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Abstract
M.Sc. Rob Mackie Agr%cultural
Engineering

Interceptor tile drains were installed along
streambanks on four experimental sites throughout the
Ottawa =~ St-Lawrence Lowlands in the fall of 1983. They
were subsequently analyzed for their effectiveness to
control streambank erosion. Various sced mixtures were
applied to the streambank and evaluated for their
performance against soil erosion. The mixture containing
both a legume and a grass appeared to provide the best
protection against streambank erosion.

The watertable was monitored during the spring runoff,
when streambanks are at the weakest state against erosion,
for both tiled and untiled streambank sections.

It was calculated that basic force stability of the
streambank increased by as much as 33% in tiled streambanks.

It was also discovered that seepage forces in certain
localized areas along the streambank could be reduced by up

to 60% during periods of high watertable.
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Résumeé

L'installation de drains souterrains paralléles aux
cours d'eau a quatres differents trongons experimentaux
s'est effectuée en automne 1983. Ceux-ci furent analysés

pour leur efficacité par rapport a la dégradation des cours

d'eau.

Des divers mélanges de semences ont été appliqués au
talus, puis une évaluation de leur performance contre
l'érosion des sols a été entreprise. L'étude de

l'ensemencement avec un rélange de plantes légumes et herbes
apparaissait comme le meilleur contrdle d'érosion.

L'elévation de la nappe d'eau a été surveillée pendant
les crues printaniéres, au moment gque les talus sont
particuliérement sensible a 1l'érosion, dans les sections de
cours d'eau avec ou sans drains intercepteurs.

I1 a été calculée que le facteur de stabilité peut
accroitre jusqu'a 33% aprés 1l'installation d'un drain
intercepteur. I1 a également été constaté que la force de

la fuite déperdition dans certain endroits sensibles peut

étre diminuée jusqu'a 60%.
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CHAPTER 1

INTRODUCTION

1.1 Nature and Scope of Problemn

Current techniques in the design, construction and
maintenance of open channel drains in the Ottawa -~ St-
Lawrence Lowlands appear to be inadequate. Many recently
constructed watercourses have been found to require
extensive maintenance due to severe channel bank failure and
subsequent erosion and sedimentation.

The designer of open channel drains should have more
detailed information of the soils, in order to achieve the
most cost effective and environmentally acceptable design,
both in the short and the long term.

This research will first consider the methodology for
field socil investigations in the more unstable soils and
secondly, analyze remedial measures in the control of

streambank erosion in the problem soil.



1.2 Demonstration Sites

Several demonstration sites were selected through
contact with local consultants, government officials and
from past experience witl: unstable soils. These
demonstration sites are 1loccated in the eastern Ontario
region, as shown in Figure 1, and have exhibited some form
of streambank instability at some stage of their lifetime.

Visual identification and classification of the soil
was carried on at all demonstrations sites. On selected
locations, notably experimental sites, further monitoring
and soil testing techniques were performed to aid in
identifying unstapnle soils.

Generally, the experimental sites involved the
installation ¢ water table tubes to monitor the position of
the water table during the spring freshet, detailed soil
analyses to determine so0il composition, hydraulic
conductivities for soil permeability and soil strength
measurement to determine the soil's weakest state.

Remedial measures were evaluated based upon their
contributicn against streambank failure and form part of the
analysis within the experimental and observational sites.
Interceptor tile drains parallel to ditch banks were
installed along the ditch banks of the experimental sites to

reduce seepage forces and weight of water in the streambank.




The observational sites provided further insight into
some of the causes and actions of some of the pervasive
erosion and sedimentation. Seeding of various vegetal
mixtures was the only remedial measure applied to the

observational site.



WATERCOURSE

North Morrow

Hammond

L.ower York

Vars

Cumming

Labreche

Millette

TABLE 1

DEMONSTRATION SITES

MAP LOCATION

WITH REFERENCE

TO FIGURE 1

EXPERIMENTAL SITES

1

2

OBSERVATIONAL SITES

5

PREDOMINANT
SOIL TYPE

Varved clay

Fine sand
over clay

Silty loam

Fine sand

Clay with
sandy pbases

Fine sand

Fine sand
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1.3 Objectives

The objectives of this study were to :

i) Jetermine the nature of the problem soil
ii) determine the causes of streambank failure
iii) observe the process of streambank erosion

iv) evaluate the effectiveness of applying remedial
measures to the streambank vis-a-vis their
contribution to streambank stability




CHEPTER II

REVIEW OF LITERATURE

2. STREAMBANK STABILITY

2.1 Pedology of Study Area

The predominant soils of the region in question are
highly variable over relatively short distances. They range
from a thin layer (about 1m) of stony glacial till over
limestone and shale bedrock, to deep clays deposited in the
marine environment of the Champlain inland sea during the
retreat of glaciation. From the western part of the region
eastward, materials ranging from coarse gravel to clay were
deposited in fresh water over the marine clay during the
retreat of the Champlain Sea. Many of the near-surface clay
deposits are varved. This common occurrence in glacio-
lacustrine deposits results in the laminae of alternating
fine and coarse materials, each pair representing deposits
of a single year. The double band is commonly only a couple
of centimetres thick, but some pairs are several times this

thickness.
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Although surface relief is significant throughout the
western part of the region, gradients in the rest of the
plain are very low with water tables near the surface. It
is in these areas of low gredients and high watertables that
open channel outlet drains suffer most from severe erosion,
rotational slumping and sedimentation, most of which occur
in the period during and immediately following the annual
spring snowmelt and runoff. A number of extensive outlet
drainage channels have required reconstruction within three
years of initial construction as a result of this erosion
and sedimentation.

The glacial and recent genlogical history of the
St-Lawrence Lowlands is quite well known. Three soils or
terrain situations exist in which most open channel drainage
is constructed. These are:

1) Till giound moraine deposits

2) <Champlain Sea marine clay plains

3) Sand deposits oS both alluvial and marine origin

1) Glaciai Till: Glacial till is found in many areas
of the St-Law:ence Lowlands, where it is usually
exposed in upland areas, and it is sandy, permeable
and easily eroded. In topographically lower areas,
it is grey, cohesive, clayey soil and is usually

covered by a clay or sand blanket.




2)

3)

Champlain Sea Clay: This 1is perhaps the most
widespread soil type in the region and is fouud in
lowland planar deposits. Two phases, a marine and
an estuarine phase exist, which are geotechnically

similar.

Sand: Both alluvial and marine sand occur in many
places in the study area, often overlying clay till
deposits. The sand varies greatly 1in
stratification, type, grain size distribution and

thickness.



2.2 Determination of Soil Particle Characterization

2.2.1 Grain-size Analysis

The size, character, and distribution of soil particles
have a considerable influence on the permeability of a soil.
The grain-size distribution test has been developed to
determine the particle size gradation of a given soil, as
well as the mass percent of the grains within a given size
range of soil. These particle sizes are plotted on a
logarithmic scale, revealing points which will show the
total mass percent of the particles smaller than given
particle diameters.

For the purpose of experimentation, the grain size
distribution test, as outlined by Lambe (1951), was
followed. Briefly, it involved sieving with a square mesh
through which particles with a diameter greater than O.1lmm
can fall. For particles less than 0.1lmm, the grain size is
determined by the use of a hydrometer which operates on the
basis of the settling rate of the particles in a liquid.
The relation between the diameter and the speed of settling
of a sphere 1is expressed by Stokes' Law. Any further
information concerning its application may be obtained in

any standard soil physics textbook.

10




2.2.2 Atterberg Limits

The Atterberg Limits are generally referred to as the
limits of consistency of fine grained soils on the basis of
moisture content. These limits are the 1liquid limit, the
plastic limit and the shrinkage limit.

The plasticity index, PI, is the difference between the
liquid limit and the plastic limit of a soil. The plastic
limit is defined as the moisture content of a soil which
transforms it from a plastic to a semisolid state, and the
liguid 1limit is the moisture content at which the soil
changes from a liquid state to a plastic state.

The experimental procedure for the Atterberg limits was

conducted according to Lambe (1951).

2.2.3 Hand Texture Test

As described above, the Grain Analysis is a reasonably
accurate method for determining soil texture. However, as
it requires extensive laboratory time and equipment, it is
not a very practical, rapid field solution.

The hand test is a field method specifically designed
to provide a quick on-site determination of soil texture.
In addition, soil texture may be quite localized, therefore
a visual check at random locations would be more desirable

because many more samples can be characterized in a given

1



time.

The analysis as outlined by the Ministry of Ontario,
Transportation and Communication (1977) was followed, which
involves selecting a small sample of scil and placing it in
the palm of the hand. The sample is continually wetted
until a ball 1-2cm in diameter is formed. Once a moist
sphere has been reached and maintained throughout the test,

the soil may be classified according to three basic textures

1) Sandy loam, loamy sand
2) Silt loam, loam

3) Silty clay loam, clay loam.

12




2.3 Causes of Streambank Failure

Before discussing the types of streambank failures which
exist, the causes must be first identified. In general,
most failures are caused by groundwater and seepage within
the soil itself. These failures can be classified into one

of two categories, as outlined by Cedergen (1967):

1. Failures which take place when soil particles
migrate to an escape exit and cause piping or

erosional failures;

2. Failures which are caused by uncontrolled scepage
patterns that 1lead to saturation, internal
flooding, excessive so0il uplift, or excessive

seepage forces.

In both cases, the causes of instability result in a
decrease in soil strength or an increase in soil shear
stress. Below is a modified table developed by Sowers and
Sowers (1970) which 1lists the major contributions to
increased stresses versus decreased strength in a

streambank.

13
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TABLE 2

Causes of Increased Stress

Causes of Decreased Strength

5.

6.

.External loads such as

water or snow.

.Increased unit weight by

increased water content.

.Removal of part of mass by

excavation.

.Undermining caused by

seepage erosions.
Tension cracks.

Water pressure in cracks.

1.Swelling of clays by
absorption of water.

2.Pore water pressure
(neutral stress).

3.Hairline cracking developed
from alternate swelling

and shrinking or from

tension

4.Strains, and progressive
failure in sensitive soils.

5.Thawing of frozen soil or
frost lenses.

6.Deterioration of
cementing material.

7.Loss of capillary tension

on drying.

.




