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LAWS OF SOIL MOISTURE 

L.A. Richards 
\ii\li \ th>4 

' 

Abstract--Observed regularities in the processes connected with the flow and dis-
tribution of water in soils may, if they are sufficiently general, be referred to as laws 
of soil moisture . The Darcy equation which expresses the proportionality between 
transmission velocity and the driving force for water in saturated soils is one such 
regularity that is commonly referred to as a law. Another regularity that applies 
without exception whenever outflow of free water occurs from soil, is of the nature of 
a boundary condition, but is here proposed as a law; namely, "Outflow of free water 
from soil will occur only U the pressure in the soil water exceeds atmospheric pres
sure." Examples for the application of U1e outflow law are ci ted and di s cussed. 
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Progress in science and engineering has been based largely on the discovery and use ol "11-
larities that occur in the processes of nature. The recognition, verification, and concis·e state- -. 
ment of these regularities constitute one of the prime objectives of organized experimentaUon .IA'. 
and research . Sometimes we seem to get lost in our forest of experimental facts. Vvhen faced ·it 
with the task of correlating and understanding a maze of seemingly unrelated observations Lt ts:l'}· 
comforting to consider Ule simplifications brought to chemistry by the laws of stoichiometry~-. 
U1e atomic table. It is helpful lo think of the tremendous advances made possible in e lec trical ., 
engineering by U1e Maxwell equations and the brief and concise laws named afte r Coulomb, 01im·= 
Faraday, and Ampere . 

The Important relation.of soil moisture to man's welfare has stimulated continuing Lnveetl~·:: 
gations in agriculture, geology, soil mechanics, ceramics, and a llied field s . As a r esult, a mul•~
tipllcity of observations and facts have accumulated. Unfortunately these a re not very well cor~ · 
lated or understood. Few regula rities in soil-moisture processes have been discovered and ,. ,i; 
clearly formulated. It ls the purpose of Ulls paper to promote and encourage this process by '! i:( 
reference to two general principles. One of Ulese ls widely recognized and commonly relerrecft,] 
to as a law, Ule other deserves wider recognition and use by s tudents and investigators and pe~l 
haps deserves to be dignified by designating it as one of Ule laws of soi l moisture . d f/.. 

,.1 .. 
Darcy's Law--DARCY (1856) reported that the rate of flow of water through sand Hiter beds~· 

was described by the equation -":· 

Q = ks (H + e)/e ...... .. .. . . . •. • • • • • • • • . ; (\) 
: . ,~. 

for the case where the pressure under the filter is equal to the weight of the atmosphere and ' "' 
where Q is the volume of water passed in unit time, s Is the area of the bed, e is the Ulicknesa 1' 
the bed, H ls the height of Ule water on the filler, and k is a coefficient depending on the nature 1' 
the sand. As staled, this equation applied to steady linear flow through satu rated sand . Water ; 
motive forces arising from both gravity and the pressure gradient are taken into account. U wt: 
define the transmission velocity v = Q/s and the hydraulic gradient i = (e + H)/e we have 

V = ki . ... . . ........ ... . . . ... . ....• Ill 

which is a vector equation applying to three-dimensional flow in Isotropic media and ls often tlUI 
as the general form of the Darcy flow law .. The equation expresses ilie fact that Ule flow rate It · , 
proportional to the water motive force. MUSKAT (1937} has reviewed the conditions underwblQ ·:. 
the law is valid and has given an excellent summary of methods and examples for Ule appllcatlol ,\ 
of ilie law to ilie solution of practical flow problems . Numerous scientists and engineers thr~ 
out Ule world have used this law as a basis for a rational analytical attack on problems involVUC 
the flow of water in saturated soils. 

Our definitions and methods for measuring permeability are based directly on the Darer . 
Numerous permeabillty units for soils have been considered (MUSKAT, 1937; RICHARDS, 1940), 
The simple Darcy coefficient k in (1) and (2) ls most commonly used in agricultural soils woit 1 

The large and rapidly changing effects produced by the interaction of colloidal and organic 
and the quality of water make it impractical to take into account small effects such as are dllt_ 
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i:Jiange in viscosity with temperature. It is seen that k, the permeability, is equal to the trans
, '·ll!isslon velocity when the hydraulic gradient is unity, that is, when the driving force is equal to 
:, gso dynes/gram . 
:-t 
.. ~ It ts surprising, in view of the long and useful history of the Darcy law, that some soil scientists 
f and engineers are even yet reporting laboratory permeability data on the effect of various treat-

.. ; 111ents on the wate r - trans mitting prope rties of soils under concUUons where the hydraullc gradient 
Is unmeasured and unreported . 

