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INTRODUCTION

The phenomenon of water being "retained” by a soil against
various external forces is one of the primary functions c¢f
soil which is responsible for sustaining life. The amount of
water retained by scil, or soil moisture retention, is di-
rectly dependent upon the particular soil under studv.

Soil by itself refers to the weathered and fragmented
outer layer of the earth's crust existing in a heterogenous,
polyphasic, particulate, dispersed and porous system. The
three phases of soil are: the soil phase, consisting of seil
particles; the liguid phase, consisting of soil water which
contains dissolved substances; and the gaseous phase, consist-
ing of soil air.

Thus, soil can be seen as an exceedingly complex system.
Its solid matrix consists of particles differing in chemical
and mineralogical composition, as well aé in size, shape, and
orientation. The arrangement or organization of these parti-
cles determines the characteristics of the pore spaces in
which water and air are transmitted or retained.

This retained water or soil water contains energy in dif-
ferent quantities and forms. The two principal forms, kinetic
and potential, are the basis for the methodology of scil water
retention measurement. Since the movement of water is guite
slow, kinetic energy is considered to be negligible. Poten-
tial energy, however, is important in determining the state

and movement of the retained water in soils.



In observing the facts relating to the equilibrium of soil
water, it i1s found that 1f an external body of water is placed
in contact with soil in some way, an exchange will take place
in one direction or the other according to the forces imposed
on the external water. It alsc follows that this external
focrce may be adjusted until the flow ceases. The external
water is then in equilibrium with the soil water, and the
measure of the force on the external water is said to be equal
to the soil water potential. The problem of measuring scil
moisture retention is essentially the problem of maintaining
an external force in contact with the soil water until static
equilibrium is reached,.

The actual determination of the amount of soil water pres-
ent or retained under a given set of circumstances contains
two main problems. The first is that of devising a method
or methods of measuring the external force applied to the
soil water and obtaining the relationship between this and the
actual socil water content. The second is the interpretation
of the resultant curves.

This report is concerned only with the measurement of the
amount of soil moisture retained using a pressure plate appara-
tus. The purpose of the report is to outline a method of
determining scil moisture retention using the equipment as
supplied by the Soilmoisture Egquipment Corporation, Santa

Barbara, California#*.

*Soilmeisture Zguipment Corporation, P.O. Box 30025, Santa
Barhara, Caiifornia 93105



This report can be divided into two main sections: proce-
dures to determine the =20il moisture retention, and a brief
discussion concerning the moisture retention characteristics
of soils.

The first main section gives the procedures for determin-
ing soil moisture retention values for a specific pressure
setting for pressure ranges of 0 to 2 atmospheres and 1 to
15 atmospheres (Scil moisture retention curves may be developed
using a range of specific pressure settings for the particular
pressure range the apparatus will handle).

The second maln section contains a brief discussicn con-
cerning moisture retention. The three areas discussed within
this section are the different categories of soil water, soil
water potentials, and the determination of the soil water

moisture.



MATERIALS AND METHODS

Two methods of determining soil moisture retention are
given in this section: one for pressure ranges of 0 to 2 at-
mospheres and the other for pressure ranges of 1 to 15 atmos-
pheres. These methods were to allow the use of the egquipment
as supplied by the Soilmoisture Equipment Corporation, Santa
Barbara, California. The methods were compiled using several
existing methods adopted to give the best accuracy using the

existing equipment (2, 3, 28, 41, 42, 44).

A, TWO (2) BAR PLATE EXTRACTOR

I. SCOPE

This method covers the determination of moisture retention
properties of soils as determined by the pressure membrane
apparatus using tension between 0 and 2 atmospheres.
II. APPARATUS (See Figure 1)

1. Pressure Source - high pressure compressor.

2. Pressure Manifcld - consists of air filter, pressure
regulator, valves and a 0 - 60 psi test gauge.

3. Pressure Membrane Cells - 2 bar ceramic pressure plate
cells as supplied by Soilmoisture Egquipment Corporation.

4. Spatula - or similar device for removing samples from
pressure cell,.

5. Balance - with the capacity of at least 200 g and

sensitive to 0.01lg.
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6. Moisture Sample Containers - made of material resistant
to corrosion, and not subject to change in weight or disinte-
gration with repeated heating and cooling. Containers must
have close-fitting lids to prevent loss of moisture from sam-
ples before initial weighing and to prevent abscrption of
moisture from the atmosphere between drying and final weigh-
ing. ©One container is needed for each moisture content deter-
mination.

