
STREAMBANK S'.rABILITY IN OPEN CHANNEL 
DRAINAGE IN THE OTTAWA-ST. LAWRENCE LOWLANDS 

by 
Rob Mackie 

A Thesis 

Submitted ta the 

Faculty of Graduate studies and Research 

in Part laI Fuifillment for the 

Degree of Master of Science 

Departnent of Agricultural Engineering 

McCill University 

Montreal, Quebec 

September, 1988 



SHORT TITLE 

strearnbank Stability in Open Channel Drainage 



M.Sc. 

Interceptor tile 

Abstract 

Rob Mackie Agricultural 
Engineering 

drains were i~stalled along 

streambank~ on four experimental sites throughout the 

ottawa - St-Lawrence Lowlands in the fall of 1983. They 

were subsequently analyzed for their effectivpness to 

control streambank erosion. Various seed mixtures wcre 

applied to the streambank and evaluated for their 

performance against soil erosion. The mixture contai ning 

both a Iegume 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 aga inst eros ion, 

for both tiled and untiled streambank sections. 

It was calculated that basic force stabil i ty of the 

streamb~nk increased by as much as 33% in tiled strearnbanks. 

It was also discovered that seepage forces in certain 

localized areas along the strcambank could be reduccd by up 

to 60% during periods of high watertable. 
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Résumé 

L'installation de drains souterrains parallèles aux 

cours d'eau à quatres differents tronçons experimentaux 

s'est effectuée en automne 1983. Ceux-ci furent analysés 

pour leur efficacité par rapport à la dégradation des cours 

d'eau. 

Des di vers mélanges de semences ont été appl iqués au 

talus, puis une évaluation de leur performance contre 

l'érosion des sols a été entreprise. L'étude de 

l'ensemencement avec un ~ôlange de plantes légumes et herbes 

apparaissait comme le meilleur contrôle d'érosion. 

L'elévation de la nappe d'eau a été surveillée pendant 

les crues printanières, au moment que les talus sont 

particulièrement sensible à l'érosion, dans les sections de 

cours d'eau avec ou sans drains intercepteurs. 

Il a été calculé que le facteur de sté'lbil i té peut 

accroître jusqu'à 33% après l'installation d'un drain 

intercepteur. Il a également été constaté que la force de 

la fuite déperdition dans certain endroits sensibles peut 

être diminuée jusqu'à 60%. 
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- CHAPTER l 

INTRODUCTION 

1.1 Nature and Scope of Problem 

Current techniques in the design, construction and 

maintenance of open channel drains in the ottawa st­

Lawrence Lowlands appcar to be inadequate. Many rccC'ntly 

constrl!cted watercourses have been found to rcqu i 1'e 

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 arder to ùchieve the 

most cast effect":'ve and environmentally acceptable design, 

both in the short and the long term. 

This research will first consider the methodology for 

field soil investigations in the more unstable soils and 

secondly, analyze remedial measures in the control of 

streambank erosion in the problem soil. 

1 
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1.2 Demonstratjon Sites 

Several demonstration sites were selected through 

contact with local consultants, government officiaIs and 

from past experience w i t:l unstable soils. These 

demonstration sites are located in the eastern Ontario 

region, as shawn in Figure l, and have exhibited sorne form 

of streambank instability at sorne stage of their lifetime. 

visual identification and ("lassification of the soil 

was carried on at aIl demonstrations sites. On selected 

locations, notably 

and soil testing 

experimental si tes, further monitoring 

techniques were performed to aid in 

identifying unstaole soils. 

Generally, the experimental sites involved the 

installation tL water table tubes to monitor the position of 

the water table during the spring freshet, detailed soil 

analyses to determine soil composition, hydraulic 

conductivities for soil permeability and soil strength 

mcasurement to determine the soil's weakest state. 

RemediaI measures were evaluated based upon their 

contribution against streambank failure and form part of the 

analysis .... ithin the experimental and observational sites. 

Interceptor tile drains parallel to ditch banks were 

installed along the ditch banks of the experimental sites to 

reduce scepage forces and weight of water in the streambank. 

2 
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The observational sites provided further insight into 

sorne of the causes and actions of sorne of the pervasivù 

erosion and sedimentation. Seeding of various vegetal 

mixtures was the only rernedial measure appl ied to the 

observational site. 