, Practical applications of agricultural research are made in ll-:.e ~leld, and here the transmis-
:. lion velocity is a more useful, usable quantity than permeability. Permeability can be measured 
"011 samples which are transported to the laboratory. The hydraulic gradient which operates ln 
.. tbe field, however, is determined by the characteristics and boundary concUUons for the whole pro
''·tue. Consequently, the hydraulic gradient is a soil moisture factor that generally must be meas-

lll'ed ln the fi ~ld. Field methods for apprais ing both permeability and the hydraulic gradient are 
,·under active development at the present time and the Darcy law is a unifying and slmplifying basis 
for progress with this work [PILLSBURY and CHRISTIANSEN, 1947; KIRKHAM and van BAVEL, 

. 1948). 

~, Outf!ow Jaw--It has been recognized by some investigators that a special boundary condition 
.... for the pres sure of water ln soil must be met before water outflow will occur . A general state
' ment of this principle which ls here proposed as a law of soil moisture might be phrased as fol
( lows: "Outflow of free water from soil occurs only lf the pressure ln the soil water exceeds at
. mospherlc pressure ." ~. 
i This relation is so simple and obvious as scarcely to need formulation and proof . Newton's 
llrst and third laws of motion als o appear to be almost obvious, and yet these simple laws, when 

,f logically applied, can lead to concluslor.s which m :1.y not be obvious. 

1.: The outflow law may be simple demonstrated wiU1 a wick siphon as shown ln Figure 1. Wet 
j, lplece of clean cotton cheese cloth with water and crumple lt into a porous roll about three cm 
fl1 diameter and 20 cm long. Hang the roll ove r a rod and mount a beaker with the wate r at the 
~aame level as the fr ee end of the wick as s hown at A. Surface tens ion action will cause water In 
·, tbe porous wick to come to pressure equilibrium with water In the beaker . Water at each leve l In 

lhe right hand side will have the same pressure as water ln the left hand side of the wick at the 
lame level. Thus water at the free end of the wick wlll be at atmospheric pressure and no outflow 

t l'lll occur. U the beaker ts raised slightly as shown at B, pressure in the water throughout the 
'lick will be r ais ed and drops will begin to form and continue to fall from the free end of the wick. 

I\ • 

The outflow law appli es to the entry of water into underground tile drains and drainage of 
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Fig, 1--Demonstration of the moisture outflow 

law with a wick siphon 
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752 L. A. RICHARDS 

water from lyslmeters and soil pots used for growing plants. The law applies to the anomai 
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.exture

1 ac ts like a perc hed wa te r table because the so1l m01sture at the lower boundary of the hne-tex~ 
tured layer must come practically to atmospheric pressure before it will move into the coarse 
mate rial , ZUNKER (1930] has discussed this soil moisture phe nom enon. ·,'• 

:1 · 
Applic,ttlons of the oulilow law--Lys lm eters constitute an Important c ase for the applica~ 

of Uic outflow law, HICHARDS, NEAL and RUSSELL [1939] used tensiometers to study molstul'I 
r e l ations in the lysimcters of the Soil Conse rvation Service Experiment Station at Cla rinda · ' 
and s ta te , "Before fre e wate r will dra in away from a ly simeter it is necessa ry that the pre's 
in the soil wate r at the base of the column shall approach atmospheric pressure ." In the same , 
volume, RICHARDS a nd JOFFE (1939] reported laboratory experiments with soil columns whe 
dra inage to a conventional lysimeter funnel and drainage to a tension plate that was used to sl · • 
la te deep soil percolation were compared . They recognized and stated the zero pressure (zero\ 
tension) outfl.ow boundary condition . Earlier statements of the outflow law as applied to lys1m· 
have undoubtedly been made a nd the write r would appreciate having these earlier statements , 
called to hi s attention . · ~ 

,, 
KOHNKE, DREIBELBIS, and DAVIDSON (1940] made a survey of the construction and use ci: 

lysimeters and state, "The greatest fw1ctional error ln all three types of lysimeters probably 
occui:s at the bounda ry of the ly s imeter soil and the air beneath it. When the gravitational w 
reaches this poi nt it will have to overcome the resistanc e set up by surfac e tension before It 
leave the soil." These authors indica te that lysimeters have been used for experimental wo1' · 
more than 260 yr and cite nearly 500 references to public ations on lysimeter work . And yet lt; 
only rec ently [COLMAN and HAMILTON, 1947] that this outflow boundary condition has been "' , 
into account , Anoma lous r esults obtained with different types and different depths of lyslmetera ~ 
in response lo different cropping and r ainfa ll conditions can often be explained if the outflow " 
a ry condition and its effect on U1e moisture r egim e are clearly unde rstood . 

