SOIL MOISTURE MEASUREMENT IN
WATER SUPPLY FORECASTING
By
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Introductisn

Snow surveyors have long recognized the value of measurements of soil moisture on
watersheds. Typical of the papsrs responsibla far this feeling would be Nslson, Wilm and
Work (1953). _/ They cited corrslatisn coefficients for the Columbia River at The Dallss
for 1 April as +0.79 without the soil moisture factor and +0.94 with the soil moisture
data,

Nelson (1962) 2/ pointed out that soil moisture content of the areas not on the
watershed alsos influenced downstream flow through its influence of this moisture level on

‘upstream diversions for irrigation,

Soil Moisturs Determination

Soil molsture for water supply forecasting has been measured by many procedures,
Some of ths principles of these msthods with some of the strong and weak points of each
are subsequently enumerated,

1. Neutron Scattering. In this method a thin-walled tubs of either aluminum or
stainless steel is installed permanently in the soil to the desired depth. When the
moisture content measurement is desired, a nsutron source is lowsred down inside the metal
access tubs. At predetermined peints the concentration of the neutrons, which have bsen
slowed or sttenuated by the water in the soil, are measured. The concentration aof the slow
neutrons may bs measured by sither a rate meter or counter. The advantage of this method
is the ability to sense the moisture content in any concentration. The disadvantages are
the necessity for direct access and the difficulty involved in automation. The meters arse
generally somewhat hesavy and fragile so are difficult to use in remote mountain areas,
Getting AEC clearance for unattended remote operation of automated equipment is a problem.

2. Resistance Methods. Ssveral resistances methods have been used to measurs soil
moisturs for water supply forecasting. All of the methods utilize the fact that the
resistance of a porous medium varies with its moisture content when the resistance is
megasured with alternating current to prevent polarization interferencs. Porous media such
as nylen, soil, gypsum, and fiberglass have been used, with the use of the latter exceeding
the others. The problems with the use of these methods in water supply forecasting are:
first, they are point measurements; second, the salt content varies tremsndously owing to
the decomposition of the orgeanic matter; third, the units do not operate below freszing
but do indicate when they are frozen., The use of ths units are somewhat limited at the
upper end of the meisture range.

Andsrson (1955) 3/ devsloped a "plotting index" te utilize ths Colman meter
readings directly., He based the index directly on the number of inches of moisture
deficiency present in a four foot-seil profile in Arizona. The saturation or zere
deficiency point was at a low scale meter reading of 146 or 1100 chms, Use of this index
improved his forscasts measurably,

3. Capacitance Methods. These metheds have not been widely used for water supply
forecasting but should prove superier to the resistance methads, The principle of opera-
tion is based on the fact that the capacitance of a porous medium dislectric is strongly
increased by the presence of water. The detsrmination is simple and rapid but is somewhat
temperature sensitive. The grsatest wesakness is that, in common with neutron and resis=-
tance method, it is a point sample.
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4, Other HMathods, No ether methods for measuring scil moisture have beem widely
used for water supnly Torscassting, but some obther methods may be used. A Few of the
methods for measuring soil moisturs, which at some time may be used, follow:

8. Thermal Radistion Units. The response of thess units depends on the resistance
of 2 fine copper wire being sensgitive to bempsrature. A heat pulse is applied to a
soil, Wet soil cenducts heai away from the hesal scurce better than dry suil, The
resistance readings of the fine copper wire at the end of one minute Fuollowing

the heat pulse is ar index of the soil moisture comtent, D. C. Ohmmeters are now
available in @ guality which would make it possible to automate the method. This
is again a point measuremant.

b. Gravemstric Sample. This iz the old strong arm wethod. Unless multiple samples
are taken the errors are greatsr en this than any of the other methods,

c. Air Humidity. This method depends on the humidity of the soil sir being pro-
portional te the moisture content of the seil, It loses sensitivity in the higher
moisture ranges and is sensitive to temperature changes. Some of the newer
humidity sensing squipment should make this metheod effective for peint samples.

d. Heat Conductivity. This method depends or the property of the soil water system
which makes the time rate of travel of = temperature wave dirsctly proportional to
the moisture contsnt, The chisf limitation is the depth to which a thermal wave
from the sun can reach., This is again a point sample method,

e, lensiometers. These instrumsnts measures the direct tension on the ssil water,
The bit limitation is that freezing destroys the imstrument. It is alsc a point
sample.

Discussion and Conclusions

The soil profils on a watershed iz analogous to a reservoir from s water supply
forecasting standpoint. Water can go inte it and remain in storage, it can go into the
reservoir and out the spillway, or it can qo into storage temporarily to be drainsd aftsr
2 delay time,

In order to meke a streamflow forscast, it is necessary to know tha inflow and the
changes in storage. One of the large compaonents of this storags is the change in the soil
moisture status, The moisture status is a volume concept and yet all of the soil moisture
methods merely give the moisture content at a point., It is nscessary to assume 2 constant
relationship betwsen the actual moisture volume and the moisture at a point or points.

The need for soll moisture measurements in water supply feorscasting le well
established. It remazine for the pesple in research to dsvelop an instrumsnt thet can
megasure the inteagrated moisture in the soil reserveir.
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