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AELATIONS BETWEEN SVAPORATIVITY AND EVAPORATION FROM SOILS IN CONTACT WITH

A WATER TABLE

INTRODUCTION

An avaluvation of tha hydrologic cyecle nacessarily involves
conputation of soma of the terms in the familiar equation

P-E+428 =R

where P = Precipitation

E = Evaporation
&3 = Change in storage
R = Runoff

The evaporation term "E" may refer to evaporation from water
surfaces, transpiration by planis, or evaporation from goils either in
contact or not in contact with a water table. This paper is a presenta-
tion of experimental resulis on studies of the evaporation tsrm "E" from
thrse soil types in contaet with a water table., Field conditions come
parable to those esimulated by these laboratory studies may bs found in
many areag of the irrigated West where accumulations of excess irrigaticn
water in low-lying areas presents problem of drainage and harmful accumu-
lations of salts,

In the c¢ase of saturated soil there is little reason to expect
evaporation from soil te bs differsnt from evaporation from a free-water
surface. As the soll surface dries beyond field eapacity, however, the
process of vapor diffusion through the scil becomes increasingly important
in the evaporation process, The study reported here is concerned with the
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trangition between moisture contents cf complete saturation in which the
£low is entirely :in ths liquid phase, end field capacity, in vhich the flow

is largely by difiusion in the wvepor phkase,

EXPERTVMENTAL EQUIPMENT AND PROCEDURES

Three scll types were placed or a rotating table at equal radii
in & spselally construsted chamber in which a constant temperature, humidity,
and level of infra=-red radiation could be maintained, Slide 1 shows the
sxperimental equiyment on the turntable,

Slide 1. Soil columns and related equipment in position on the
turntable,. .

The columns wers insulated to minimise radial temperature gradi-
ents. Thermocoupies were placed in the columns to msasure vertical
temperature gradients. Radiant energy was supplied by turning on various
combinations of the infra=-red lamps above the turntable,

Water was supplied to the basse of the column at constant pressure
from Mariotte-siphon bottles. A schemstic diagram of the arrangement of
the column is shown in Fig. 2. The length of the column was increased by
adding lucite sections., The water-table depth was fixed by the vertical
position of the Mariotte-siphon bottle. Rate of evaporation was determined
by periodic weighing of the bottles.

In a fourth eclumn of fine gend on the turntable the water table
was meintained at the surface. This column is hence forth termed a "free-
wvater surface"”, Kvaporativity, defined as the potential rate of evaporation
produced by ambient conditions, was messursd by the rate of evaporation from

this "fres-water surfacs",
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ine combinations of angi ant factors were used %o produce a
variety of evaporation rates, Fig. 3 shows the rate of ovaporation from
the frees-watsr surface for sach of the nine sets of amblent conditicns,

Additionsl rune vere made with deeper water-table depths simulated
by supplying the water %o the hass of the column at pressurss less thanm

atmoapherie through a ceranic plate as shown in Fig. 4-

RESULTS

Evaporation rates from ths soil (e,) as a function of evapora-
tivity as measured by the rats of evaporation from & fres-water surface
(ep) are ghown in Fig. 5. Ezaminstion of these figures shows that each
#oil type exhibits similar characteristics. For shellow water tables and
low evaporativity there is nearly a one-ic-one correspondence between e,
erd 6po As the water table was lowsred and evaporativity increased, tha
relation changsd so that finally an inverse relation was found Betwaen
evaporativity and evaporation from the soils.

Since a najor part of the increased evaporativity was caueed by
increased infra-red radiation on ths soil surfacs it was first believed
that the inverse relation observed was caused by the effsct on vepor move-
mant of.a downward tempersture gradient in the soil profils as suggested
by Philip.* Additional experiments were conducted, using simulated
deeper water tablegwith the apparatus described in Fig. 4. The results are
ghown in Fig. 6.

# Philip, J. Ro Eveporation, and moisturs and heat field in the soil,
Journal of Metsorclogy, 14(4):1354:66, 1957.
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For the seriss of ?Hﬁ$-5i7un in Pig. 6 the evaporativity wae
inereased from the first te ths second yun by incrsasing the ambient
temperaturs and the rate cf air qu{%ﬁlf¥§f the top of the scil colwans
without infra=-vred radilation. BEwaporation from each of the soils increased
with the incressed evaporativity.

Evaporativity wes inereassed for the third run by increasing
the infra-wed radlation on the soil surface. Ths net affect of this
change was to decrsase the rats of avaperation from each of the solls.

For the fourth run all scurces of iafra-red light verc elimin-
sted, but the svaporation rates from the soils did not recover %o the
former valus, Hence it was concluded that the downward temperature
graciont was not the sole eauss of the ohaerved inverse reletion betwsen
evaporativity and svaporation from soils in contact with a water teﬁlso

Fig, 7 shows the resulis of another similar series of rurs
with deeper water tables {60 to 83 inches). For this seriss similar
effects were noted, but experimental uncertaintiss weres larger in this
cage than prsviously, and were probably of ths sams megnitude as the

differences obgerved hatwesn runs,

SIGRIFICANCE

The precading expsrimental evidesncs indicates the fol@owing
characteristics coacernirg the inverse relation between evaporativity
and evaporation from soile in contast with a vater table:

1. 7The inverse relation can exlst.

2. It does not require the presence of a downvard

temperature gradient im the soil,



Since the inverse relation can exist, measurements of
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evaporation sates from evaporeiion pan are entirely
unraliable as indicators of' evaporation from soils,.

4o Under scnditions such that the inverase relation occurs,
higher eviporativiity produces moisture conservation
from soils.

5. The gccurrence of ths inverse relation is probably a
Lunction of soil properties rather than a function of

tiie method by which evaporetivity is increased.

MMENTS REGARDING SOIL PROPERTIES

Space does not permit a detailed description of the dominant
rcle played by soil propsrties in the production of the j.nverse relation
noted, but a few of the highlighta will be sunmarizéd here.

1. Any drying of the surface layer produces a condition in
the soil profile such that the capability of the soill to transmit water
is reduced., The moll can transmit water more rapidly through a saturated
so0il profile thzn ean be imbibed upward through a partially dry surface
layer,

2, The mechanism by which the soil profile rapidly loses its
capability to transmit water upward as initial desaturation ocecurs can
be explainsd satisfastorily in terms of & hysteresis property of the
soils.* This property involves a multi-valued rslation between moisture
tension and mointure content that depends on whsther desaturation or

izbibition is occurring.

% The Fole of Hysterssis in Reducing Evaporation from Soils in Contact
with a Water Table, by R. A, Schleusenor and A, T. Corey, Submitted
for publication in Trensactions, Americen Geophysical Union, July, 1958,
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3. Additional experimcats heve besn performed %o clarify the
role of soll properties in the production of the inverse relation betwean
svepcrativity and evaporation from sgoiles. It has been possible to dupli-
cate this phenomenon using arn oil-sand systeam under carefully controlled
corditions with no tempsrature gracdisnts. Thie is considered to be
further experimontal verificstiorn of the concept that the production of
the inverse relation daseribed in this paper ig a rasult of soil pro-
pertiee and rot a function of the method by which evaporativity is lncrsased.
Morscver, it is evidence that a downward temperature gradient is not
required for this phenomenon,