' 
When the outflow law is more generally recognized it is expected that lyslmeters designed 

for hydrological studies will e mbody porous structures such as proposed by RICHARDS and 10m 
(1939], WALLlHAN (1940], and COLMAN (1946], so as to simulate more closely moisture conditklil 
in the na tural profile, ,.~ : 

Soll pots which are used in varying sizes for the experimental and commercial growing ot{tti~i 
plants a r e, like lysime te r s , s ubject lo th e outflow law if s ufficient water is applied so that draiaap\ 
occurs . The moisture r egime is quite different from field conditions and accounts for the fact 1;r.·;,'. 
tha t liberal admixtures of sand and peat are made to potting soil by comme rcial growers in o ' ' 
to increase the size of the soil pores . ln view of the outflow law it is clear that special precautlOII 
with irrigation are required to avoid abnorm al plant responses caused by water logging if testa A\ 
are to be made with small lots of fine textured soils. 11,1,, 

. l'r'" ~i:, 'if.,;\. 
SHAFFER, WALLACE, a nd GARWOOD [1937] have shown that the putflow law applies at tht yi ,; 

periphery of porous media in a centrifuge and r ecognition of this fact made it possible to obtaiJI - ~';
theo retical solution of the m ois ture equivalent centrifuge problem [RICHARDS and WEAVER, 1a64}', 

' \· s,~ ..:. 

While the present dis cussion rela tes prima rily to soils, we must keep in mind the unity of aA':°1 
science , The two laws of soil moi s ture s tated above appear to apply equally well to any llquid IA,\t,1 
any porous medium which is wetted by th e liquid . .',~(f;; 

Additional laws-- Additional laws of soi l moisture will be discove red and formulated as our~:> 
knowledge of soils increases, Some readers may wis h now to propose additional laws. For ' 
the movement of wate r in the root zone for soils tha t do not hav e water tables , permanent or t , 
rary, takes place under uns aturated conditions . The original statement of the Darcy law did 
include unsaturated flow . The extension of the Darcy equation to cover unsaturated flow for the, 
isothermal case has been made a nd is in the state of what might be called a working hypothesla, 
P e rhaps at som e future time the Da rcy la w can be generalized to cover both saturated and un- , ,-, 
saturated flow conditions. ,it 

' ', 

The complicated interre lation of heat and moisture transfer in unsaturated soil can prob 
be expressed in s imple general terms but as yet little progress has been made in this ctirectloD 

Y, 

,, . 
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DISCUSSION 
!' 

; ·.E. C Chj)ds (University of Cambridge, Cambridge, England)--1 am in general sympathy with 
lllchards' thesis , and with him, deplore a current tendency to confuse permeability with an observed 
brutration rate in unspecified and unreproducible conditions. I should, however, prefer to express 

• Y's law in the three-dimensional form 

V = -k grad.,, 

mulated as~ 
laws . for 

1rmanent or tellll"" 
,rcy law did pal 
:ed flow for tht 
:ing hypotheslS· 
1rated and un-

ere ,f, is the hydraulic potential, grad ,t, reducing to Richards' i for one-dimensional flow. My 
erence is no doubt due to my greater concern with drainage problems which are rarely one-

, ensional [CHILDS, 1943, 1945a, 1945b, 1946, 1947a, 1947b, 1948; CHILDS and GEORGE, 1948). 
,or the rest, I should like to dlscuss one section only of RICHARDS' paper, that dealing with un-
- rated soil . I do not think that Darcy's law itself needs to be generalized; we just have to recog

• that the permeability so defined is a function of moisture content (as indeed was demonstrated 

soil can prot>ablJ 
n this cnrectloa 

I RubidoUll ~ 
u Research,.... 