3 



4 

DEMONSTRATION SITES 

WATERCOURSE MAP LOCATION PREDOMINANT 
WITH REFERENCE SOIL TYPE 

TO FIGURE 1 

EXPERIMENTAL SITES 

North Morrow 1 Varved clay 

Hammond 2 Fine sand 
over clay 

Lower York 3 Silty loam 

Vars 4 Fine sand 

OBSERVATIONAL SITES 

Cumming 5 Clay with 
sandy ppases 

Labreche 6 Fine sand 

Millette 7 Fine sand 

( 
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1.3 Objectives 

The objectives of this study were to 

i) Jeterrnine the nature of the problern soil 

ii) det~rrnine the causes of strearnbank failure 

iii) observe the process of strearnbank erosion 

iv) evaluate the effectiveness of applying remedial 
measures to the streambank vis-à-vis their 
contribution ta streambânk stabllity 

6 
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CH~.PTER II 

REVIEW OF LITERATURE 

2. STREAM BANK STABILITY 

6.1 Pedology of study Area 

The predominant soils of the region in question are 

~ighly variable over relatively short distances. They range 

from a thin layer (about lm) of stony glacial till over 

limestone and shale beàrock, to deep clays deposited in the 

marine environment of the Champlain inland sea during the 

retreat of glaciation. From the western part of the ragion 

eastward, materials ranging from coarse gravel ta clay ware 

deposi ted in fn:sh water over the marine clay dur i ng the 

retreat of the Champlain Sea. Many of the near-surface clay 

deposi ts are varved. This common occurrence in gl (le io­

lacustrine deposi ts resul ts in the laminae of al tarnating 

fine and coarse materials, each pair represcnting dcposits 

of a single year. The double band is commonly only a couple 

of centimetres thick, but sorne pairs are several times this 

thickness. 

7 
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Al though surface rel ief is signi ficant 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 grèdients and high watertables that 

open channel outlet drains suffer most from severe erosion, 

rotationa l sI umping and sedimentation, most of wh ich occur 

in the period during and immediately following the annual 

spr ing snowmel t and runoff. A number of extensive outlet 

drainage channels have required reconstruction within three 

ycars of j ni tial construction as a resul t of this erosion 

and sedimentation. 

The glacial and recent ge0logical history of the 

st-Lawrence Lowlands is quite weIl known. Three soils or 

terrain situations exist in which most open channel drainage 

is constructed. These are: 

1) Till g:.ound moraine deposits 

2) C!":.<.:tm'?lain s(::~ marine clay plains 

3) Sand deposits of both alluvial and marine origin 

1) Glacial Till: Glacial till is found in many areas 

of the st-LavHence 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 sail and is usually 

covered by a clay or sand blanket. 

-
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2) Champlain Sea Clay: This is perhaps the most 

widespread sail type in the region and is fOUlld in 

lowland planar deposits. Two phases, a marine and 

an estuarine phase exist, which are geotechnically 

similar. 

3) Sand: Both alluvial and marine sand occur in many 

places in the study area, often overlying clay till 

deposits. The sand varies greatly in 

stratification, type, grain size distribution and 

thickness. 

9 
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( 2.2 Determination of Soil Partiele Characterization 

2.2.1 Grain-size Analysis 

The size, eharacter, and distribution of soil partieles 

have a considerable influence on the perrneability of a sail. 

The grain-size distribution test has been developed ta 

detcrmine the particle size gradation of a given soil, as 

weIl as the mass percent of the grains within a given size 

range of soil. These particle sizes are plotted on a 

logarithrnic scale, revealing points which will show the 

total mass percent of the partieles srnaller than given 

particle diamcters. 

For the purpose of experirnentation, the grain size 

distribution test, as outlined by Larnbe (1951), was 

followed. Briefly, it involved sieving with a square mesh 

through which particles wi th a diameter greater than O.lmm 

can fall. For particles less than O.1mm, the grain size is 

determined by the use of a hydrometer which operates on the 

basis of the sett l ing rate of the particles in a 1 iquid. 

The relation between the diameter and the speed of settling 

of a sphere is expressed by Stokes' Law. Any further 

information concerning i ts application m3y be obtained in 

any standard sail physics textbook. 

10 



2.2.2 Atterberg Limits 

The Atterberg Limi ts are generally referred to as the 

limits of consistency of fine grained soils on the basis of 

moisture content. These limits are the liquid limit, the 

plastic limit and the shrinkage lirnit. 