7. Drying Cven - thermostatically controlled, capable
of maintaining a temperature of 105°¢.

8. Desiccator - of suitable size to hold samples for cool-
ing after removal from the drying oven.

ITI. SAMPLES

Take an undisturked core sample at least 3 in (76.2 mm)
in diameter and 3 in (76.2 mm) in height. Core is to be in-
serted undisturbed in a 3 in (76.2 mm) I.D. schedule 20 plastic
pipe or similar material, resistant to corrosion, and not sub-
ject to change in weight or disintegration with repeated
heating and cooling.

IV. PROCEDURE

1. Place sample on base plate of pressure cell. Place
cell wall on base plate. Draw cell wall and base together
using a retaining bar and two bolts.

2. Thoroughly saturate the sample by gradually adding
distilled water to the open cell increasing the depth of water
slowly until the water just covers the top of core. Maintain

this water Zepth for at least 24 hours.



3. Remove excess water from the pressure cell with a
pipet or rubber syringe. Remove retaining bar and replace it
with the cell cover. Tighten bolts snuggly.

4, Connect the outflow tube from the pressure cell to
the tip of a burette with a piece of small diameter tubing.

5. Close all valves. Turn on the air compressor.

6. For extractions 1 to 30 pei, open valve "D" and the
valve for each pressure cell being run. Open the pressure
regulator slowly admitting pressure to the pressure cell and
set at the desired extraction pressure as read cn the test
gauge.

7. Remove the sample any time after the ocutflow burettes
indicate flow has stopped and equilibrium has been attained.

B. Close off (pinch off) or remove the outflow tube as-
semblies. Close the pressure regulator slowly allowing the
pressure in the pressure cells to come into eguilibrium with
the existing atmospheric pressure.

9. Remove the cell top and wall. Remove sample with a
spatula, transferring the sample immediately to sample con-
tainer and weigh on a balance. Record this weight of wet
sample, retaining column and container.

10. Dry the sample, still in the retaining column and con-
tainer, to a constant weight in an oven at 105°C. Desiccate
sample until cool. Weigh and record the weight of the oven-

dried sample, retaining column and container.



11. Remove the sample. Weigh and record the weight of
the retaining column and container.
V. CALCULATIONS

l. Calculate the moisture content of the seil as follows:

w S Ly o * By o IR, o = B0 % 100
W d d
w = (WW/WS) x 100
where
W = moisture content, percent by weight,
WS - = weight of wet sample (from pressure cell},
w
retainer column, and container, g.
W g weight of dry sample (after drying), re-
d
tainer column, and containers, gd.
i = weight of retainer column and containers, g.
Ww = welght of water (Wswcr - Wsdcr)’ O
L = weight of dry sample (after drying),
(WSdcr - Wo.). 9.

B, FIFTEEN (15) BAR CERAMIC PLATE EXTRACTOR

I. SCOPE

This method covers the determination of moisture reten-
tion properties of soils as determined by the pressure mem-
brane apparatus using tensions between 1 and 15 atmospheres.
II. APPARATUS {See Figure 1)

1. Pressure Source - high pressure compressor.

2. Pressure Manifold - consists of air filter, two pres-

sure regulators, valves and a 0 - 300 psi test gauge.



3. Pressure Membrane Chamber - 15 bar ceramic plate ex-
tractor as supplied by the Scilmoisture Equipment Corporation.

4, Ceramic Pressure Plate - as supplied by the Scoilmois-
ture Equipment Corporation.

5. Sample Retainer Rings - flexible rubber rings capable
of holding approximately 25g of disturbed sample.

6. Saturation Trays - waterproof trayslarge enough and
deep enough to hold the circular ceramic pressure plate with
samples while being saturated.

7. Spatula - or similar device for removing samples from
ceramic pressure plate,

8. Balance - with the capacity of at least 200g and the
sensitive to 0.01lg.

9. Moisture Sample Containers - of 60 to 90 ml capacity,
made of material resistant to corrosion, and not subject to
change in weight or disintegration on repeated heating and
coocling. Containers must have close-fitting lids to prevent
loss of moisture from samples before initial weighing and to
prevent absorption of moisture from the atmosphere following
drying and before final weighing. One container is needed
for each moisture content determination.

10. Desiccater - of suitable size to hold samples and
moisture sample containers for cooling after removal from
drying oven.