RI.chards' own pioneering work) a function which has received a satisfactory formulation in my 
ratory [CHILDS and GEORGE, 1948] . It may then be convenient and possible for some problems 

,txl)ress the rate of water movement in terms of moisture content gradient, that ls, by a diffusion 

1 Ion) since a given moisture profile implies both a known potential gradient and permeability 
liven point [CHILDS and GEORGE, 1948]. The complete solution of the problem of water mov

clown a moisture profile then becomes a matter of solving the problem of non-linear diffusion, 
8 complicated by hysteresis . It seems to me that it is along these lines that progress ap-

... _most promising . 
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E, A, Colman (California Forest and Range Experiment Station, Berkeley, Calif .)--In orde~ 
emphasize the significance and implications of U1e outflow law which Richards has proposed, l fj\ 
should like to mention some of the information we have obtained from the San Dimas lyslmeteni 
(COLMAN and HAMILTON, 1947]. When the large lyslmeters of this installation were built we•· 
not cover U1e tank bottoms with a layer of gravel, recognizing that such a layer would not insurt 
drainage of the soil above to field capacity . Instead the tanks were filled entirely with uniform· 
soil. Late r 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 yeara• ,; , 
of observations we found, as was to be expected, that seepage did not start until moisture te~ 
dropped to zero in these tensiometers, nor did the tension increase again until seepage had a ,, 

During the period of these observations we also had tensiometers placed with their porous':~ 
cups at various levels within the lysimeter soil . These tensiometers showed that during pe~l;-. 
seepage, zero moisture tension was maintained in the soil to a height of three feet above the B"NI; 
plane. This suggested that the lower half of the soil in these tanks was virtually saturated thl'QUft J 
a considerable part of the winter rainy season , a condition which is far from normal for this soliJ<, 
and the vegetation studied, in their natural state. . ,~r,; 

These and similar observations have led us to believe that lysimeters must be equipped ~~lr 
drainage control devices If results obtained from them are to have application beyond the lyaliii" 
themselves . '1' 

,;:;I(_;: 
Wlllard Gardner (Utah State Agricultural College, Logan, Utah)--It is to be expected that th1;t, 

curvature of the air-water interface at the bottom of the right-hand part of the tube represented ·~ ~ 
in A of Figure 1, would be zero and the pressure throughout the tube would not be disturbed by ':1'-'.:~ 
placing this end of the tube also in water at the same level as tllat in the beaker . This should ~;~-'
represent the same state of equilibrium as before, the force per unit volume due to the pressurtJ, . 
gradient being balanced by the pull of gravity per unit volum e . •·t.!J: _. 

, ..... \, 
The water at the end of tlle tube on tlle right of B would tend to develop a convex curvature wll 

a slight increase in pressure sufficient to keep tlle water ln the tube even though tlle interface at , 
this end were slightly below the level of the water in the beaker. The interface, If curved, doea,.J~ •· 
tllerefore have a slight influence on the state of equilibrium . However, were this interface also .1L , 
removed by dipping the end Into free water at a level lower than that in the b!!aker, tlle water wollll •. 
of cours e move out of the beaker through the tube however small tlle difference in elevation mar)• '; I 

so long as it does not vanish completely. There exis·ts also a small pressure gradient in the a.lm!II"; · 
phere that should not be overlooked but it would modify the problem very llttle to reduce the ~ J. 
pheric pressure to zero. · ~ · I. 

1;{ ~ 

Can we not infer all tllat this proposed outflow law implies? We may infer for example fl'OII! , .·· 
Newton's second law that If a particle moves in the direction of a constant force tllat ls applied .to, .. : 
lt tlle distance it travels ls a quadratic function of Uie time, but we would not be inclined to re~/ 
U1ls as a new law . , t,1f •~ 

~ l 

Don Kirkham (Iowa. State College, Ames, Iowa)--In an article "Some tests of tlle difiuslOll 
theory, and laws of capillary flow in soils" [Soll Sci., v. 67, 1949), C. L. Feng and I report datJ: 
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· yblch show that the horizontal capillary flow of water from a free water source into air-dry soil 
,ii.takes place in accordance with the laws Q = Atl/2 .+ a and X = Btl/2 + b, where Q is the quantity 
'l•ctwater absorbed in time t, Xis the distance of advance of the wet front and A, B, a, and bare 
f-constants, the lattex: two for practical purposes zero. The equations were designated laws be
\ause of their simple nature and because Hichards had pointed out, soil moisture laws, if we have 
?. tbem, should be announced. Whether or not the expressions should be called "laws," we are still 
:,ware that a more important expression, a law for capillary flow, remains to be discovered. It is 
\oped this law would relate simply the rate of water movement, moisture content, and driving 
sradient, all, over a wide range of moisture content. As Richards indicates this law must reduce 
lo Darcy ' s law when the soil is water-saturated. The law will also have to conform to the laws 

•. ,i,en above . 

