, 1947]. When the large lysimeters of this installation were built we&¢
not cover the tank pottoms with a layer of gravel, recognizing that such a layer would not insate
drainage of the soil above to field capacity. Instead the tanks were filled entirely with uniform
soil. Later we placed tensiometers in the soil at the seepage outlets (the soil is six feet deep)
and measured moisture tensions before, during, and after seepage periods. Over several years
of observations we found, as was to be expected, that seepage did not start until moisture tensi
dropped to zero in these tensiometers, nor did the tension increase again until seepage had M

During the n=ariod of these observations we also had tensiometers placed with their porou .
cups at various vels within the lysimeter soil. These tensiometers showed that during perlnﬁ‘
seepage, zero moisture tension was maintained in the soil to a height of three feet above the seup®
plane. This suggested that the lower half of the soll in these tanks was virtually saturated throg
a considerable part of the winter rainy season, a condition whicl is far from normal for this
and the vegetation studied, in their natural state -,

i These and simllar observations have led us to believe that lysimeters must be equlpped"
i drainage control devices if results obtained from them are to have application beyond the ly
Wl themselves.
i %
ard Ga r {Utah State Agricultural College, Logan, Utah)--It is to be expected that B¢
curvature of the air-water interface at the bottom pf the right-hand part of the tube repres
i in A of Figure 1, would be zero and the pressuré throughout the tube would not be disturbed W
placing this end of the tube also in water at-tife same level as that in the beaker, This sh
represent the same state of equilibrium asibefore, the force per unit volume due to the pres-'”
gradient being balanced by the pull of graw?ty per unit volume : o
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The water at the end of the tube on the right of B would tend to develop a convex cumtllf'-"
a slight increase in pressure sufficient to keep the water in the tube even though the interface #
this end were slightly below the level of the water in the beaker. The interface, if curved,
therefore have a slight influence on the state of equilibrium. However, were t.his interface also-
removed by dipping the end into free water at a level lower than that in the beaker, the water "'
of course move out of the beaker through the tube however small the difference in elevation A
so long as it does not vanish completely. There exists also a small pressure gradient in the
phere that should not be overlooked but it would modify the problem very little to reduce the
pheric pressure to zero. =

Can we not infer all that this proposed outflow law implies? We may infer.for example “"
Newton’s second law that if a particle moves in the direction of a constant force that is B-PPMed
it the distance it travels is a quadratic function of the time, but we would not be mcllned to
this as a new law,

Don Kirkham (lowa State College, Ames, fowa)-~In an article ‘‘Some tests of the diffusiod
theory, and laws of capillary flow in soils’’ [Soil Sci., v. 67, 1848], €. L.. Feng and I report 428
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VEIHMEYER, F. J., P. W. ISRAELSEN, and J. P, CONRAD, The moisture equivalent as i
by the amount of soil used in its determination, Univ. Calif., Coll. Agr., Tech. Paper 186,

S. J. Richards (University of California, Riverside, Calif.)--By suggesting the use of the wmg
laws to name the generalizations discussed in its report, the committee may be generating smay
which will hide the fire of the real purpose for writing the report. For example, many workers-:
will prefer to call Equation (2) the Darcy Equation when applying it to unsaturated flow, Hown.,
the name used should be subordinated to the idea involved. The ideas suggested are fundamentsf
and useful. They should be stated in terms that will give the greatest distribution among workem,

The outflow law as stated relates only to the moisture close to the horizontal plane at whicke
outflow boundary occurs. In the discussion of the application the suggestion is made that moistam
in soil layers above the location of the outflow is influenced, which is certainly the case. Soil S
moisture above an outflow boundary may be under a tension, T, equal to the height of the soil, ¥
above the boundary. (T is here measured in length units of equivalent soil solution.) For the cam
when the soil moisture is draining downward to an outflow, then the tension at any elevation must
be less than the vertical height measured to the outflow boundary. 325

o -

L. A, Richards (U. S. Regional Salinity and Rubidoux Laboratories, Riverside, Calif.)-- -
The reviewers’ comments make distinct contributions toward the appraisal and interpretation of
the contributed paper and scarcely need a summarizing statement. However, a few points broogd
out in the discussion will be briefly mentioned. nfr

Equation (1) was developed by Darcy for a linear, one-dimensional flow case and Eq (2) was
developed in the above paper by substituting new symbols in Eq (1). It was not the writer’s intes
tion, however, to imply, as Childs apparently does in his comments that Eq (2) does not apply to.
the three-dimensional case. CHRISTIANSEN [1943] and REEVE and JENSEN [1949] use a flow
equation equivalent to Eq (2) for describing non-linear, ground-water, flow patterns under field -
conditions, The hydraulic gradient i in Eq (2) may be taken as identical with grad ¢ in Childs’
equation. The negative sign signifies only a difference in an arbitrary convention of nomenclanll
between physics and engineering. A

The points raised by Gardner are certainly pertinent. Back pressure from positive curvas _
tures of the air water interface will usually exist and will influence outflow. The negative form.
used in the above statement of the outflow law, namely, ‘‘Qutflow of free water from soil will occl
only if the pressure in the soil water exceeds atmosphenc pressure,’’ takes the back pressurc
effect into account. The effect connected with the pressure gradient in the atmosphere as mea-".
tioned by Gar+~=r does not appear to apply if atmospheric pressure mentioned in the above sqﬂ“
ment is cons red at the point of outflow. B

The last question raised by Gardner is quite appropriate. What criteria should be satisfied
by an observed, formulated and verified regularity in the processes of nature before it may pﬂr
erly be des1gnated as a law? If the relation f = ma can be inferred from the principle of least..-
dction, should we ceace to refer to this equation as a law? Are the empirical relations ment 0‘
by Kirkham simila:  the examples of the quadratic function mentioned by Gardner?

Because the Darcy equation does not hold for turbulent flow and has not/éeen demonstrated.
hold for unsatur  d flow, Pillsbury and Richards question whether it should be referred to a8 3"

law,. Following tne same reasoning would these men say that since a relativity correction mtl-"»tu
applied at high velocities, f = ma should not be called a law? / . :

Certainly these are ques ns for which there is no brief answer. Obviopsly it was the Obl“_‘:,
tive of the contributed paper to state the outflow boundary condition in clear? concise form for
pedagogic purposes. This important relation which has many practical applications does not
to be widely familiar to soils workers. Whether ultimately it will be referred to as a law or sime¥
as a boundary condition will have little effect on its usefulness. Discussion on whether it constd-
tutes a law might even promote the objective of the contributed paper.

References

CHRISTIANSEN, J. E., Ground-water studies in relation to drainage, Agr. Eng., v. 24, pp. 339-

342, 1943.
REEVE, R. C.,andM, C. JENSEN, Piezometers for ground-water flow studies and measureme“‘
of subsoil permeablhty Agr. Eng v. 50, pp. 435-438, 1949.

e