11. Drying Oven - thermostatically controlled, capable of

maintaining a temperature of 165°¢.
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ITI. SAMPLES

Take a sample weighing approximately 25 g from the thor-
oughly mixed portion of air-dried soil that has been passed
through a No. 10 (2 mm) sieve. Pour the sample into a re-
tainer ring, leveling the surface.

IV. TPROCEDURE

1. Place duplicate samples on the ceramic plate. Record
the sample numbers.

2. Thoroughly saturate the sample by placing the ceramic
plate containing the sample into the saturation tray. Gradu-
ally add distilled water to.the‘saturation tray increasing
the depth of water over a minimum period of four hours until
the water is at the top edge of the sample. Maintain this
water depth for at least 24 hours.

3. Remove the excess water from the saturation tray with
a pipet or rubber syringe.

4. PRemove the céramic pressure plate from the saturation
tray, mount it into the plate extractor and connect the out-
flow tubes. Be sure the triangular support is in the bottom
of the vessel. If more than one pressure plate is used, use
the_plastic spacers to separate the pressure plates. Care-
fully center the chamber top with the O-ring gasket in place
and screw down the clamping belts.

NOTE: Secure the two bolts, one on each side cf the lid
hinge first, then secure the bolts next to bolts just secured.
Go back to ensure the Ifirst bolts are tight, then check the

second bolts. Proceed to the third set of bolts and so forth,
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working towards the front of the extractor until all bolts
are secure. When opening the extractor, this procedure is
reversed.

5. Connect the outflow tube from the extractor to the
tip of a burette with a piece of small diameter tubing.

6. Close all valves. Turn on the air compressor.

7. Set the pressure regulators, admitting pressure to
the extraction chamber:

a. For low extraction pressures in the range of 0 to
125 psi, valve "A" is closed and valve "B" is opened. The
air flow is through the high pressure regulator tc the low
pressure regulator. The low pressure regulator is fully
opened and the high pressure regulator is set so that the test
gauge reads about 5 psi higher than the desired extraction
pressure. The low pressure regulator is closed. Valve "C"
is opened. The low pressure regulator 1is again opened slowly,
admitting pressure to the extractor and set at the desired
extraction pressure as read on the test gauge.
b. For high extraction pressures in the range of

125 psi to 225 psi, valve "A" is open and valve "B" is closed.
The high pressure regulator is closed. Valve "C" is opened.
The high pressure requlator is opened slowly, admitting pres-
sure to the extractor and set at the desired extraction pres-
sure as read on the test gauge.

8. Remove the sample anytime after the cutflow burettes
indicate flow has stopped and equilibrium attained.

9. Close off (pinch off) or remove the outflow tube as-

semblies. Close the pressure regulator slowly, allowing the
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pressure in the extraction chamber to come into equilibrium

with the existing atmospheric pressure. (For low pressure

extractions, close the low pressure regulator. For high pres-

sure extractions, close the high pressure regulator.)

10. Remove the ceramic pressure plate. Using a spatula,
transfer the samples immediately to sample containers and
weigh on a balance. Record this weight of wet sample, re-~
tainer ring, and contéiner.

11. Dry the sample still in the retaining ring and con-
tainer to constant weight in an oven at 105°C. Desiccate
sample until cocl. Weigh and record the weight of the oven-
dried sample, retainer ring, and container.

12, Weigh and record the weight of the container and re-
tainer ring.

V. CALCULATIONS

1. Calculate the moisture content of the soil as follows:

w = [(Ws cr Ws cr]/(ws cr Wcr)J x 100
W d d
w = (WW/WS} x 100
where:
W = moisture content, percent by weight,
Ws g weight of wet sample (from extractor),
w

containers, and retainer ring, g.
W = weight of dry sample (after drying), con-

tainer and retainer ring, g.



"

weight of container and retainer ring, 4.

weight of water (Wswcr - Wsdcr)’ =

weight of dry sample (after drying),

(Wsdcr - Wopls 9
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DISCUSSICHN

The Materials and Methods section described two methods
for determining soil moisture retention. One is for the pres-
sure range of 1 to 2 atmospheres and the other for the pres-
gsure range of 1 to 15 atmospheres. The principle (41) behind
the methods is that as the pressure is raised above atmospheric,
forcing excess water from the soil through the microscopic
pores in the ceramic pressure plate. This high pressure air
will not flow through the pressure plate pore since they are
filled with water and the surface tension of the gas-liguid
interface at each of the pores will support the pressure. At
any given air pressure in the pressure cell or extractor, soil
moisture will flow around each of the soll particles and out
through the ceramic plate until the effective curvature of
the water films throuchout the soil are the same as at the
pores in the ceramic plate. At this time, an equilibrium is
reached and the flow of moisture ceases.