2.4 Types of Streambank Failure

Gravity is the major force in producing failare while
the shearing strength of the soil is the major force in
resisting failure. There are three major forms of slope
failure in cohesive soils, as described by Sowers & Sowers
(1970) and illustrated in Figure 2. A base failure occurs
in cohesive soils such as the soft clays with numerous soft
seams. They are initiated by the formation of tension
cracks at the top of the slope, and subsequently followed by
a shear failure along a slip line, resulting in a slumping
of soil mass at the foot of the slope. A toe failure is
more common in a steeper cut with a higher degree of
internal angle of friction. A special case which scems to
represent most of the eastern Ontario failures is the slope
or face failure. This form of failure exists when a hard

strata limits the extent of the failure surface.

tension cracks

face failure

777 77 777

toe failure

24 ) 77 € base fa‘ilure

FIGURE 2

15
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Lohnes & Handy (1968) investigated the relationship
between the height, slope angle and strength properties of
streambanks in loess material. Two main mechanisms of
failure were identified: shear or face failure, and base or
slab failure. The Culmann method was applied for a strength
analyses to predict the maximum bank height for a
non-vertical bank slope. Even with modifications of this
method with the tension crack, Lohnes & Handy (1968) made
clear their approach can only be approximate because the
basic assumptions on which it is based are not quite
satisfied in a real streambank. The Culmann method does not
consider pore pressure and calculates only a total stress
factor. For this reason, its application is limited to the
sandy or highly permeable soils with a low degree of
saturation. Further, soils are elasto-plastic, exhibiting
strain prior to failure along a slip line progressively, as
opposed to simultaneously at all points for a rigid-plastic
material as suggested by the Culmann method.

Streambanks are loaded by three means as described by
Bradford & Piest (1977); the weight of soil mass, the weight
of water added to the so0il mass, either by surface
infiltration or rise in water table, and by seepage pressure
in the so0il mass. As the water content increases beyond
some optimum moisture content, representative of that soil
type, the shearing resistance of the soil decreases. The

in-situ shearing strength is also influenced by freezing and




thawing, or wetting and drying cycles.

Vertical tension cracks at the surface of the slope as
shown in Figure 2, possibly occurring along natural cleavage
planes, reduce the overall slope stability by decreasing the
cohesion which can be mobilized along the upper part of the
potential failure surface. Water infiltration from the soil
surface into the surface crack also increases the pore water
pressures acting on the failure surface.

In their analysis, Bradford & Piest (1977) further
established a field network of tensiometers and piczometers
in relation to a wvertical wall and trench. The objective
was to study the control of a water table within the soil
mass and to observe failure as a function of pore pressure.
Observations included a pop-out effect near the toe of the
slope, leaving an overhang which eventually slumped into the
trench. The application of Bishop's Method of Slices,
(Fellenius, 1939) for a <circular arc toe failure was
inconclusive in calculating a factor of safety since the
"pop-out" effect 1is best attributed to a high lateral
seepage force due to an underlying impermeable layer.

A subsequent report by Bradford & Piest (1980)
discussed further their observations of gully wall
stability. The major failure modes are the deep scated
circular arc toe failures which were found at the relatively
low angle banks some distance downstream of a headcut. Slab

failures were observed downstream from a headcut on steep

17
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banks. "pop-out" failures were generated by steep banks
with a high degree of saturation and subsequent washing out
of soil at the toe of the slope.

There is evidence that ice formation at river banks and
the break-up away of ice in the spring is a cause of bank
erosion on medium and large rivers. For streams with
drainage areas less than 2000 ha, ice generally is not the

major cause of bank erosion. However, the ice effect is

beyond the scope of this study.




2.5 Stability Analysis

In analyzing stability in cohesive soils, Bishop's
Method of Slices is used to calculate a factor of safety.
If a soil is to fail, then the sum of all the forces tending
to produce failure, that is the weight of soil and weight of
water, are greater than the sum total of the resisting
forces, that is the shearing strength of the soil. The
ratio of this resisting moment to the driving moment results
in a safety factor. If the driving force is greater than the
resisting force, then the ratio, or safety factor, would
fall below unity, and the streambank would be expected to
fail.

As described in Section 2.5.2 below, the Method of
Slices takes into consideration the water pressure acting on
each slice. However, for the purpose of calculating
streambank stability in open channels, under certain
circumstances generally referred to as worst case
conditions, the Method of Slices may be reduced to a much
more simplified calculation, known as the Circle Moment
Method.

Instability results only when shear failure has
occurred at enough points to define a surface along which
the shear slip can take place. Specifically, the Circle

Moment Method has its normal force and water pressure vector

18



perpendicular to the slip line and parallel to the radial
vector. This results in the elimination of the resisting
moment forces of water pressure and friction along the slip
line. However, when approaching saturated conditions, that
is for worst case conditions, the soil begins to swell.
Thus a shearing strength can be represented almost as
closely by a constant value as it can by some form of
Coulomb's law with strength varying linearly with normal
intergranular soil pressure. This produces a negligible
internal angle of friction, or £=0°, and the frictional term

of the Circle Moment Method becomes negligible.

20




2.5.1 Coulomb's Empirical Law

Given a strength envelope of allowable shear and normal
stress for a given s0il under certain conditions, Coulomb's
law may be applied. As shown in Fiqure 3 below, the
abscissa of this graph represents the effective normal
pressure which is the intergranular pressure on the failure
plane. For granular soils, the effective pressure is
calculated as the total pressure minus pore water stress.

The ordinate plot is a measure of the shear strength.

strength \\ T~ Coulomb
u) envelopes emperical
. 2
g a fitting
&
60 /
c
@
=
4J
w
8 C
g Ce
-}3 1 .

effective pressure, Oy

FIGURE 3

The straight line which can be produced from the given
envelope may be represented by an empirical equation in the

form

S=Cg+0ptand, ——-@
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in which Ce and @ are the effectives cohesion and the
effective friction angle respectively. It should be noted
that the effective pressure is greatly dependent on the
conditions and thus Ce and ge are not constant properties
for a soil. They may vary gquite substantially with such
factors as soil density and water content.

The diagram in the following section shows the

application of the soil strength theory to the stability of

a plane slope.

2.5.2 Modified Bishop's Method of Slices

FIGURE 4a

A slip circle centered at 0 is assumed and the moving
soil bank sectioned into slices 1, 2, 3, etc. The

equilibrium of each slice of area A is examined as follows:




weight of slice W = YtA (If the total density Y¢ is not
homogeneous, ie; sample slice is both
unsaturated and saturated, then
calculate areas using 1600kg/m3 and
2000kg/m3 respectively)

-Driving moment clockwise about point 0

Mg= R Wsin a

—~Resisting moment taken counterclockwise

My=R ( C'L + (Wcos a - ul) tan ¢*')

FIGURE 4b

When the driving and resisting moments are summed for

all slices and divided to obtain the safety factor, then

= C'L + (Wcos a - ul) tan g (:)
z (Wsin a)

™M
==

2N

where -~ L =length of arc segment
u =water pressure
=Yyhg and h=head of water measured from
the top of the water table
for that slice
Yy,=density of water

g=gravity
g' =effective internal angle of friction
C' =effective cohesion
W =weight of soil slice
a =angle subtended by trial radius from the

vertical to the arc centre,.




2.5.3 Circle Moment Method

FIGURE 5
The resisting force is provided by the shear strength.

If the wundrained cohesive strength, C, acts along the arc

segment, whose radius is R and arc angle ©, then the

M, =CRZ@ -—————@

The driving moment 1is provided by the weight of the

resisting moment is:

water and soil. If the total weight acting against the
resisting force, is taken at its centre of gravity, as shown

in the figure above, from the centre of the arc radius, then

the driving moment is:

The safety factor of the circular segment is then

determined by

24




S.F. = Resisting Moment _ CR28 _ NgC
Driving Moment WX YH

Here, H is the slope height and Ng is called the stability
factor. Graphs or tables of Ng have been calculated for the
critical failure circle (smallest safety factor) for each
slope angle, and are provided by Taylor (1948) or Scott

(1963) and in other textbooks.

25




2.6 Methodoloqgy of Soil Strength Measurement

Soil strength parameters may be determined through
laboratory or field tests. The former may be either by
compression tests or direct shear tests. Testing procedures
for both these methods may be found in standard civil
engineering books. Turnbull (1948) performed direct shear
tests on saturated and unsaturated samples of loess soil.
His findings showed a large amount of consolidation and
resulting settlement as the loess became saturated. This
seems  to be representative of the '"pop-out" effect as
observed by Bradford and Piest (1980).

Lutten (1969, 1974) used unconfined compression tests
and both unconsolidated and consolidated undrained triaxial
tests to obtain shear strength data for a Vicksburg loess.
Tests produced varying results. The consolidated test
revealed a breakdown of the soil structure resulting in loss
of cohesion. A relationship between degree of saturation
and shear strength was observed, with the increase in degree
of saturation being accompanied by a gradual decrease in
strength.

This theory may be further reinforced by Raghavan et
al. (1975). Soil samples were tested for shear strength,
and both the coefficient of cohesion and internal angle of

friction were plotted versus moisture content. For various

26
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indices of plasticity, different relationships were
observed. However, a similar pattern was noticed regardless
of the index of plasticity in that at some moisture content
there appeared to be an optimum point of shear strength.
Beyond this point, however, soil shear strength decreased
with the increase in moisture content.

There was one major problem which arose for all cases
when solving for shear strength for high degrees of
saturation. The curves developed by Raghavan et _al. (1975)
were obtained by the direct shear box test. When tecting
for shear strength of a saturated soil sample under any
applied load, water is allowed to seep out of the sample,
thus reducing its effective moisture content and not
providing a true undrained shear strength. For this reason,
it is preferable to test soil strength in the field, rather
than in a 1laboratory, from the point of view of econonmy,
time and preventing disturbance to in-situ soil structure.

Lohnes and Handy (1968) used a recently developed
device, the Iowa Borehole Shear Tester, to determine in-situ
drained direct shear strength in boreholes drilled into
ditch banks. This borehole tester permits an on-site
determination of cohesion and friction angle in the field.

An even simpler instrument, although less accurate, is
the Shear Graph. This device, which has bheen selected for
soil testing in this study will be covered in more detail in

the following section.



i

2.7 The Shecar Graph and its Application

The Shear Graph is an instrument designed to determine
a soil's in-situ effective cohesion and angle of internal
friction. These two parameters are representative of the
soil's shear strength. The operation consists of manually
applying an axial load on the cylindrical device followed by
a twisting motion. The torque is applied until a maximum
resisting force, denoted by a shear failure of the soil, is
achieved. Figure 6b illustrates the Shear Graph.

