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Farm reservoirsoffer the only meansof water supply in manyareas wheregroundwater iseither unsuitableor unavailable.In
some areas there is excessive seepagefrom these reservoirs. This study was designed to test various methods of reducingthis
seepage. The use of Na2C03 for seepage control was tested in the laboratory and field and was found to produce rapid and
acceptable control.Thegleization method ofcontroladvanced byRussianworkerswasfound to bepromising. Thetextureof the
overburden covering the straw did not affect the gleizationprocess.Wheat, barleyand oat straw, and manure are materials that
can be used to promote gleization. Oat straw was not quite as effective as the other two cereal materials.The use of partially
decayed manure reduced the seepage rate more rapidly than straw but eventually both were equally effective.The laboratory
study demonstrated that Na2C03 and bentonite providedthe most rapid reduction in hydraulicconductivityfollowedby manure
and straw, respectively. Combining the gleization method with Na2C03 or bentonite resulted in an immediate seal upon
treatment; furthermore neither Na2C03nor bentonite impededthe microbiologicalgleization process.Limitedfieldobservations
indicated that both the Na2C03 and gleizationmethods can beusedfor seepagecontrol withsuccess. Problems that arise withthe
Na2C03 method indicate that treatment procedures must be strictly adhered to. Pockets of sand or sand lenses are special
problems that must be dealt with carefully.

INTRODUCTION

Farm reservoirs offer the only means of
water supply in many areas where
groundwater is either unsuitable or unavail
able. In some instances, particularly in areas
where the soil tends to be calcareous, there is
excessive seepage from these earthen
impoundments. Many methods of seepage
control have been suggested. They include
the use of lining materials such as concrete,
polymer films and butyl rubber. Apart from
certain problems associated with each of the
seepage control materials, they are generally
considered to be too expensive. Other
methods that may be advantageous
economically, but are not as well publicized,
include the use of chemical reagents and
organic matter liners.

The chemical characteristics of the soil
often influence its permeability. High con
centrations of calcium cause clay particles to
aggregate and to form a porous water-stable
structure with high permeability. This
undesirable property can be rectified by
replacing the calcium with low concentra
tions of sodium. Sodium ions will disperse
aggregates and thereby reduce the soil
permeability.

Reginato et al. (1968) described a method
of using Na2C03 to reduce seepage loss and
gave the following equation for determining
the amount of chemical required based on
the cation exchange capacity (CEC) of the
soil:

Na2C03 = 0.0428 DA (0.15 CEC — ES)

where Na2C03 = grams of sodium
carbonate; D = depth of soil treated (cm);
A = area to be treated (m2); CEC = cation
exchange capacity (meq/100 g); ES =
exchangeable sodium (meq/100 g).

This equation facilitates calculation of
the quantity of Na2C03 required to raise the
exchangeable sodium percentage from its
original value to 15 (designated by the factor
of 0.15) assuming complete replacement by
sodium. Graveland and Olynyk (1973)
found in a laboratory study that increasing

the application rate of sodium decreased the
hydraulic conductivity. The exchangeable
sodium percentage was 15%. This level was
achieved by using a coefficient of 0.25 in the
application rate equation which will be
referred to as Reginato's modified equation.
The shortcoming of the NA2C03 method is
that seepage may start to increase 2-3 yr after
treatment as the calcium and magnesium
eventually replace the sodium applied in the
treatment (Reginato et al. 1968). As a result,
reservoir maintenance may be required by
which Na2C03 may be added to the ponded
water or incorporated with the soil.

As with Na2C03, Bowman (1967) has
shown that bentonite, when added to the
soil, provides an effective seal in permeable
soils. Bentonite, a clay containing mont
morillonite as the essential mineral, is
characterized by the ability to swell in water.
It has been shown to reduce permeability
effectively when applied at rates of 4.5
kg/m2 and 1.5 kg/m2 to extremely coarse
(gravel) and normal soils, respectively.
Apart from the relatively high cost,
bentonite is somewhat difficult to keep in
place under field conditions.