~. Helmut Kohnke (Purdue University, Lafayette, Indiana)-- I am glad to see the outflow law so 
' clearly stated by Richards. It may be added that ·outflow begins at the threshold between tension 

and pressure. I believe the first lime the outUow law was taken into account in the design of lysim
•·eters was 1936 at the North Appalachian Watershed Experiment Station near Coshocton. A depth 
d eight feet was chosen to provide adequate moisture tension in the main root zone. Shallow lysim
eters with porous bottoms held at certain tensions have the disadvantage of removing water from 
lhe soil body that cannot climb up again in vapor or liquid form as it would under field conditions. 
11 seems that a considerable depth ls a prerequisite for future lysimeters, The wick experiment 
u demonstration of the outflow law is extremely clever and simple . I wonder why Darcy's law has 
10t also been expressed in the form of a sentence in this paper as the outflow law has been. 

L-r M, R, Lewis (Bureau of Heclamation, Washington, D . C .)--The phenomenon discussed by 
,Richards furnishes an excellent example of delay in formulating the laws governing soil moisture. 
WIOSTO£ and MCLAUGHLIN l1Ul2j found that a.fler free drainage ceased, more moisture remained 
In a one -foot co lumn of soil than in the upper fool of a three-foot column. V ElHMEY EK, ISHAELSON, 

. 111d CONRAD (1924 j found that th e deeper Uie soil column us ed in U1e determination of the moisture 
\~ulvalent the less the average moisture content at the end of equal periods of exposure to the same 
.~ntr~ugal force . PIPER (1933) and others ha_ve noted that the field c_apacity or specific retention 
/J. soils cannot be determrned by merely dra1n1ng short columns of soil resting on coarse sands or 
rreens . Undoubtedly s uch manifestations have been noted ov e r a long period but the law was not 
Jlearly stated, so fa r as the writer knows, before the 1939 reports cited. About 1918, W. G. Sloan 
Ind the writer had occas ion to make an interesting demonstration of the phenomenon. It was denied 
,lhat a certain irrigation canal on high land was losing water by seepage and the denial was backed 
lpby a showing that wat e r di<l not drip from the roof of an unlined horizontal opening a few fe et 
below the bed of the canal. To counteract thi s evidence a rectangula r hole was cut in a strip of 
blotting paper and one end of this was placed in a tumbler of water while the other end, with U1e 
~le, was bent down on the outside . Soon waler dripped from the end but none crossed the open 
lpace . 

,;~ There is great need for a clearer understanding of the similarities and dissimilarities of flow 
,J}aturated and unsaturated soils and it is to be hoped that progress will be made in developing 
le applicable laws. 
/l 
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1·A...L.Pillsbury (University of California, Los Angeles, California)--This paper serves the 
~lrable purpose of pointing up simple, fundamental, soil-water relationships. Question might be 
' ed as to whether or not the Darcy equation should be called a law because it holds only for 
" lnar flow, and because of the problems r elated to unsaturalion. Also, BUCKINGHAM (1907] 
I ars to be the fir s t to recognize U1e outflow law, and VEIHIVd~YEH, ISRAEL::lON, and CONRAD 
24] recogniz e the saturated condition of the oute r face of moi s ture equivalent samples. 
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VEIHMEYEH , F . 1., P . W. ISRAELSEN, and 1. P. CONRAD, The moisture equivalent as influ ,. ~ '. 
by the amount of s oil used in its determination, Univ. Calif ., Coll. Agr., T ech . Pape r 16, l~a •. 