The shear strength of the soil and the corresponding
normal strength are shown by a pen marking on a graph. This
procedure is repeated for various applied loads until a
number of points have been established to draw a straight
line. Extrapolating this straight line to the Y-axis, or
shear stress l1line, will give the so0il's effective cohesion
shear strength. The angle which it makes with the
horizontal, or normal stress line, is taken as the internal
angle of friction for that soil. A sample graph is
illustrated in Figure 5a.

While the apparatus is effective in assessing the
stability of an existing bank at a given time, it has
limited uses in investigating soils for the purpose of bank
design prior to ditch construction. Significant
information, however, has been gained regarding bank failure

through the use of this apparatus.

28
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2.8 Groundwater Seepage

When an unbalanced water head occurs, as in the case of
a loaded streambank with little stream flow, water is driven
through the soil mass from a region of high pressure to one
of low pressure. Energy, expressed as head, is described in
three forms: position, pressure and velocity head. In
soils, the resistance to flow is so great, that the velocity
head is assumed to be negligible.

The flow of water through this variant of energy is
best described by Darcy's law which expresses the seepage
quantity as a function of the hydraulic gradient and the
hydraulic conductivity over the total cross-sectional area

normal to the direction of flow.

Q=KiA—————@

where Q = discharge m3/sec
K = hydraulic conductivity m/sec
i = hydraulic gradient m/m
A = cross-sectional area m?

The hydraulic conductivity, K, is defined as the water
of flow per unit area of soil under a unit hydraulic

gradient, and is expressed in units of velocity.
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2.8.1 Flow net analysis

The flow of water through a saturated soil can be
represented by paths of flow of particles of water. The
different levels of energy or head can be represented on the
same picture by equipotential 1lines which are 1lines
indicating points of equal head. 1In support of Darcy's law,
the flow net is firstly based on a saturated soil, secondly
that the volume of water in the voids remain the same during
seepage and lastly, that the coefficient of permcability
remains constant at all points and in any dircction at any
point (i.e. a homogeneous isotropic material).

This criterion 1s derived from the equation of
continuity which takes the following form for two
dimensional flow. Here u and v are the horizontal and
vertical components respectively of apparent water flow

velocity.
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Darcy's law indicates the components of discharge in a

two dimensional flow to be:

u ==K dh and v ==K dh
dx dy

d(-K dh) + d(-K dh)
( dx_)_ i d‘,”)‘ = 0 —e—————
dx dy

and, where K is the constant permeability for a homogeneous
isotropic soil. The more common form known as the Laplace

equation can be developed as shown below.

g_2_h+d2h_o
dx dy2 ~
\

flow channels

—

\

‘“ﬁ:::::::::;:equipotential drops
[

FIGURE 7




2.8.2 Flow Net Construction

Flow lines combinad with equipotential 1lines form a
pattern called a flow net. A number of flow channels, Ng,
are selected so the flow through each, g, is the same. The
total net head, h, is divided -equally so that the
equipotential drops, Ng, are the same when W = L for each

flow compartment.

and h = Nghy _______{::>

The hydraulic gradient is given between successive

potential drops by

1= hy =_h_
L NgL
SO
Q = aN¢
= KWNgi

which represents the basic equation for the computation of
seepage quantities from flow nets having equal distance at

each place between flow and equipotential lines.
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2.8.3 Hydraulic Conductivity Measurement

To measure the hydraulic conductivity of soil below the
water table the single auger hole method (Van Beers, 1958)
is applied. Generally, the auger hole method is a field
measurement which involves boring a hole to a certain depth
from the so0il surface and water table. Once the water in
the bore hole has maintained an equilibrium with the
surrounding water table, a certain amount of water is pumped
out of the hole. The rate at which the water seeps back
into the hole can be calculated to determine the soil's
hydraulic conductivity. The procedure is carefully outlined
in a bulletin released by the International Institute for
Land Reclaration and Improvement, Netherlands (1979).

The auger hole method assumes the soil to be isotropic
and determines the averaye permeability of the soil layers
from the top of the water table to the bottom of the sample
hole. 1Ideally, measurements should be conducted under high

water table conditions such as in the spring or following

prolonged rainy periods.
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2.9 Effect of Vegetal Linings on Stability

Plant roots 1increase soil strength directly by
mechanical reinforcement and, indirectly through water
removal by evapotranspiration. The former effect |is
probably the more important because ditch bank slides occur
most often during rainy periods when so0il water potentials
can rise to zero, regardless of vegetation.

When vegetal cover is present, the evapotranspiration
is increased, thus reducing moisture content and placing the
water molecules of the soil in tension. The direct effect
of the tension of the moisture is to compact the soil and
increase its shearing resistance.

From an hydraulic point of view, the vegetation
protects the channel by reducing the flow velocity at the
soil surface, hence minimizing the hydrostatic shear. Dense
stands of long stemmed vegetation provide deep mats where
velocity is at a minimum in these vegetal zones. It follows
that a uniform dense cover with good stand and relatively
deep penetrating root system will supply a high resistance
to scouring. Grass roots help hold the whole bank surface
together as a unit and thus distribute the forces and the
tendency for erosion at the 1lower part of the bank.
However, if the bank is too steep, a slip circle failure can

occur to a depth below the root zone and cause a slumping of

35




the whole bank. Thus, vegetation should be considered to
prevent sheet erosion and to provide some additional
insurance against bank failure, but it cannot be expected to
hold a bank as originally designed if the bank 1is too steep

for basic force stability.
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CHAPTER IIIX

OBSERVATIONS AND EXPERIMENTAL DESIGN

3.1 Observed Erosive Phases on a Streambank

Before test procedures were established, ¢eneral
observations were made of the nature and features of
watercourse bank instability. Open channel drains
constructed in unstable soils generally demonstrate a
similar pattern of streambank erosion. An order of events
is 1illustrated describing the transformation of a
trapezoidal designed streambank into a stable parabolic
shape. The following sequence of diagrams describes these
patterns and subsequent action of an eroding streambank.

Figure 8a depicts the forces to which a typical
trapezoidal ditch bank is subjected. A bare streambank
would be susceptible to both rill and sheet erosion.
Overland runoff from adjacent cropping land concentrates
into rills which run down the ditch bank to the base of the
surface drain. In sheet erosion, the impact of raindrops
disturbs the structure of the surface layers of the ditch
bank. Flowing water in the channel during a runoff event
loosens and detaches soil particles along the wetted surface
of the ditch bank when the resistance of the soil is

exceeded by the hydrodynamic shearing force of the water.
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All these erosive forces are conducive to streambank
instability and produce a loss of streambank material.
Figure 8b illustrates the effects of these erosive forces.
In sections of open channel drains where water velocities
are high, scouring at the base of the drain results. This
renders the streambank less stable in basic force stability
as it increases the effective local bank slope angle. In
addition, overland runoff c¢an create concentrated rills
along the surface of the ditch bank which will eventually
develop into larger gullies.

Overall intergranular strength of surface layers of the
streambank are reduced due to the impact of the raindrops.
This loosening of the surface structure will result in soil
particle detachment during a runoff event.

Some of the most destructive forces which can produce
bank instability are those associated with internal soil
seepadge. In homogeneous clays, these forces are contained
by the internal strength of the soil, known as cohesion, and
hence lead to no unstable effect. In sands, however, a high
water pressure creates a boiling or quicksand effect, and
the soil loses its strength and sloughs into the channel.
The more common type of failure in the sands is this piping
effect due to seepage.

In some cases, slumped ditchbank material will remain
as an obstruction in the open channel when the sediment load

exceeds the transport capacity of the channel flow. This
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condition usually gives rise to continual problems as the
slumped material acts as an obstruction and deflects channel
flow into the side of the ditch bank, further scouring and
eroding the streambank.

Tension cracks develop in a cohesive so0il and are
usually initiated during wetting and drying cycles upon the
swelling and shrinking of *he soil. Once these openings
have been established at the berm of the ditchbank,
subsequent failure may follow during wet periods when the
weight of the ditchbank increases due to water infiltration
and internal soil strength decreases. Failure of the
ditchbank will act alrng a slip line of least resistance,
and will be compounded by the tension cracks which provide
an escape route for surface runoff.

In times of heavy precipitation, water runs down the
tension crack further reducing the resistance of the soil.
This process will lead to slumping as shown in Figure 8c. A
combination of bed scouring and saturated weight of the soil
mass results in slumping of the ditch bank material along a
slip line which runs from the berm of the watercourse to the
base of the ditch. This slumped material will remain in the
ditch bottom until another runoff event takes place.

The continual effects of seepage forces, repeated
saturation/unsaturated cycles of the soil and high channel
velocities, will result in further scouring of the soil

material, as shown 1in Figure 8d, allowing for repeated
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varieties of ditch bank slumping. The displaced bank
material will eventually wash away following a series of
rainfall events until the channel has stabilized into a
parabolic shape, and is diplayed in Figure 8e. At this
point, the erosion and sedimentation processes will have
decreased considerably, but large quantities of soil have

already been lost and may be deposited somewhere downstream.
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3.2 Experimental Sites

The experimental sites, through contact with
conc ultants, government officials and from experience were
selected based on their history of having exhibited
streambank instability at some stage in their lifetimes. 1In
particular, four experimental sites were chosen for closer
monitoring and soil tesiing to further characterize the
unstable soil. These sit:s had demonstrated, and were still
demonstrating severe streambank slumping and erosive
conditions, indicative of the modes of erosion discussed in
section 3.1. As such, they provided an excellent resource
in establishing an unstable soil analysis. The experimental
sites are all located in the eastern Ontario - St-Lawrence
Lowlands and are representative of the major soil groups in
the eastern Ontario and western Quebec region.

0f the four experimental sites, three are municipal
drains and one a sewer outlet, each with similar streambank
instability conditions. Particularly, the North Morrow,
Lower York and Hammond municipal drains, and the Vars sewer
outlet all underwent extensive soil testing to determine
their instability characteristics. The experimental sites
are described in Appendix "A", and the field investigations

to which were applied are detailed in the following section.




3.3 Field Investigations and Soil Tests

3.3.1 Water table readings

Throughout the course of the year, the water table can
fluctuate from the soil surface during a state of
saturation, as in the spring thaw, to severe dry conditions
when the water table may be located far below the ditch
bottom.