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 

liquid Ilmit is the moi sture content at which the soil 

changes from a liquid state to a plastic state. 

The experimental procedure for the At~erberg limits w~s 

conducted according to Lamue (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 ext&nsive laboratory time and equipment, it is 

not a very practical, rapid field solution. 

The hand test is a field method speci f ically des igned 

to provide a quick on-si te determination of soi] texture. 

In addition, soil texture may be quite localized, thcrefore 

a visual check at random locations WQuld be more desirable 

because many more samples can be characterized in a given 

11 
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time. 

The analysis as outlined by the Ministry of Ontario, 

Transportation and Communication (1977) was followed, which 

involves selecting a small sample of soil and placing it in 

the palm of the hand. The sample is continually wetted 

until a baIl 1-2cm in diarneter is formed. Once a rnoist 

sphere has been reached and rnaintained throughout the test, 

the soil rnay be classified according to three basic textures 

1) Sandy loarn, loarny sand 

2) Sil t loarn, loarn 

3) silty clay loam, clay loam. 

12 
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2.3 Causes of Strealnbank Failure 

Before discussing the types of streambank failures which 

exist, the causes must be first identified. In gcneral, 

most failures are caused by groundwater and seepage wi thin 

the soil itself. These failures can be classified into one 

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

1. Failures which take place when soi l t:orticics 

migrate to an escape exit and cause piping or 

erosional failures; 

2. Failures which dre caused by uncontroiled sccpage 

pat-terns that lead to saturation, internaI 

flooding, excessive soil uplift, or excessive 

seepage forces. 

In bath cases, the causes of instability resuit in a 

decrease in sail strength or an increase in soi l shcar 

stress. Below is a modi f ied table developed by Sowers and 

Sowers (1970) which lists the major contributions to 

increased stresses versus decreased strength in a 

streambank. 

13 
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TABLE 2 

Causes of Increased stress 

1. External loads such as 

water or snow. 

2.Increased unit weight by 

increased water content. 

3. Rcmoval of part of mass by 

excavi'ltion. 

4.Undermining caused by 

seepage erosions. 

5.Tension cracys. 

6.Water pressure in cracks. 

Causes of Decreased strength 

1.Swelling of clays by 

absorption of water. 

14 

2.Pore wat~r 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 

Gravit y is the major force in producing fail\.lre whi le 

the shearing strength of the soil is the major [oree in 

resisting failure. There are three major forms of slope 

failure in coh~sive soils, as described by Sowers & Sowers 

(1970) and illustrated in Figure 2. A base fai l ure occurs 

in cohesive soils such as the soft clays with numerous soft 

seams. They arc initiated by the formation of t0!1S ion 

cracks at the top of the slope, and subsequently fol1owed by 

a shear fail ure along a slip l ine, resul t ing in a sI ump l ng 

of sail mass at the foot of the slo{Je. A toe fail ure is 

more common in a steeper cut with a higher dcgrcc of 

internaI angle of friction. A special case which Gcoms 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. 

face failure 

';1 base failure 

-------
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, i ts appl ication i5 1 imi ted to the 

sandy or highly permeable soils with a low degree of 

saturation. Further, soils are elasto-plastic, exhibiting 

strain prior to failure ~long a slip line progressively, as 

opposed to simultaneously at aIl 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 sail mass, either by surface 

infiltration or rise in water table, and by seepage pressure 

in the sail mass. As the water content increases beyond 

sorne 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 clcavage 

planes, reduce the overall slope stabllity by d0crcùsing the 

cohesion which can be mobilized along the upper pdrt of the 

potential failure surface. Water infiltration from the soil 

surface into the surface crack also increases the porc wùter 

pressures acting on the failure surface. 

In their analysis, Bradford & Piest (1977) further 

established a field network of tensiomcters and piczornctcrs 

in relation to a vertical 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 toc of the 

slope, leaving an overhang which eventually slumped into the 

trench. The appl ication of Bishop 1 s Method of SI ices, 

(Fellenius, 1939) for a circular arc toe failure was 

inconclusive in calculating a factor of safety since the 

"pop-out" effect is 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 

stabil i ty. The maj or fa ilure modes are the deep seated 

circular arc toe failures which were found at the relatively 

low angle banks sorne distance downstream of a headcut. Slab 

failures were observed downstream from a headcut on stecp 

17 



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 strearns with 

drainage areas less than 2000 ha, ice generally is not the 

maj or cause of bank erosion. However, the ice effect is 

beyond the scope of this study. 