S. 1 . Richards (University of California , Rive rside, C<1.liI .)- -By suggesting the use of the 'WO~ -~'. 
laws to na m e the generalizations discus sed in its r eport, the committee may be gene r ating smo1r. 1'4~ 
which will hide the fir e of the real purpose for writing U1e report. For example, many workers •~:{'t 
will prefer to call Equation (2) the Da rcy .l!:quation when applying it to unsaturated flow. Howeve"' j,, 
the nam e used s hould be subordinat ed to the idea .involv ed . The ideas suggested a r e fundamenta{',J · .: 
and useful. They s hould be stated in te rms that will give the gr eatest di s tribution among worker~! ·,ie, 

The out!low law as s tated r elates only to the mois ture close to the horizontal plane at Which "1 i,·, 
outflow bounda ry occurs. In t_he discussion of the _application the s u\rnestion_ is made that molstu~i·, 
in so il laye r s abov e the locahon of U1e outflow 1s influenced, which 1s certainly the case . Soil , . 
mois ture a bove a n outflow bounda ry m ay be unde r a tension, T, equal to the height of the soil hr: '•· 
above the bounda ry. (Tis he r e measured in length units of equiv alent soil solution.) For the•c- f'.· 
when the soil moisture i s dra ining downwa rd lo an outflow, U1 en the tens ion a t any elevation must 1 _: ·· 

be less than th e ve rtical height m easured to the outflow bounda ry . ,'. ': ,., " .· , 
L. A, Richards (U . S. Regional Salinity and Rubidoux Laboratories , Riv e rs ide, Cali f.) - - ·: i 

The r eviewers' comments make dis tinct contributions toward the appraisal and int e r pr etation ol .; •,. 
the contril.Juted paper and s carce ly need a summariz ing state me nt. Howeve r, a few points brought', .. 
out in the dis cuss ion will be briefly m entioned . ,1 l .. 

Equation (1) was developed by Darcy for a linear, one- dimensional flow cas e and Eq (2) waa .,; : · 
developed in the above paper by s ubs tituting new symbols in Eq (1) . It was not the writer' s lnteii,i'if 
lion, however, to imply, as Childs apparently does in his comments U1at Eq (2) does not apply lo ,_.' 
the three-dime ns ion al case. CHHISTIANSEN (1943] and RE EVE and JEN SEN [1 949] use a flow 
equation equiv alent to Eq (2) for describing non- linea r, ground-wa te r, fl ow patte rn s unde r field IA 

conditions . The hydraulic gradient i in Eq (2) m ay be taktn as identical witl1 g r ad c/> in Childs' ·1, : 
equ ation . The negativ e s ign signifies only a diffe r e nc e in an a rbitra ry convention of nomenclaturt ~• · 
between phys ics and engineering. 

The points raised by Ga rdne r are certa inly pe rtine nt. B.tck pres sure from positive curva- !-'' 
tu res of th e a ir wa te r interfac e will usually exis t and will influenc e outflow. The negativ e form ,- ~ 
used in th e above s tatem ent of the outflow law, nam e ly , "Outflow of free wate r from soil will occur 
only if the pressure in the soil wa te r exceeds atmosphe ric pressure ," takes the back pressure ,,. , 
eff ect into account. The efC ect connected with th e pressu re g r adi ent in the atmosphe r e as men- .,1 ' 
tioned by Ga rdne r does no t appear to apply if atmos phe ric pressure m ent ioned in the above stale• 
ment is conside r ed at the point of outflow . , :ti~},· 

.., ......... 
The las t question raised by G<1. rdner is quite appropria te . What crite ria s hould be satisfied 

by an obse rved, formul ated and ve rified r egula rity in the processes of nature befor e it may prop• ·, 
erly be designa ted as a law? If the relation f = m a can be inferred from the princ iple of least ii i•-, 
ac tion, s hould we ceas e to refer to this equation as a law? Are the empiric al r ela tions mentioned ,. 
by Kirkham s imila r to the examples of U1e quadra tic function me ntioned by Gardne r ? 

Because the Da rcy equ ation does not hold for turbul ent flow and has not been demonst r ated to 
hold for unsaturated fl ow , Pills bury and Richa rds question wh ethe r it s hould be r efe rred to as a '/ • 
law. Following the s am e reasoning would these men say that since a r elativity correc tion must bl, i 
applied a t high velocities, f = ma s hould not be c al led a law ? ·r · 

Certainly thes e a r e questions for which there is no bri ef answer . Ob\·ious ly it was the objec• 
tiv e of the contributed pape r to s tate the outflow bounda ry condition in c lear , conci s e fo rm for Y. 
pedagogic purposes. Thi s importa nt r e lation whic h has many prac tic al applications does not ~ , 
to be widely famil iar to so ils workers. Whethe r ultim ate ly it will be r efe r r ed to as a law or slmplJ 1 
as a bounda ry condition will have little eff ect on its usefulne s s. Discussion on whethe r it constl· ' ,.. i· 
tutes a law might eve n promote the objective of the contributed pape r . 4'- . 
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