The former case is of interest from the points of view
of groundwater seepage and the gravitational force of water
in the streambank. As discussed in Section 2.3 it has been
observed that streambank failures occur predominantly
following prolonged wet periods where matric potentials, or
suction pressure, in the soil can rise to zero. In this
instance, all the major turces acting towards streambank
failure are at an optimum since the weight of the soil mass
increases, as do the seepage forces. Accordingly,
measurements were conducted during the spring thaw to ensure
that readings for worst case conditions could be obtained.
More precisely, each of the experimental sites was monitored
over a 20 day period during the spring to best determine the
streambank's weakest state. The readings are tabled in
Appendix “B".

In determining unstable conditions relative to water

‘evels in the so0il, all of the experimental sites were
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fitted with water table tubes which would permit the
measuring of these fluctuating water levels.

In each case, three or four water level tubes were
installed in a line perpendicular to the watercourse at a
distance of up to 15m from the edge of the streambank. In
this manner, enough points could be generated to interpolate
a phreatic line from a distance where the water table is
level to a point where the water table intersects the face
of the streambank.

The installation and exact location of the water table
tubes were dependant on the depth and location of the
interceptor tile drain as described in section 3.3.5, and
varied from site to site. In general, however, the water
level tubes were installed in the following manner. The
first water level tube was placed on the face of the
streambank to establish the intercepting water table surface
line with the streambank. The second tube was located
between the first tubke and the interceptor drain. The third
tube was placed beyond the interceptor tile drain away from
the streambank and the last up to 15m into the field to
establish the average field water table depth.

Each tube measured 1.5m in 1length with an inside
diameter of 19mm, All tubes were perforated with 6.5mm
diameter holes punched at regqular intervals along the length
of the tube, enabling the soil water to enter freely. A
filter cloth wrapped around the tube prevented the entry of

sand particles and a removable cap was placed on the top of
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each tube to prevent surface water entering the tube and

impairing actual watertable measurements.

3.3.2 Hydraulic conductivity of soil

To measure the hydraulic conductivity of a given soil,
the single auger hole method as discussed in section 2.8.3,
was followed. To determine whether a soil is potentially
unstable, hydraulic conductivity measurements were conducted
using boreholes at different depths. For instance, a
layered soil with two distinct soil 1layers would result in
two different magnitudes of hydraulic conductivity. If the
hydraulic conductivity of the decper borehole is 1in the
range of a few cm/day while the hydraulic conductivity of
the shallower borehole is in the magnitude of a few metres
per day, then there is a potential for the formation of a
pressure head over the deeper layer. This produces high
seepage forces acting along the layer interface and
groundwater flow towards the outlet channel will occur,
especially under spring conditions when adjoining 1lands
remain saturated for an extended period of time. Often :t
will be evident that the hydraulic conductivities are
significantly different and thus high lateral flows will
occur through the channel banks.

In determining the soil's hydraulic conductivity, the
single auger hole method, as described in section 2.8.3, was

followed. 1In each case, three bore holes were dug for each
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experimental site in close proximity to the streambank to
best determine actual seepage conditions. Borehole depths
were dependent on the textural change of so0il as the case
may be, but in general they were 1.5m deep to determine the
upper hydraulic conductivity, Kj, and 2.4m deep to determine
the lower hydraulic conductivity, K. The soil type and

variability of hydraulic conductivities determined the

spacing of test holes. Measurements are to be conducted
under conditions of high water table. In this case
measurements were taken in the spring. The results are

included in Appendix "A'" under each watercourse description.

3.3.4 Soil property identification

3.3.4.1 Soil survey maps

Soil survey maps have been developed by the
Department of Soils, Ontario Agricultural College,
Guelph and the Research Branch, Canadian Department of
Agriculture. From an agrarian point of wview, they
provide a detailed analysis of the surface soil texture
on a large scale. The maps are primarily used as a
quick reference guide in aiding the designer as to what
kind of soils to expect. However, information is
inadequate for the design of open channel drains. A

good description of each soil series and type is given
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for all regions in eastern Ontario and western Quebec,
but is limited to the top metre or so of depth. As an
unstable soil may be a result of multi-layered soils,
further field investigation 1is required to properly
assess the underlying soils.

A separate description of the soil type, as
described by the soils map, is supplied for each of the

four experimental sites listed in appendix "H".

3.3.4.2 Bore hole test

Many drains are designed on a visual examination
of the soil surface. However, in many of the problem
soils, further investigations below the so0il surface
would reveal underlying soil material of a different
nature.

To this effect, test holes were bored to below the
depth of the watercourse at various depths in order to
produce a soil profile. The test holes were dug at
standard spacings and specifically in areas adjacent to
localized slumping and erosion to determine if indeed a
change in soil texture exists.

As the holes were being bored, soil was removed
from the tip of the auger and examined. At this point,
the soil sample is carefully inspected. Thin layers of
soil may be extremely difficult to detect but could be

quite significant from the point of view of

e
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instability.

To develop a soil profile, soil samples were
extracted from the auger tip, measured from the soil
surface, tagged for 1location, placed in plastic bags

and returned to the laboratory for further testing.

3.3.4.3 Grain-size analysis

The scil samples obtained from the field for
classification were analyzed using the grain size
analysis as outlined in Section 2.2.1.

A soil profile could then be developed for each
watercourse. Depending on the variability of the soil,
a minimum of two samples were taken at different
depths.

Percentage of fineness curves were developed from
the grain size analyses and classified according to the
USDA Soil Conservation Service classification system.
Each soil sample for each experimental site which was
analyzed for a particle size distribution, is graphed

and displayed in Appendix "C".
3.3.4.4 Atterberg limits
Two of the four experimental sites, namely the

Lower York and North Morrow municipal drains were

classified as cohesive soils and subsequently tested
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for basic force stability using the axial shear graph.
Soil samples were extracted from the same location

as the axial shear vane measurements were performed,

then tested in the laboratory for their plasticity

index.

Atterberg limits were tested as described in

Section 2.2.2.
3.3.5 Installation of interceptor tile drain

Interceptor tile drains were installed along the
ditchbanks in all the experimental sites. These parallel
interceptor drains were installed to intercept the seepage
water which tends to move soil in the ditchbank towards the
toe of the slope, as soil water flows from a zone of higher
pressure towards that of a lower pressure, located at the
ditch bottom. The subsurface drains were installed as close
as possible to the open drain yet at a depth slightly above
that of the drain bottom. They were installed low enough to
maximize the 1lowering of the water table adjacent to the
slope but high enough to ensure adequate outlet conditions.
In all cases, the tile drains were placed at a slope
equivalent to that of the average slope of the watercourse,
along the experimental section.

The depth of the interceptor drains was limited to the
installation capacity of the trenchless plough which allowed

a maximum depth of 2.0m from the surface. The interceptor




tiles were 100mm diameter perforated corrugated tube wrapped
with filter material, with lengths of up to 175m depending
on the experimental site. Average distance of the tile
drain from the ditch bank was approximately 2m. This
distance is governed by the track width of the trenchless
plough.

Water table measurement tubes, as described in section
3.3.1, placed perpendicular to the ditch, made possible an
evaluation of the water table during critical pneriods of the
year. By closely monitoring the fluctations of the water
table along the ditchbank, the effectiveness of the tile
drain in reducing seepage and water content in the

streambank could be evaluated.

3.3.6 Shear Strength Measurement

The presence of water in the soil has a distinct effect
on the behaviour of a fine grained soil. In addition to the
water content, it is necessary to compare this bechaviour to
a set standard. The Atterberg limits define these critical
limits between water contents for cohesive or fine grained
soil, when soil may bahave in a different manner.

To obtain the soil's shear strength, the soil's
cohesion and intergranular angle of friction were determined
as a function of moisture content using the shear graph.
These strength measurements were used in correlation with

the ditchbank shape and depth of drain to determine the
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safety factor of a ditchbank. Two of the four watercourses
selected for testing from the experimental sites are fine
textured and thus may be tested for slope stability using
the Method of Slices or the Circle Moment Method. The
latter method, as described in Section 2.5.3, assumes a
saturated fine textured scil to have a negligible internal
angle of friction.

Raghavan, et al. (1975), developed cohesion curves as a
function of moisture content for various soil types.
Clearly, these curves indicate that beyond some optimal
moisture content, the soil's shear strength decreases to a
point of least resistance.

To determine this minimal shear strength and thus
greater likelihood of ditch bank slumping, measurements were
conducted in the spring during the runoff period to obtain
saturated or near saturated conditions. Because of the
great fluctuation of the soil's shearing strength versus its
water content, soil samples were collected at the same
location where the axial shear graph tests were made to
determine the nmoisture content.

Shear graph neasurements were conducted at random
locations along and up and down the streambank and at
various depths, Due to the nature of the device, accurate
measurements of soil shear were only made to a depth of
25cm. Beyond this depth, manipulation of the instrument

became very unorthodox and produced inadequate results.
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3.3.7 Vegetal Lining

All of the experimental sites were seeded with variocus
seed mixtures. Many factors influence the selection of a
vegetal lining to maximize growth, early root establishment
and the ability of the vegetal lining to germinate rapidly
and continuously.

Seeding generally will be most successful if carried
out 1in late spring or late summer/early fall.
Specifications normally recommend seeding within a 24 hour
period after excavation of ditchbanks, to obtain desirable
moisture conditions.

All the experimental sites were hand broadcasted in the
late summer of 1983, with the exception of the Vars Storm
Sewer outlet which was hydroseeded immediately following
excavation of the watercourse.

The following mixtures were applied at different
locations along the streambank within a single experimental
site. The concentration of the seed mixture applied to the
streambank was 60kg,/ha as recommended by the Ontario
Ministry of Agriculture and Food Field and Crop Guide, 1984.
A heavier concentration was applied to the Millette
Municipal Drain due to a change of seeding equipment. 1t
was calculated after the seed was broadcasted on the
streambank that 70kg/ha had been applied.

Ease of establishment and time required to develop a
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protective cover are extremely important considerations in
selecting the correct mixture and vegetal type. Annual
grasses are preferred for rapid growth, mixed in with the
more native and hardy sod-forming grasses which require a
longer period of time for establishment.