A new method which appears to have
distinct possibilities is based on a gleization
process. It involves the use oforganic matter
liners. Russian workers (Mirtskhulava et al.
1972) report that under anaerobic
conditions, the metabolic activities of
certain anaerobes effect a chemical

reduction process in soil which results in
increased dispersity and plasticity, and a
decrease in soil permeability to water. In
their report of this USSR patented process,
Mirtskhulava et al. (1972) did not provide
the necessary details, such as suitability of
materials, rates of application, and
associated experimental results.

The objective of this study was to
determine how various additives might be
used to control seepage from farm
reservoirs. The study was carried out
primarily under controlled conditions in the
laboratory. An assessment of some of the
methods studied was provided by observing
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Figure 1. Schematic of apparatus for seepage
studies.

the results obtained by farmers who used the
recommendations.

MATERIALS AND METHODS

Laboratory Studies
The soils used for test purposes consisted

of subsoils of two associations of the

Chernozemic Brown Great Group, viz.,
Wood Mountain loam and Hatton fine

sandy loam series (Mitchell et al. 1944)
which are known to seep. The clay fraction
of these soils generally contained 45% illite
and the remainder montmorillonite (Warder
1950). Kaolinite was absent or at most a very
minor constituent.

Soils were air-dried and passed through a
2-mm sieve. A Wood Mountain loam
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topsoil was used as overburden in an
experiment where straw was covered with
topsoil. Wood Mountain subsoil, uniformly
mixed with various amounts of sieved sand,
was used to simulate various textures of soils

for another test.

Duplicate hydraulic conductivity tests
were conducted using 3.2-cm diam, 30-cm
long plastic cylinders. The bottoms of the
cylinders were equipped with a fine metallic
screen that was covered with a 2-cm layer
of fine sand (Fig. 1). For all tests except
one, columns of soil were packed uniformly
to a depth of 15 cm and density of 1.3 g/cm3
with a mechanical packer (Jackson et al.
1962). For the test to evaluate sodium
carbonate, soil was packed by the use of a
packing block. The cylinder containing the
soil was dropped 20 times through a distance
of 2.5 cm onto the packing block. The
resultant bulk density was 1.25 g/cm3. For
the gleization tests, 5 kg/m2 ofground straw
was added to create an organic layer during
the mechanical packing operation as
illustrated in Fig. 1.

The hydraulic conductivity as defined by
Darcy's Law was determined by applying a
constant head (15 cm of water) to the soil
column and measuring the rate of outflow.
The hydraulic conductivity that was
considered to be an acceptable measure of a
good seal was 0.05 cm/h.

Field Studies

Several farm dugouts and ponds which
were treated with Na2C03 and organic
matter liners were monitored for several

years. This consisted of observing the rate of
drop of water levels for various treatment
conditions and correcting for evaporation
and precipitation.

Prior to treatment with Na2C03, soils
were sampled and analyzed for texture,
cation exchange capacity and exchangeable
sodium. The rate of Na2C03 application was
determined using the modified Reginato
equation. The Na2C03 was broadcast over
the prescribed area and subsequently
incorporated. Methods of incorporation
included the use of hand-operated and
tractor-driven rototillers as well as disc- and

cultivator-type implements. Some of the
treated soils were then compacted using a
rubber-tired tractor.

The method of lining reservoirs with
straw consisted of applying the straw using a
forage harvester and subsequently covering
the straw with a 10-cm layer of topsoil using
a backhoe. Other reservoirs were lined with

decayed organic matter by using a tractor-
pulled, earth-moving bucket. Use of this
machine resulted in a layer of decayed
organic matter at least 5 cm thick on top of
which a 10-cm layer of soil was deposited.