18 
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2.5 Stability Analysis 

In analyzing stability in cohesive sojls, Bishop's 

Method of Slices is used to calculate a factor of sa fety. 

If a sail is ta fail, then the surn of aIl the forces tending 

ta produce failure, that is the weight of sail and weight of 

water, are greater than the surn total of the res] st i ng 

forces, that is the shearing strength of the soi]. 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 sa fety factor, would 

fall below uni ty 1 and the streambank would be expected ta 

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. Speci f ically, the Circle 

Moment Method has its normal force and water pr~ssure vector 

19 



perpendicular to the slip line and parallel to the radial 

vector. This results in the elirnination of the resisting 

moment forces of water pressure and friction along the slip 

l ine. However, when approaching saturated conditions, that 

is for ttlorst case conditions, the soil begins to sl,oJell. 

Thus a shearing strength can be represented almost as 

closely by a constant value as i t can by sorne form of 

Coulomb's law with strength varying linearly with normal 

intergranular soil pressure. This produces a negl igible 

internaI angle of friction, or ~=oo, 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 soil under certain conditions, Coulomb's 

la", rnay be applied. As shown in Figure 3 below, the 

abscissa of this graph represents the effective normal 

pressure whlch is the intergranular pressure on the failure 

plane. For granular soils, the effective pressure is 

calculated as the tc...'tnl pressure minus pore water st reBS. 

The ordLnate plot is a measure of the shear strcngth. 

.. 
oC 
~ 
bO 
~ 
Qi 
1-4 
~ 
tIl 

1-4-r-

m Ce 

J 

~-L L ______________________ _ 

effective pressure. ~e 

FIGURE 3 

Coulomb 
cmpcri ('al 

f ft ting 

The straight line which can be produced from the given 

envelope may be represented by an empirical equation in the 

forro 

--CD 

21 



22 

in which ce and ~e are the effective 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 ~e are not constant properties 

for a soil. They may vary quite substantially with such 

factors as soil density and water content. 

The di.~':Jrarn in the fOllowing section shows the 

application of the soil strength the ory to the stability of 

a plane slope. 

2.5.2 Modified Bishop's Method of Slices 
o 

2 -_ .......... ~- 1 

FIGURE 4a 

A slip circle centered at 0 is assumed and the moving 

soil bank sectioned into slices l, 2, 3, etc. The 

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



weight of slice W = YtA (If the total density Yt is not 
homogeneous, ie; sample sliee is both 
unsaturated and saturnted, then 
calculate areas using 16ookg/m3 and 
2000kg/m3 respectively) 

o -Driving moment clockwise about point 0 
Md= R Wsin a 

-Resisting moment taken counterclockwise 
Mr = R ( C' L + (Wc os a - u L) tan t>') 

FIGURE 4b 

23 

When the driving and resistinq moments are summed for 

aIl sljces and divided to obtain the safety factor, then 

S.F.=~ Mr =E CiL + (Wcos a - uL) tan AI 
L Md I: (Wsin a) 

where - L =length of arc segment 
u =water pressure 

-0 

=Ywhg and h=head of water measured from 
the top of the water table 
for that sI ice 
Yw=density of water 
g=gravity 

~, =effective internaI angle of friction 
C' =effective cohesion 
W =weight of soil sliee 
a =angle subtended by trial radius from the 

vertical to the arc centre. 



2.5.3 Circle Moment Method 

r-- X pr--
1 

1 
1 

FIGURE 5 

The resisting force is provided by the shear strength. 

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

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

resisting moment is: 

The driving moment is provided by the weight of the 

water and soil. If the total weight acting against the 

resisting force, is taken at its centre of gravit y , as shown 

in the fjgure 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 
Driving Moment 

= CR
2 e = lise wx 'tH -0 

Here, H is the slope height and Ns is callcd the stabi 1 i ty 

factor. Graphs or tables of Ns havû been calculated for the 

critical failure circle (srnallest safety factor) for each 

slope angle, and are provided by'raylor (1948) or Scott 

(1963) and in other textbooks. 

25 



2.6 Methodology of Sail Strength Measurement 

Soil strength parameters may be determined through 

laboratory or field tests. The former may be ei ther by 

compression tests or djrect shear tests. Testing procedures 

for both these methods may be found in standard civil 

engineering books. Turnbull (1948) performed direct shear 

tests on satur;~ted and unsaturated sampI es of loess soil. 