Climate and soil are the principal factors which
determine the specie or preferable mixture. However, there
are local conditions which contribute to the selection of a
vegetal 1lining for a ditch bank. 1In this particular region

of study, the single most important factor is the timing of

seeding.
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TABLE 3
SEEDING
Drain Date of Concentration Seed Mixture applied on
Seeding of Seed random locations
NORTH May 1984 60 kg/ha 0-100 m 'A' Both
MORROW 100-200 m 'C' sides
200-300 m ‘D!
LOWER May 1984 60 kg/ha 0-100 m 'C' Both
YORK 100-200 m 'E' sides
200-300 m ‘A’
HAMMOND May 1984 60 kg/ha 0-250 m 'D' East
Bank
0-250 m 'A' West
Bank
LABRECHE May 1984 60 kg/ha Entire Length 'C' Both
all branches 'D' sides
CUMMING May 1984 60 kg/ha 0-200m  'B' Both
200-275 m 'A' sides
275-500 m !
MILLETTE May 1984 70 kg/ha 0-1000 m 'D' Both
sides




SEED MIXTURES TABLE 4
Forage Mixture Component %Seed
A FAIRWAY 1 40
TIMOTHY 40
WHITE CLOVER (DUTCH) 10
ALSIKE 10
'B' FATIRWAY 1 75
ALSIKE 12.5
WHITE CLOVER (DUTCH) 12.5
c 2 BIRDSFOOT TREFOIL 3 40
RED FESCUE 60
'D! FAIRWAY 1 100
'E' FAIRWAY 1 65
BIRDSFOOT TREFOIL 3 15
ALSIKE 10
WHITE CLOVER (DUTCH) 10

Recommended by the Ministry of Transport and Communications
(1977)

CREEPING RED FESCUE 54%
KENTUCKY BLUECRASS 22%
WHITE CLOVER (DUTCH) 07%
RED TOP 05%
COMPANION CROP 12%

Recommended in the Design Manual for Open Channel Drainage (1980)

CREEPING RED FESCUE 55%

PERENNIAL RYE GRASS 28%

WILLD WHITE CLOVER 09%

BIRDSFOOT TREFOIL 08%

NOTES

1. "Fairway" is a commercial mix at 40% Kentucky, 35% Red

Fescue, 25% Rye Grass.

2. Mixture "C" recommended for erosion control by the O.M.A.F.
Field and Crop Guide, 1984.

3. For a legume such as Birdsfoot Trefoil, an innoculant at
2279 per 25 kg of mixture is required.
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CHAPTER IV

RESULTS AND DISCUSSION

4.0 Streambank stability

A soil may not necessarily be categorized as unstable
based on a textural classification. In many of the
sideslopes designed as safe, strcambank failures result duc
to a condition of the soil. This implies that this
condition be reached at some critical point when the
shearing or resisting strength of the soil is exceeded by
the driving or gravitational force of the soil mass of the
ditchbank. However, it would appear that a number of soil
types are more prone to these critical conditions which lead
to streambank collapse.

Streambanks are at this weakest point during periods of
prolonged we'fness, when matric potentials in the soil can
rise to zero. Accordingly, each of the four experimental
sites were monitored over a period of 20 days during the
spring thaw of 1984. A total of 9 readings werc obtained
and are tabled in appendix "B".

To determine which of these readings represent the
worst case conditions, there must a pnint during a runoff
event when the differential head betwecen the watertable in
the streambank and stage height in the ditch is at a

maximum. During a runoff event, the watertable in the
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streambank will rise with the water 1level in the
watercourse. At the peak stage height, the water 1level in
the ditch will equal the watertable in the streambank.
Under these conditions, with channels flowing at near full
capacity, the effective safety factor in the submerged slope
usually has a higher safety factor than the same slope
unsubmerged. This stands to reason due to the pressure of
water acting against the ditchbank, preventing the loaded
streambank from collapsing.

In most cases, however, once the runoff event has
peaked, the stage height in the watercourse will drop much
faster than the water level in the streambank. The result is

thal the neutral stress within the slope cannot adjust

-

itself to the new water level in the ditch, thus creating an
imbalance of pressure on the streambank. This condition 1is
termed drawdown and is common in a watershed with short
times of concentration, when the stage height 1in the
streambank fluctuates rapidly. It is at this point that
calculations were made for worst case conditions.

In the following section each experimental site is
discussed separately on the effects of Jlowering the
streambank's water table with the introduction of an
interceptor tile drain. By developing flow nets for both
tiled and untiled sections as described in section 2.8.2,
seepage forces acting against the streambank can be
calculated. To compare both tiled and untiled cases under

similar conditions, a slip line was first developed for the
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worst case condition in the untiled streambank. Generally,
the procedure was followed as outlined in section 2.5.2
where an arc or slip line was drawn from the intersection of

the water table in the streambank, to the water level in the

ditch. This circular arc was then superimposed onto the
tiled streamban? section. At this point, both seepage
forces as described 1in section 2.8, <could then be
calculated.

The following flow net diagrams for each experimental
site, bo*h tiled and untiled sections, illustrate the flow
channels 1in blue with arrows pointing in the direction ot
flow, and the slip line and water pressure distribution,

drawn in red.
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4.1 Flow Net Analysis

4.1.1 Lower York Municipal Drain

The study section within the Lower York was

reconstructed through previously undisturbed soil for
realignment purposes. The site was chosen for remedial
testing as it had demonstrated frequent <sloughing of
streambank material into the watercourse. Two drop
structures were installed along the test site prior to this
analysis due to the high channel velocities. There was one
significant bend in the watercourse resulting in channel
flow being redirected into the ditchbank causing unusual
scouring at the toe of the slope.

The modes of erosion discussed in Section 3.1 exer.._ify
the Lower York's streambank erosion. The high spring flows,
undercut the toe of the slope and steepened the streambank.
High surface runoff had created rills and gullies down the
streambank face. High water tables coupled with freezing
and thawing, wetting and drying cycles, led to tension
cracking at the berm of the streambank.

An auger hole test revealed a contributing factor in
the streambank's instability. Approximately 1 meter below
the soil's surface, a clay layer was discovered 0.40 meters
thick in an otherwise silty loam soil. The hydraulic

conductivity was difficult to determine due to the thickness
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of the clay lens, but was nevertheless sufficiently low to
create a perched water table above the clay lens.

The adjacent topography surrounding the watercourse was
steep resulting in increased surface runoff and greater
seepage forces along the streambank. Evidence of these high
seepage forces were the fine soil particles observed seceping
out above the clay lens along the face of the strecambank.

To reduce the seepage forces and thus lower the water
table, a tile interceptor drain was installed along the
ditchbank. Due to the variation of the depth of the clay
lens, the interceptor tile was installed in and out of the
clay lens. Figures 9a and 9b illustrate the location of the
tile drain as at the bottom of the lens, with a wedge cut
above the tile drain as created by the trenchless plough.
It was assumed that the silty loam wunder saturated
conditions would flow into the wedge developed by the
cutting action of the plough, thus ensuring a porous medium
for the overlying perched water table to drain through to
the interceptor tile.

As shown in Table 5, the seepage forces are much less
than the other watercourse. This is due to the confined
slip circle taken to be above the clay lens where the fines
were observed to be seeping out. However, the installation
of an interceptor tile drain appears most effective in
reducing the water table, as scepage forces under worst case

conditions were calculated to be 60% less than for an

untiled section.
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4.1.2 Vars Storm Sewer Outlet

The Vars Storm Sewer outlet was constructed during the
summer of 1982. Initial construction was delayed due to
unusually high water levels in the soil. The fine sand and
high water table resulted in sloughing of the newly
excavated banks as construction proceeded. To correct this
problem, interceptor tile drains were installed on each side
of the proposed ditchbank up to 2.0m below the soil surface
and up to 0.25m below the ditch invert. This removed the
excess water in the so0il and permitted a normal
construction.

Many of the watercourses on the St. Lawrence lowlands
which have exhibited streambank instabilities in ore form or
another reveal similar soil make up. For this reason,
further investigations were made on this watercourse to
determine the scil's profile and permeability. Results of
the Auger hole tests on this site confirmed the relatively
high permecability in a homogeneous fine sand. In frictional
soils, particularly the medium to fine sands, sideslopes are
constructed at 3h:1v (3 horizontal : 1 vertical) due to high
lateral seepage forces along the streambank. The
installation of an interceptor tile drain permitted
sideslopes to be constructed at 2h:1v due to the reduction
of water pressure caused by a high water table in the
streambank. Throughout the spring runoff, water table tube

#2 located above the interceptor tile and shown in appendix
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"D", only registered readings on four occasions signifying
that the tile drains were quite effective in lowering the
water table.

As illustrated in Figures 10a and 10b for worst case
conditions, four flow channels in an untiled section were
subsegquently reduced to two flow <channels in a tiled
section. As 1indicated in Table 5, the seepage force was
calculated to be 42% less in the latter case, clearly
reducing the incidence of slumping. The benefits of
installing a tile drain as deep as possible is illustrated
by the hump in the watertable between the tile drain and the
ditch bottom, i1ndicating that there is flow towards the tile
drain and therefore away from the watercourse.

There is a definite advantage in installing the tile
drain below the ditch bottom but in many situations outlet
conditions do not permit such a design. In this case
however, the Vars watercourse had an average slope of 0.3%,
permitting the installation of tile drains below the ditch

bottom at the minimum 0.1% slope.
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4.1.3 Hammond Municipal Drain

The Hammond Municipal Drair demonstrates a typical

problem soil encountered 1in open channel drainage
construction. It would appear at the outset that the open
channel 1is constructed in a homogeneous fine sand with
recommended 3h:lv sideslopes for this class of soil.

Along the bottom of the streambank above the lower base
flow stage height, severe washing out of the sands was
observed. This phenomenon known as soil piping takes place
when the soil particles migrate to ar exit point, in this
case along the streambhank face.

The adjacent land surrounding the watercourse is
relatively flat with no noticeable regions supplying a
higher than normal recharge area. Upon closer examination
of the soil profile, it was discovered that a clay layer was
approximately 1.5 m below the surtace, underlying the fine
sand. It is along this fine sand/clay interface that soil
piping was observed. Permeability tests were carried out on
site, and determined the hydraulic conductivity of the
upperlying fine sand to be 2.5 m/day, and the underlying
clay layer to be 0.3 m/day. This larger differential of
permeability between the two soil materials appeared to be
the source of the problem; a significant build up of water
pressure in the sand above the clay resulted in a high
lateral flow through the streambank face.

To reduce these high seepage forces and the extent of
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soil piping, an interceptor tile drain was installed. The
tile drain was laid as deep as possible but above the clay
layer so as to intercept the horizontal seepage forces in
the sand.