RESULTS AND DISCUSSION

Laboratory Studies
The precision of the seepage measure

ments was evaluated by comparing
hydraulic conductivities for duplicate test
runs. This showed that the use of the soil
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Figure 2. Hydraulic conductivities for various rates of application of sodium carbonate using Wood
Mountain soil.
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Figure 3. Effect of topsoil on the gleization method of seepage control.
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Figure 4. Comparison of decayed organic matter versus straw as an organic liner for seepage control using Hatton soil.

packer developed by Jackson et al. (1962)
resulted in reproducible results.

In the interest of reducing cost, an
experiment was set up to determine whether
the amount of Na2C03 incorporated in the
soil can be reduced without reducing the
effectiveness of the seal. It was found that
using the amount of Na2C03 recommended
by Reginato's modified equation resulted in
a complete and immediate seal (Fig. 2).
Reduction in the Na2C03 application rate
increased the seepage rate.

The first of a series of experiments on the
use of straw as a lining material for the
gleization method was designed to
determine whether subsoil would be as

efficient as topsoil in promoting the
gleization process. It was suspected that
there could be some differences between the

two sources because the microbial

population would be greater in the topsoil
(Cook 1967). On the other hand, there might
be a greater proportion of anaerobes and
facultative anaerobes in the subsoil (Cook
1967). It is easier for the farmer and the
rancher to obtain topsoil to cover the straw
layer than subsoil.

The results indicated that the use of
topsoil neither enhanced nor impeded the
gleization process when compared to straw

covered with subsoil (Fig. 3). At 7.5 wk, the
hydraulic conductivity for each test
condition was similar even though initially
the straw layer covered with topsoil tended
to cause a higher conductivity rate than the
treatment in which straw was covered with

subsoil. This difference was perhaps due to
the fact that the surface soil is usually more
friable because of the intimate intermixing
of clay and organic matter in this layer, while
the higher percentage of expanding-type
clay in subsoil would tend to promote
sealing more rapidly.

The second gleization experiment was
designed to determine whether decayed
organic material (manure-), which is often
more readily available to the farmer, can be
substituted for straw as a lining material.
Ranchers often find themselves with excess

manure for disposal but not excess straw.
Results (Fig. 4) indicated that manure was
more effective than straw in reducing the
seepage rate during the first 10 wk of the
experiment and was equally effective
thereafter. The gleization process is
enhanced by low oxygen and also high
soluble carbon concentrations (Russell
1973). Both straw and manure are high in
carbon, but the latter, being partially
decayed, would likely be higher in soluble
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carbon; thus its effect would be expected to
be more rapidly discerned. However, in time
the straw would decay and both materials
should have a similar effect.

The third gleization experiment was
designed to evaluate various types of straw
that might readily be available to the
rancher. This test was carried out on the

Hatton fine sand. Wheat and barley straw
were equally effective as lining material (Fig.
5). The seepage rate was reduced to 0.1 cm/ h
after 12 wk; this was not considered to be*
quite low enough to be effective for field
application. However, we suspect that the
test should have been extended to at least

100 wk as evidenced in the previous test. At
100 wk, wheat straw as a liner was well
within the acceptable level of0.05 cm/h for a
similar type of soil.

The fourth gleization experiment was
designed to evaluate the lower limits of clay
(or higher limits of sand) in which the
process of gleization can be employed. It was
found that the process occurred in prepared
soils containing a clay content as low as 10%
(Fig. 6); silt content was 20% and sand
content 70%. The rate of gleization was
generally uniform for all soil textures. Since
the hydraulic conductivity was reduced as
the clay content increased, it was postulated
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Figure 5. Comparison of wheat, oats and barley straw as organic liners for seepage control on Hatton soil.

that the amount of clay was correlated to the
amount of Fe+++-sesquoxides which were
reduced to Fe++-sesquoxides as gleization
occurred. In addition, the higher the clay
content, the lower will be the oxygen
diffusion rate and the better the conditions

for the proliferation of anaerobic
microorganisms.