His findings showeù a large amount of consolidation and 

resul ting scttlement as the loess became saturated. This 

seoms to be representative of the "pop-out" effect as 

observed by Bradford and Piest (1980). 

Lutten (1969, 1974) used unconfined compression tests 

and bath unconso1idated and consolidated undrained trjaxial 

tests to obtain shear strength data for a Vicksburg loess. 

Tests produced varying results. The consolidated test 

revealed a breakrtown of the sail structure resulting in 10ss 

of cohesion. A relationship between degree of saturation 

and shear strength was observed, with the increase in degree 

of saturation being accompanied by a graduaI decrease in 

strength. 

This theory may be further reinforced by Raghavan et 

al. (1975). Sail samples were tested for shear strength, 

and bath the coefficient of cohesion and internaI angle of 

friction were plotted versus moisture content. For various 
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indices of plasticity, different relationships were 

observed. However, a similar pattern was noticed rcgardless 

of the index of plasticity in that at sorne moislure content 

there appeared to be an optimum point of shcar st n"l1gth. 

Beyond this point, however, soil shear strength dccrcased 

with the increase in rnoisture content. 

There was one maj or problem which arose for aIl cases 

when solving for shear strength for high dcgrces of 

saturation. The curves developed by Raghavan g_'t._éÜ~ (1975) 

were obtained by the direct shcar box tcst. Whcn testing 

for shear strength of a saturated soil sample under any 

applied load, water is allowed to scep out of the sample, 

thus reducing its effective moisture cont.ent and not 

providing a true undrained shear strength. For this rcason, 

i t is preferable to test soi 1 strength in the field, rather 

than in a laboratory, from the point of view of economy, 

time and preventing disturbance to ln-situ soil structure. 

Lohnes and Handy (1968) used a recently developed 

device, the Iowa Borehole Shear Tester, to determine in-situ 

drained djrect shear strength in boreholes drillcd into 

di.tch 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 be!?n sclcctcd for 

soil testing in this study will be covered in more detail in 

the following section. 
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2.7 The Shcar Graph and its Application 

The Sheer Graph is an instrument designed ta determine 

a soil 's in-situ effective cohesion and angle of internaI 

friction. These two parameters are representati ve of the 

sail' s shear strength. The operation consists of manually 

applying an axial load on the cylindrical device followed by 

a twisting motion. The torque is appl ied until a maximum 

res.i sting force, denoted by a shear failure of the soil, is 

achieved. Figure 6b illustrates the Shear Graph. 

The shpnr strength of the soil and th~"! corresponding 

normal strength are shown by a pen marking on a graphe This 

procedure is repeated for various applied laads until a 

number of points have been establ ished ta draw a straight 

line. Extrapolating this straight line to the Y-axis, or 

shear stress line, will give the soil's effective cohesion 

shear strength. The angle which i t makes with the 

horizontal, or normal stress line, is taken as the internaI 

angle of friction for that sail. A sample graph is 

illustrated in Figure 6a. 

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. 
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2.8 Groundwater Seepage 

When an unbalaneed water head occurs, as in the case of 

a 10aded strcambank with little stream f10w, water is driven 

through the soi1 rnass frorn a region of high pressure to one 

of 10w pressure. Energy, expressed as head, is described in 

three forms: pos i tion, pressure and veloei ty head. In 

soi1s, the resistance to flow is so great, that the veloeity 

head is assumed to be negligible. 

The flow of water through this variant of energy is 

best deseribed by Darey' s law which expresses the seepage 

quanti ty as a function of the hydraul ic gradient and the 

hydraulie conduetivity over the total cross-sectional area 

normal to the direction of flow. 

Q = KiA 0 
where Q = discharge m3/sec 

K = hydraulie conductivity rn/sec 

i = hydraulie gradient rn/m 

A = cross-seetiona1 area m2 

The hydraulic conductivity, K, is defined as the water 

of flow per uhi t 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 lines which are lines 

indicating points of equal head. In 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 s~me during 

seepage and lastly, that the coef f ic ient of pcrmeab i 1 i ty 

remains constant at aIl points and in any direction at dny 

point (i.e. a hornogeneous isotropic rnaterial). 

This criterion is derived frorn 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. 