The adjoining Figures 1la and 11b describe the success
in the interceptor tile reducing the seepage forces. Four
flow channels in the untiled section were reduced to two
thus reducing the water pressure acting along the streambank
face by 40%. As 1in the cases of both the Vars and Lower
York, some subsurface tlow was measured to be flowing away
from the open channel to the tile drain as indicated by the
rise in the watertable between the tile drain and the

watercourse.
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4.1.4 Nor:h Morrow Municipal Drain

Historically, the North Morrow along the test site has
always proven troublesome. Continual slumping on koth sides
of the watercourse has generated large amounts of soil
material to be washed away, resulting 1in a larger than
designed channel capacity. The average grade of the channel
within the test section is 0.1%, a little steeper than the
average slope of the entire drain nevertheless quite flat.
Despite the enlarged capacity of the watercourse within the
test section, a high water level, approximately 0.75 m,
would remain throughout most of the spring. At this water
level, flows would remain negligible, indicating a back
water problem. Scouring was not observed and 1is unlikely
in the process of rendering the streambank unstalle.

Slumping, however, was observed at different stages of
development along the test site indicating high levels of
water table and seepage forces. An on-site investigation of
the soil profile would reveal something much more
complicated than a Rubicon Fine Sand as identified by soil
maps for this region.

A close inspection of the soil removed from the auger
during digging revealed a soil make-up highly susceptible to
ditchbank slumping. Alternate this layers of clay, silt,
and sand, known as a varved clay, make up the profile of
this ditchbank. These thin laminae exit at the ditchbank

face permitting the water contained in the coarser grained
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material, sandwiched within the finer grained material, to
seep out. In this case, the water pressure in the sand is
too large to be maintained by its internal strength
resulting in washing out of both soil material and water
through the ditchbank. The soil loss in the sand and silt
layers results in a collapse of the clay layers above. This
process usually initiates higher forms of slumping such as
slab failure.

The prescribed auger hole method was only useful in
determining the hydraulic conductivity of the upper soil
horizon relative to that of the lower. It is not possible
to determine on site, the hydraulic conductivity of each
alternate layer which measures 2 to 5 cm in thickness. Tt
is understood that following a rise in the water table, the
flow lines are refracted at angles that vary aAaccording to
the hydraulic conductivity of the soil layer. However, for
the purpose of comparing the effectiveness an interceptor
tile, the flow nets were developed on the basis of a
homogeneous soil.

The results of an interceptor tile were the least
successful of all the watercourses under examination as some
slumping did continue after installation. There was,
however, a noticeable decrease in the water table. From
Figures 12a and 12b, it appears that the interceptor tile
drain removed water immediately around the drain but was
limited due to the relatively impermeable layers of clay

surrounding the tile drain and thus impeding the passage of



water to the tile drain. However, it is felt that the
installation of the tile drain by the cutting action of the
trenchless plough, broke up the varves and provided a
pathway for the water held above in the confined silt and
sand layers, to reach the tile drain.

In measuring the seepage forces for this particular
watercourse, a slip line was drawn from a tension crack on a
previously slumped soil mass and not from the intersection
of tne water table and the ditchbank. The flow net diagranms
for North Morrow illustrate that tile drainage eliminates
one flow channel to the streambank. However, the
installation of a tile drain for this watercouse was the
least successful of all the four watercourses monitored as
the reduction of seepage forces was calculated to be 33%

less for the tiled streambank.
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Watercourse

TABLE 5

Seepage Pressure by Flow Net

North Morrow
Municipal Drain

vars Storm
Sewer Outlet

Hammond
Municipal Drain

North Morrow
Municipal Drain

Without With tile % reduction
tile drain drain
kPa kPa
1.58 0.63 60%
2.93 1.72 42%
3.79 2.29 40%
2.83 1.90 33%
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4.2 Slip Circle Analysis

The previous section involved the calculation of
scepage forces through the development of flow nets. In
this section, a more detailed analysis using the method of
slices can calculate a safety factor based on parameters
such as weight of soi1l, water pressure and the soil's
cohesion and internal angle of friction.

The North Morrow and . mmond Municipal drains were both
selected for sample calculations as the former demonstrates
typical slab failure representative of cohesional soils and
the latter, localized sloughing indicative of frictional
soils.

For worst case conditions, when the ditchbank is most
prone to failure, the soil strength's parameters are
minimal. The term, worst case condition, is used in this
context as the actual physical measurements obtained on site
during prolonged wetness which revealed soil strength
parameters at their lowest. It is quite likely that when on
site measurcments were performed, the streambank may not
have been at its weakest. From Table 6, it can been seen
that for the cohesional soil, the weakest state which was
observed with the axial shear graph for the North Morrow was
determined to have a shearing force of 10 kPa with a
corresponding internal angle of friction of 8¢ at a moisture

content of 38%. The Hammond drain, a frictional soil, the
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worst c:se condition was determined to have a shearing force
of 3 kPa with a corresponding internal angle of friction of
300 at a moisture content of 25%.

For the North Morrow, the internal angle of friction
could be interpreted as negligible and the Circle Moment
Method chosen to calculate the streambank's effective safety
factor. However, to properly gauge the eifectiveness of the
interceptor tile reducing the streambank's water table and
seepage forces, the Method of Slices is used as the method
of calculation.

To determine the effectiveness of a tile drain under
worst case conditions a safety factor is calculated for both
an untiled and tiled cross-section. The same slip circle is
used for the purpose of calculating a safety factor as was
used to calculate the secepage force by flow net. In both
cases, they represent the most 1likely regions along the
streambank where failure would occur, should the soil's
strength parameters be at their weakest. Using equation 2
developed in section 2.5.2, a safety factor is calculated by
summing the resisting moment of each slice and dividing by

the summation of the driving moment.

S.F.= T M, = % C'L+ (Wcos a - ul)_tan g#!
Z Mg z (W sin a)



As expected the driving moment will be greater for the
untiled section due to the larger amount of water in the

streambank, as indicated in Tables F-1 and F-2 in Appendix

"E",

The tile drain reduced the streambank weight for the
North Morrow drain by 0.335 Kg-m and the Hammond by 0.383
Kg-m. This difference in weight is quite small and would
appear insignificant when substituted in the driving moment
formula in equation 2. However, this reduction in water
content increases the wunsaturated zone in the overall
streambank and as a result, increases the shearing
resistance in a cohesional soil, and reduces the pore
pressure in a frictional soil.

In particular, the increase in stability for .he North
Morrow 1is greatly attributed to the increase of cohesion in
slice #5, as shown in Figures 12a and 12b. This slice has
now become unsaturated, vresulting in an increase in the
shearing strength along the slip line from 10 kPa to 18 KkPa.
To some degree, the pore pressure has been reduced but is
relatively insignificant when compared to the shearing force
in a cohesional soil. Here it can been seen why in most
cohesional soils when calculating a factor of safety under
saturated conditions, the term " (Wcos a - uL) tan g'" of
the resisting moment becomes negligible for small internal
angles of friction, when compared to C'L. In this instance,

the much simpler form of calculating a factor of safety

using the Circle Moment Method as shown by equation 3 and
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described in Section 2.5.3., may be applied.

Alternatively, as shown in Figures 1l4a and 14b, for a
frictional soil such as the Hammond drain, the shearing
force is relatively small, consequently a reduction in pore
pressure has a much larger effect on the overall stability
equation. It can be seen that the resisting moment is
increased as the internal angle of friction 1is larger.
Accordingly, the term " (Wcos a - ulL) tan @' " becomes much
more significant when compared to " C'L ".

Appendix "F'" outlines the detailed calculations to
determine the safety factor using equation 2. Table F-1
illustrates an increase of 33% in stability for the North
Morrow between a tiled and untiled streambank. Table F-2
shows an increase of 28% in stability after the installation

of an interceptor tile in the Hammond.
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TABL

SELECTED DATA FROM

AXIAIL, SHEAR GRAPH

TEST MOISTURE | COHESIVE | INTERNAL | PLASTICITY
LOCATION CONTENT | STRENGTH | ANGLE OF INDEX
& (%dw) FRICTION
SOIL TYPE
NORTH 10% 42 XkPa 20° 30-41
MORROW
25% 36 kPa 16° 29-40
VARVED
CLAY 33% 18 kPa 13° 32-41
38% 10 kPa g° 29~40
LOWER 15% 35 kPa 30° 24-31
YORK
22% 28 kPa 20° 24-30
SILTY
1AM 25% 21 kPa 21° 24-32
33% 10 kPa 15° 22-30
HAMMOND 25% 3 kPa 30° -
FINE 23% 5 kPa 30° --
SAND
20% 6 kPa 30° --
15% 8 kPa 34° -~
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4.3 Vegetal Lining Results

The stages of development for a good vegetal cover are
generally recognized as planting and germination, growth,
development, anrd maturity. The time required to complete
this cycle greatly depends on the species and growth
environment.

Given the proper moisture conditions and nutrient
availability in the soil, at least two growing seasons are
requirced to establish a dense vegetal 1lining. The sanmple
mixtures were applied during spring 1984 and were evaluated
in the fall of 1984. Many factors influence the selection
of vegetal linings. An evaluation of uniformity and density
of cover, maintenance of stand, climate and antecedent
moisture conditions will assist in the choice of mixture.
Forage crops used for erosion control may be categorized
into two groups; sod-forming grasses and bunchgrasses. Sod-
forming grasses, also known as turf grasses develop a dense
root system ar.d spread rapidly by shooting off new rooting
systems from the surface plant material. They usually
develop a short vegetal cover with a thick but short rooting
system; the bunchgrasses develop a deep but thin root
systemn. Instead of the spreading characteristics of the
sod-forming grasses, the surface plant material shoots and
branches upward.

The selection of the various types of grasses is

limited due to climate. Some of the more ideal and highly
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acclaimed grasses for erosion control measures such as
Bermudagrass which, as a fast-spreading, sod-forming grass
that produces more wear-resistant turf than any other, is
suited only for warm season growing. The combination of the
species which form the test mixtures, are all proven cool
season resistant varieties.

The Trepp method (1950) was used to ec¢valuate degrece of
cover provided by each mixture at each specific site and is
shown in Appendix "E". Table 7 describes each specie and
their characteristics which make them attractive components
in an erosion control forage mixture. Tt is the combination
of these which provide the make-up of the test mixtures.
Table 8 describes the outcome of cach of the seed mixtures.

Seeding operations were conducted in late May following
the spring freshet. The high moisture condition allowed the
bunchgrasses, like Timothy and Annual Ryegrass, to establish
rapidly and develop a base for the sod-forming grasses which
generally took longer to germinate. The best conclusions
can be made from the North Morrow and Hammond Municipal
Drain. Both mixtures '"C" and "A" exhibited better growth
characteristics than the conventional mixture "D".