There is a problem with these methods of determination.

To show this, a brief discussion of the moisture retention
properties is given followed by experimental results as deter-

mined by several researchers.

A. CATEGORIES OF SOIL WATER

The liquid phase of so0il -- soil water, or more precisely

soil solution =-- maintains a state of complex physical inter-

relationships with the solid and gaseous phases of the soil.
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The degree of availability of soil water and the form of its
movement in the soil are determined by these interrelation-
ships., Water existing in soil in one of the three phases,
solid, ligquid, and gaseous, may be classified into the fol-
lowing categories {45) according to its relationship with
soil: structural water, vapor-form water, absorbed water

and free water. This classification has no regard to the
three phases of water, but is concerned with the relationship
of water retained by the soil.

1. Structural water may be looked at as water that is
chemically combined in the crystalline structure of the soil,
which can be removed only by breaking the structure.

2, Vapor-form water (water vapor) is water that moves
by diffusion in the soil pores not filled with liquid water
and is under the influence of air movement.

3. Absorbed water is water that is chiefly under the
influence of differential forces of attraction or repulsion
occurring among melecules of different phases of contact at
their contact surfaces.

4, Free (liquid) water is water that moves and is re-
tained in the soil chiefly under the influence of gravitational
and matrix (capillary) forces, depending upon the guantity of
water in the soil pores.

To more accurately evaluate the methods given in Materials
and Methods, it is necessary to lock at these categories of
soil water in greater detail. Structural water, however, will

be deleted because it 1s chemically combined in the crvstalline
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structure of the soil itself ané is regarcded as an integral
part of the soil particle.

Water in the vapor state is present in all soil pores that
are free of liquid water. It forms readily through the evagora-
tion of all other forms of soilil water (except structural) and
moves by diffusion from high water vapor pressure to lower
vapor pressure (45).

Absorked water (15) results from the differential forces
of attraction or repulsion occurring among molecules of dif-
ferent phases at their contact surfaces. As a result of these
cohesive and adhesive forces, the contact zone may exhibit a
concentration or a material density different from that in-
side the phases themselves. According to the different phases
which may come into contact, various types of absorption can
occur, such as the absorption of gases upon solids, of gases
upon liguid surfaces, and of ligquids upon solids.

The interfacial forces of attracticon of repulsion may
themselves be of different types (15, 45), including electro-
static or ionic (Coulecmb) forces, intermolecular forces known
as van der Waals' and London forces, and short range repul-
sive (Born) forces. The absorption of water onto solid sur-
faces is generally of an electrostatic nature.

The amount of moisture which a soil can absorb from the
air depends first on the relative humidity of the air and
second on the properties of ithe soil sample (3C). Initially,
as the relative humidity increases from zerc to approximately

10 percent, the amount of moisture absorbed by the soil
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increases rapidly. From 10 percent to 80 percent, the amount
of moisture absorbed by the scil increases relatively slowly.
Finally, when the relative humidity increases from 80 percent
approaching 100 percent, the amount of moisture absorbed by
the soil begins to increase rapidly. This is shown in Figure
2,

The properties of a s0il also affect the amount of mois-
ture which a soil can absorb from the air. The most funda-
mental influencing property is the scil's mechanical composi-
tion, smaller the soil's particle sizes are, higher the hy-
groscopicity. (Eygroscopicity is defined as readily absorb-
ing moisture, as from the atmosphere.) This influence of the
size of soil particles upon the absorption of moisture in the
vapor phase at different relative humidities is shown in
Figure 3. The curves show that at ihz same relative humidity
the finer gradations absorb more moisture than courser grada-
tions.

Hygroscopicity of a soil is mainly dependent upon the
soil's clay content (12, 15, 19, 23, 32). This is due to the
small particle size and its charge. Also, as the humus con-
tent increases (43) and the presence of certain salts (30,
43), especially calcium chloride and magnesium chloride, con-
siderably increase the hygroscopicity of a soil.

When a completely dry soil comes into contact with moist
air, the free force fields associated with the surface layer
of the soll particles come into action. The dipolar water

molecules are attracted by the free bonds, thus becoming