In order to obtain an immediate as well as

lasting seal, an experiment was carried out
to determine whether the gleization method
could be combined with the Na2C03 or
bentonite methods to provide seepage
control. The gleization method of seepage
control was a time-dependent process while
Na2C03 or bentonite methods respond
instantaneously. It was hoped that Na2C03
or bentonite would control seepage to an
acceptable level until the process of
gleization could develop within the soil. At
the same time, we were somewhat
apprehensive that the Na2C03 might
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increase thepH of the soil and that this might
deleteriously affect the microbially mediated
gleization process.

It was found that Na2Co3 incorporated
with the soil which covered the straw layer,
or the use of bentonite over soil on top of
straw were equally effective (results not
shown). Both combinations resulted in an
excellent seal soon after application.
Incorporation of Na2C03 or the use of
bentonite did not prevent the occurrence of
the microbially induced process of gleiza
tion as was evidenced by gradual color
change to blue-gray below the layer of
organic matter.

Field Observations

Field trials of the Na,CO, method of
seepage control have been conducted by a
number of farmers in Southwestern

Saskatchewan. Seepage was reduced in all
cases but satisfactory control was achieved

on only three of the six reservoirs treated
(Table I).

Several difficulties have been encoun

tered in the field treatments. The first was
due to control of application rate. It is
essential that Na2C03 be uniformly applied
over the entire area to be treated and at the

prescribed rate. Mechanical incorporation
tended to move the Na2C03 downslope and
leave areas partially untreated. Insufficient
Na2C03 was found to be responsible when
suspect treated areas were sampled. As
shown in Fig. 3, insufficient Na2C03 will not
provide adequate seepage control.
Furthermore, if some seepage does occur in
a partially treated soil, the Ca++ and Mg++
will replace the Na+ in the soil and reverse
the reduction in seepage initiated by the
addition of Na2C03. On the other hand, too
high a concentration of Na ions may behave
like Ca++ by reducing the hydrodynamic
radius and increasing seepage. The other
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TABLE I. FIELD OBSERVATIONS OF RESERVOIRS TREATED FOR SEEPAGE CONTROL

Subsoil

Location

Treatment

year

1973

Clay

Soil texture

Sand Silt

- Treatment

method

Gull Lake 27 29 44 Na2C03

Swift Current 1972 30 33 37 Na2C03

Ponteix 1971 28 29 33 Na2C03

Scottsbury 1972 42 24 34 |Na2C03
Battrum 1972 Na2C03

Pambrun 1971 33 24 43 Na2C03

Swift Current 1975 47 28 25 Decayed
organic
liner

White Bear 1974 17.5 16.5 66 Straw

liner

tObservations to date.
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o
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x 14 27 59

o 18 33 49

A 21 40 39

TIME ( weeks)

Figure 6. Effect of soil textures on the gleization method of seepage control.

Remarks!

Reduced seepage to near acceptable levels;
insufficient chemical was applied.

Reduced seepage but far from satisfactory; sand lens
was a problem. Good seepage control below sand lens
layer.

Good seepage control.

Excellent seepage control.

Reduced seepage; losses still occur through rock
area treated with bentonite.

Reduced seepage; sand lens a problem.

Using decayed straw, held water first year after
treatment.

Reduced seepage to acceptable level after 2 yr.

difficulty encountered in the field was a
result of insufficient soil overlying porous
rock or gravel bed and the low clay content
of the treated soil. Reginato et al. (1968)
clearly demonstrated that the depth of soil
overlying any pervious layer should be at
least 30 cm. Also, the clay content of the soil
should be at least 15% or greater.

Consequently, the treated area should be
properly inspected and sampled to ensure
that all criteria are met.

Only two reservoirs were treated with
organic liners — one with wheat straw and
the other with partially decayed straw and
barnyard manure. Seepage control
supported our laboratory results. Use of

decayed material resulted in an almost
immediate and satisfactory reduction in
seepage. The use of straw required a longer
period of time to allow for gleization to
occur. After 2 yr, the seepage rate in both
reservoirs had been reduced to an acceptable
level. Field inspection indicated that a blue-
gray layer had developed beneath the
organic layer to a depth of 15-30 cm.
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