The Hammond drain provided ideal conditions for good
vegetal growth; a sandy surface and flat side slopes. The
most prominent specie of this mixture was the clover which
developed a solid root system and lush vegetal cover. The
clovers are known to develop a dense rooting system but

require longer time to germinate. The rapid germination of
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the Timothy and the Annual Rye grass provided this base.
Other noticeable species in this mixture were the Kentucky
Bluegrass and Creeping Red Fescue which exhibited good
growth characteristics but, 1like the clovers, require a
nurse crop to aid in establishment. The adjacent side slope
seeded with mixture "D" exhibited poor growth and cover.
The North Morrow drain revealed mixture "C" to be the most
productive. The clovers were observed to be the predominant
specie developed from mixture "A" but was not as lush as the
Birdsfoot Trefoil which had established very well further
downstream as part of mixture "C". Since both were seeded
at the same time, the best explanation for a better growth
of mixture "C", may be that Birdsfoot Trefoil grows well in
poorly drained soils.

Mixture "D" was notably successful on the Millette
drain where with an increase of concentration to 70 kg/ha, a
reasonably good growth took place. However, in addition to
the sandy soil and flat side slopes which make for good
growth, 1ideal conditions and gentle precipitation periods
kept the soil moisture conditions favorable.

The sceding of the Labreche drain was the least
successful. The sideslopes are quite steep making
establishment of the seed quite difficult. It was observed
when applying the seed to the bank that the Birdsfoot
Trefoil, due to the spherical nature of the seed, had a
tendency to roll down the ditchbank into the kottom of the

drain. Most of the seed had germinated and was developing a
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good vegetal cover at the bottom of the drain on the flatter
sideslopes.

Despite the success of mixture "C", it is felt that it
could be improved further with the addition of a nurse crop.
Table 7 indicates a germination period of up to four weeks
for both Red Fescue and Birdsfoot Trefoil. With the
inclusion of an annual grass as a starter, the mixture
should be the ideal combination for establishing a good
vegetal cover.

Except for the Millette drain, all test mixtures were
seeded at the rate of 60 kg/ha. It is felt that thisc
increase in concentration of approximately 15% from curvrent
recommendations 1is necessary to cover seed lost through
application and natural erosion processes during early seced

growth periods.




TABLE 7

Drainage Class
Char. Growth | Germination [~ UPy [ W&rITl PoorTy Root Vegetal Remarks
Class. | Habit Time (days) Drained | Drained | System | Lining
1

Kentucky !

Bluegrass S P 21-28 X X Dense ' Lush long Creeps and fills
but blades where others thin
shallow out.

Creeping S p 21-28 X X X Jdense Thick fine Requires well

Red Fescue but leafy drained soils.
shallow { growth Produces complete

cover in one year.

Annual Rye B A 7 X X Deep Long Excellent starter

Grass but narrow used as nurse
thin leaves crop.

extend from
base of
plant

Timothy B A 7 X X X Deep Long thin Excellent starter
but strands uses as nurse
thin crop. Grows in

widest range of
environments.

Birdsfoot S P 14-21 X X Dense Forms dense | Grows well on

Trefoil but flowery poorly drained
shallow | surface soils but not very

cover drought resistant.
Expensive.

White Clover S P 7-14 X X Dense Flat leafy Like Alsike
but structure requires a nurse
shallow | spreads on crop to give an

survace early maturing
mixture.

Alsike S P 7-14 X X Dense Flat leafy More tolerant in

(Clover) but structure acid soils and poonr
shallow | spreads on drainage than

surface White Clover but
more expencive.
B - Bunchgrass A - Annual

S - Sod-forming

¢ - Perennial




TABLE 8

SEED MIXTURE RESULTS

— e e ey

DRAIN MIXTURE VEGETAL* RESULTS
COVER
North Morrow Al 3-4 Mixture 'C' ecxhibited
'c! 4-5 excellent growth. Some
'D! 1 flowering observed in a
lush combination mixture
Birdsfoct Trefoil and
Creeping Red Fescue.
Only scattered clumps of
vegetation were produced
from Mixture 'D'
Lower York 'c! 2-3 Most of the growth was
'E! 3 found to be at  the
'A! 3-4 bottom of the ditch
where side slopes were
flatter. Some of the
annual grasses
established at the top
of the drain.
Hammond 'D! 1 Mixture fA' exhibited
'A? 5 excellent growth.
Clover spread rapidly,
had good root system.
Labreche c! 1 Sideslopes are 1.5h:1lv
'D! + making seed
establishment
very difficult. Most of
the seed was lost.
Cumming 'B! 2 Most of the sced was
'A' 2 lost following a
ct 2 rainstorm after the
seeding. The Clovers
and Birdsfoot Trefoil
show some signs of
spreading.
Millette 'D! 4 In addition to sandy

soils and flat
sideslopes, ideal
conditions prevailed
following seceding
operations.

*Estimation by degrees of cover.

See Appendix "E"
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CHAPTER V

CONCLUSION

5.0 _Summary

To determine if a streambank will be unstable, an on-
site examination of the soil should be conducted. It
involves a bore hole test to determine the soil profile up
to 1m below the proposed a.tch bottom, and possibly an auger
hole test to determine the hydraulic conductivity. Soil
maps have been proven to be inadequate for the drainage
engineer as they do not identify 1local soil conditions nor
do they describe the soil conditions beyond 1 meter below
the soil's surface.

Soils which have been icdentified ac unstable are the
fine sands and the layered soils. In sandy soils,
horizontal permeabilities are very high and result in a
pressure head along the interface, especially after rainy
periods. The sand transmits the water more freely and water

flows along the interface to the ditchbank where piping or

washout occurs.
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5.1 Interceptor tile drain

The results of this study have proven that the
installation of subsurface drains parallel to open channel
watercourses have been successful in reducing the incidence
of streambank failure.

The parallel subsurface drains are installed to
intercept water which in turn reduces seepage forces that
tend to move so1l towards the toe of the slope as water
flows towards the ditch. Bank stability is greatly reduced
«iring snowmelt when banks are prone to failure due to
extended perinds of high water table. The removal of excess
water behind the ditchkank, in effect increcases the
streambank's water holding capacity during this critical
period of the year. Subsurface interceptor drains may not
eliminate the slumping, however, the number and severity of
occurrences will be greatly reduced.

Insertion of a subsurface interceptor drain has been
shown to be very effective in reducing lateral seepage
forces in sandy soils as shown in both the Vars and Hammond.
Installation in a varved clay such as the North Morrow has
been effective 1in streambank stability, however, the
efficiency of removing water in the streambank could be
improved by constructing a granular trench above the tile.
In this manner, each individual horizontal water carrying
layer may be intercepted and water transported down to the

subsurface drain, relieving the seepage forces at the

streambank.
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5.2 Vegetal Cover

In the selection of seeding mixtures, there are several
factors to consider. In addition to soil and climate, the
following considerations are important.

Seeding generally will be most successful if carried
out “rom May 1st to June 15th and from Augqust 20th ¢to
September 20th. Specifications normally recommend seeding
within a 24 hour period after excavation of ditchbanks to
obtain desirable moisture conditions. This guideline should
not be enforced before May 1st or after October 15th. The
demonstration sites were all sceded in the fall based on
optimum soil conditions as the combination of a decrease in
evapotranspiration, raising the water table, and the peak in
soil temperature. These conditions make for a rapid seed
germination. In this manner the seed will germinate enough
to est-hlish a root system to carry it through the spring
runoff. In the spring, seeding should be done following the
spring runoff or the seed may be washed away. Moisture
conditions are normally favorable during this period and are
complemented by warm weather. Should seeding be
unsuccessful, re-seeding should be carried out when
conditions are most favorable, that is in the summer during
or following rainy periods.

Ease of establishment and time required to develop a
protective cover are extremely important considerations in

selecting the correct mixture and vegetal type. Annual
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grasses are preferred for rapid growth mixed in with the
more native and hardy sod-forming gracsses which require a
longer period of time for establishment.

High flows in the channel may remove sced or shoots
befcre the grasses have sufficient roots for anchoring. 1In
the same manner, bank seepage can wash out seeds or new
growth.

It is recommended that the seeding rate be no less than

60 kg/ha. Reseeding may be necessary and should be
carried out at the earliest opportunity when soil conditions
are favorable.

Deposition may be controlled to some extent by the
selection of a vegetation. Low, shallow flows undergo very
high retardance when flowing through sod covers. A dense
cover keeps the flow from channeling. However, the end
result of 1low velocities 1is excessive settling of the
suspended sediment. The bunch grasses and open covers offer
less resistance to shallow flows than sod-forming grasces,
but provide less protection against erosion.

Hydro seeding is a very successful operation but due to

its cost it should be reserved for highly erosive areas.
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RECOMMENDATIONS FOR FUTURE STUDY

With reference to the experiments undertaken in this study, it is
suggested that the following be considered to further evaluate

methods to increase streambank stability.

- Due to the cost associated with the installation of
subsurface filtered drainage tube, evaluate the

effectiveness of installing a mole drain as an interceptor

tile

- Install a depth recorder instead of watertable tube to
determine the fluctuating watertable in the streambank
relative to the water level in the watercourse. In this
manner thc maximum head differential could be calculated

for actual case conditions

- The effect of ice lenses acting as impermeable layers

during the Spring runoff should be evaluated

- A more thorough seeding schedule should be developed to
determine various seed mixtures vis-—-a-vis soil type, soil

conditions, local climate, application and seed costs

- Laboratory tests should be conducted to confirm isotropy

in the study soils to properly evaluate subsurface flow

by flow net
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GENERAL WATERCOURSE DATA

Experimental Site : North Morrow Municipal Drain

Drain location

This drain is located in Concession X and XI of the
Township of Osgoode, Con-ession XI and X of the
Township of Cumberland and Conc. I, II and III of the
Township of Russell in the Province of Ontario. The
section considered herein extends for 200m south of the

culvert bridge on the boundary road.

Drainage area up to experimental section: 382 ha
Watercourse length up to and including
experimental section: 2500m

Length of experimental section: 200m

Average channel grade over experimental section: 0.1%

Soil identification

Soil map descripticn within experimental section: Rfs

Rubicon fine sand; light grey depressions and reddish
brown hummocks of sandy soils, with sorted sand parent
material.

An on-site investigation of the soil reveals a varved

clay with layers (1-2mm) of silt.



Adjacent topography and land use

Flat lands border each side of the drain with hay grown
as the principle crop.

Channel Geometry

Initial construction of side slopes: 2h:lv trapezoidal

Condition of side slopes before maintenance: Severely
eroded, continuous slumping along drain. Section
developing into a U-shape. Tension cracks present and
further degrees of failure evident, i.e. slab failure,

resulting in loose sediment at bottom of drain.
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Auger hole test

Depth From Grain Soil
Ssurface Analysis Classification

0-0.1m Top Soil

41% Sand
0.1m-0.9m 43% sSilt Loam
16% Clay

57% Sand
0.9m-1.2m 23% Silt Sandy Loam
20% Clay

15% Sand
1.2m-1.7m 41% Silt Silty Clay Loam
44% Clay

11% Sand

1.7m+ 39% Silt Clay
50% Clay

Hydraulic Conductivities

k1, for hole at depth 1.5m: 0.49 m/day

k2, for hole at depth 2.4m: 0.17 m/day

Remedial Measures

-100mm filtered P.V.C. tile drain was installed on both
sides of test section for approximately 150 m.

-Hand broadcast seeding of ditchbanks
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Experimental Site : Hammond Municipal Drain

Drain lLocation

The existing Hommond Drain is located in Lots 16 and 17
of Concession VIII and IX in the Township of Clarence.
The study section runs from County Road No. 21 to the

Canadian Pacific Railway.

Drainage area up to experimental section: 1200 ha
Watercourse length up to and including
experimental section: 4055m

Length of experimental section: 400m

Average channel grade over expurimental section:
0.06% with a drop structure within study

section.

Soil identification

Soil map description within experimental section:
Rfs-Sfs

Rfs-Sfs combination

Rubicon fine sand; Light grey St. Samual fine sand; Grey
depressions and reddish brown mottled sandy socils with
hummocks of sandy soils with sorted non-calcareous fine
sorted sand parent materials sand parent

material

An on-site investigation reveals 1.6m deep from surface
underlain with clay.

Adjacent topoqraphy and land use

Flat lands border both sides with a high recharge area
to the east, wooded area to the west and residential to

the east.




-~

Channel Geometry

Initial construction of side slopes: 2h:lv trapezoidal

Condition of side slopes before maintenance:

Considerable erosion on both sides due to piping of
soil. Sediment collected at base of drain. Rip-rap of
side slopes in adjacent 1locations has maintained
original condition. Grassed sideslopes downstream have

also resulted in stable sideslopes.

Side slopes after maintenance: 3h:1v trapezoidal

Auger hole test

Depth From Grain Soil
Surface Analysis Classification
0-0.1m Top Soil
96% Sand
0.1m=-0.9m 2% Silt Fine Sand
2% Clay
70% Sand
0.9m-1.5m 26% Silt Sandy Loam
20% Clay

12% Sand
l.6m+ 32% Silt Clay
56% Clay
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Hydraulic Conductivities

k1, for hole at depth 1.5m: 2.5m/day

k2, for hole at depth 2.4m: 0.35m/day

Remedial Measures

-100 mm filt-red P.V.C. tile was installed along both
sides of test section

rip-rap on stream bends

flatter slide slopes

hand broadcast seeds
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Experimental Site : Vars Storm Sewer Outlet

Drain Location

The study section of this watercourse runs in a
westerly direction west of Regional Road 33 and empties

into Shaws Creek.

Drainage area up to experimental section: 20 h
Watercourse length up to and including experimental

section: 1500m

Lergth of experimental section: 750m

Average channel grade over experimental section: 0.3%

Soil identification

Soil map description within experimental section: Ufs
Rfs Sfs

Upland fine sand; Rubicon fine sand; St. Samuel fine
Reddish brown 1 ight grey sand; grey mottled
loose, fine sandy depressions and sandy soil with

with sorted reddish brown sorted non -

non-calcareous fine hummocks of sandy calcareous fine
parent material soil with sorted sand parent

sand parent material
material
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Adjacent topography and land _use

Residental land north of the open drain and a wooded

area to the south.

Channel Geometry

Flat lands on both sides of drain.

Initial construction of side slopes: 2h:lv

Condition of side slopes before maintenance: Newly

excavated

Auger hole test

Depth From
Surface

0-1.0m

1.0m-1.8m

Grain
Analysis

2% Med.Sand

82% Fine Sand
14% V.Fine Sand
2% Silt

17% Med.Sand
74% Fine Sand
7% V.Fine Sand
2% Silt

Hydraulic Conductivities

k1, for hole at depth 1.5m:

k2, for hole at depth 2.4m:

Soil
Classification

Fine Sand

Fine Sand

2.3m/day

2.1lm/day
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Remedial Measures

-100mm filtered P.V.C. tile drain installed below ditch
bottom on both sides of drain

-Ditchbanks were hydroseeded

-Outlet of ditch bottom rip-rapped due to steep

gradient



Experimental Site : Lower York Municipal Drain

Drain location

The Lower York Municipal Drain is located in Concession
V and VI of the Township of Russell and is an outlet
for the York, Eadie Snyder Municipal Drains. The
section considered under this contract extends from the
County Road No. 17, Lot 11, Concession VI flowing in a

southerly direction to the Township Road, Concession

VI.

Drainage area up to experimental section: 1400 ha

Watercourse length up to and including experimental
section: 1500m

Length of experimental section: 400m

Average channel grade over experimental section: 0.04%

but with two drop structures along this section.

Soil identification

[ 24

Soil map description within experimental section: Cfsl
Castor fine sandy loam; Dark grey, fine sandy soils
with layered silt and fine sand parent materials.

On-site investigation revealed a clay lens 0.3m thick,
1.3m below surface overlain and underlain by silty

loam.
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Adjacent topography and land use

Land rises sharply on both sides of drain. North of
drain, corn is the predominant crop and to the south
general pasture land with wooded area.

Channel geometry

Initial construction of side slopes: 2h:lv

Condition of side slopes before mainterance: Cross
section developed into a U-shape. Ditch slopes were
exhibiting circular arc type failure. High seepage

forces were evident at base of drain with localized
slumping. Rill and sheet erosion were also observed.
Problems of erosion and slumping occuring predominantly

on south side.

Side slopes after maintenance:
North Streambank; Compound trapezoidal 3h:1v bottom
1 1/2:1v top

South Streambank; Parabolic
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Auger i.ole test

Depth From Grain Soil
Surface Analysis Classification

0-0.1m Top Soil

30% Sand
0.1m-1.35m 53% Silt Silt Loanm
17% Clay

14% Sand
1.35m-1.65m 26% Silt Clay
60% Clay

33% Sand

1.65m+ 51% Silt Silt Loam
16% Clay

Hydraulic Conductivities

k1, for hole at depth 1.5m: 0.77m/day

k2, for hole at depth 2.4m: 1.2m/day

Remedial measures

~100mm filtered P.V.C. tile installed along southern

bank for 300m
~Parabolic/Compound trapezoidal <cross section
constructed

-Hand broadcast seeding of ditchbanks

-2 drop structures installed along experimental section
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WATER LEVEL READINGS IN THE STREAMBANK

NORTH MORROW M.D.

115

WATER LEVEL MEASUREMENT TUBE
EVENT 1 2 3 4 Ditch h
W.L.

1 it ~No readings; —————

2 74 .09 74.20 74.60 75.02 73.75 .34
3 74.21 74.33 74.80 75.18 73.95 .26
4 7&.45 74.55 74.96 75.36 74.25 .20
5 74.32 74.40 74.80 75.20 74.00 .32
6 7;;15 74.25 74.73 75.13 73.70 .45
7 B 74.05 74.15 74.52 74.96 73.65 .40
8 73.96 74.08 74.45 74.86 73.60 .36
9 74.10 74.22 74.55 77.94 73.75 .35

W.L. = Water Level

h = W.L. measurement tube #1 - W.L. in ditch

All readings in meters above sea level

Events recorded in April 1983




WATER LEVEL READINGS IN THE STREAMBANK

HAMMOND M.D.

WATER LEVEL MEASUREMENT TUBE
EVENT 1 2 3 Ditch h
W.L.
1 62.74 62.65 63.08 62.33 .41
2 62.70 62.63 62.91 62.31 .39
3 55162 _65158 62.80 62.24 .38
4 62.55 62.52 62.70 62.20 .35
— — e
5 63.12 62.96 63.45 62.64 .48
6 62.84 62.68 63.25 62.24 .60
7 62.74 62.64 63.10 _g;.ZO .54
8 62.70 62.58 52.82 62.20 .52
9 62.60 62.55 62.75 62.20 .40

W.L. = Water Level

h = W.L. Measurement tube #1 - W.L. in ditch

All readings in meters above sea level

Events recorded in April 1983
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WATER _LEVEL READINGS IN THE STREAMBANK

All

readings in meters above sea level

Events recorded in April 1983

VARS S.S.
WATER LEVEL MEASUREMENT TUBE
EVENT 1 2 3 Ditch h
w.L.
1 75.35 n.r. 76.13 75.40 -.05
B 2 75.35 n.r. 76.12 75.40 -.05
‘b_*B 75.40 n.r. 76.21 75.42 -.02
h“~; 75?;4 76.15 76.96 75.85 .30
5 75.85 76.10 76.90 75.50 .35
6 75.80 76.01 76.75 75.40 .40
7 75.45 75.80 76.30 75.40 -.05
8 - 75.36 n.r, 76.20 75.38 -.03
9 75.30 n.r. 76.10 75.38 -.08
n.r. = no readings
W.L. = Water Level
h = W.L. Measurement tube #1 - W.L. in ditch
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WATER LEVEL READINGS IN THE STREAMBANK

ILOWER YORK M.D.

WATER LEVEL MEASUREMENT TUBE
EVENT 1 2 4% Ditch h
W.L
1 65.08 ice 65.76 n.r. 64.57 .51
2 64.94 ice 65.43 n.r. 64.50 .44
3 6;—.-86 ﬁice 65.20 N _n._r-.' 6“;4“8 N N.—B_;-
4 64.82 64.88 65.08  n.r. | 64.36 | .36 |
5 65.25 65.48 65.98 ??M —6—4.70 1 .45
6 65.10 65.32 65.8~5 n.r. k—6;.—5_5m‘ “ —’”ﬁ. 55
7 65.03 65.20 65.60 n.r. 64,52 .51
8 64.96 65.07 65.48 n.r. w64.50 .46
9 64.92 65.01 65.41 n.r. 6;_;; .43

* Watertable tube was placed in a depression and was submerged

throughout trial period.

il

n'r.

w' L.

Il

h =W.L.

no reading

Water level

measurement tube #1 - W.L.

in

All readings in meters above sea level

Events recorded in April 1983

ditch
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