----10 
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Darcy's law indicates the cornponents of discharge in a 

two dirnensional flow to be: 

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

d(-K dh) + d(-K dh) 
l dxt { dyl. = 0 

dx dy 
--10 

and, where K is the constant perrneability for a homogeneous 

jsotrop~c soil. The more common form known as the Laplace 

equation can be developed as shown below. 

T 

\ 

\ 
\ 

--0 

flow channels 

\ \ 
\ L/\ ,.... 
\ \ ---\~eqUiPotential drops 

FIGURE 7 
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- 2.8.2 Flow Net Construction 

Flow l ines combin'2!d wi th equipotential 1 ines forrn a 

pattern called a flow net. A number of flow channels, Nf' 

are selected so the f10W through each, q, is the same. The 

total net head, h, is divided equ~lly so that the 

equipotential drops, Nd' are the sarne when W = L for each 

flow compartrnent. 

q = Q ---f1o'\ 
Nf \j' 

--@ 

The hydraulic gradient is given between successive 

potential drops by 

i = h' -l. = -1L 
L NdL 

sa 

Q = qNf 

= KWNfi 

= Rh!!f ® Nd 

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 Canductivity Measurement 

Ta measure the hydraulic conductivity of sail below the 

water LabIe the single auger hale method (Van Beers, 1958) 

is applied. Generally, the auger hale method is a field 

measurement which involves boring a hale ta a certain depth 

frorn the soil surface and water table. Once the water in 

t.he bore hale has rnaintained an equilibrium with the 

surrounding water table, a certain amount of water is pumped 

out of the hale. The rate at whieh the water seeps baek 

into the hale can be ealeulated ta àetermine the soil' s 

hydraulie eonductivity. The procedure is carefully outlined 

in a bulletin released by the International Institute for 

Land Recla~ation and Irnprovernent, Netherlands (1979). 

The auger hole method assumes the soil to be isotropie 

and deterrnines the average permedbility of the sail layers 

from the top of the water table to the bot tom of the sample 

hale. Ideally, rneasurements sho'..lld 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 increase sail 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 soil watcr potentials 

can rise to zero, regardless of vegetation. 

When vegetal coyer 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 veloci ty 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 coyer with good stand and relatively 

deep penetrating root system will supply a high resistance 

to scouring. Grass roots help ho Id the who] e bank surface 

together as a unit and thus dist~ibllte the forces and the 

tendency for erosion at the lower part of the bank. 

However, if the bank is too steep, a slip circle failure can 

occur to a depth bplow the root zone and cause a slumpjng of 
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the whole bank. Thus, vegetation should be considered to 

prevent sheet erosion and to provide sorne additional 

insurance against bank failure, but it cannot be expected to 

ho Id a bank as originally designed if the bank is too steep 

for basic force stability. 
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CHAPTER III 

OBSERVATIONS AND EXPERIMENTAL DESIGN 

3.1 Observed Erosive Phases on a St~eambank 

Before test procedures were established, general 

observations were made of the nature and features of 

watercourse bank instability. Open channel drains 

constructed in unstable soils generally dcmonslratc a 

similar pattern of streambank erosion. An order of cvcnts 

is illustrated 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 strcombank. 

Figure 8a depicts the forces ta 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 ra i ndrops 

disturbs the structure of the surface layers of the di tch 

bank. Flowing water in the channel during a runoff event 

loosens and detaches soil particles along the wetted surface 

of the di tch bank when the resistance of the soj 1 is 

exceeded by the hydrodynamic shearing force of the water. 
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AlI these erosive forces are conducive to strearnbank 

instability and produce a loss of strearnbank material. 

Figure 8b illustrates the effects of these erosive forces. 

In sections of open channel drains where water veloci ties 

are high 1 scour ing at the base of the drain resul ts. This 

renders the streambank less stable in basic force stability 

as it increases the effective local bank slope angle. In 

addition, overland runoff can create concentrated rills 

a] ong 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. 

Sorne of the most destructive forces which can produce 

bank instabil i ty are those associated wi th inlernal soil 

seepage. In homogeneous clays, these forces are contained 

by the internaI strength of the soil, known as cohesion, and 

hence lead ta no unstable effeet. In sands, however, a high 

water pressurE: creates a boiling or quicksand effect, and 

the 501 l loses i ts strength and sloughs into the channel. 

The more comman type of failure in the sands is this piping 

effect due ta seepage. 

In sorne cases, slumped ditchbank rnaterial will rernain 

as an obstruction jn the open channel when the sediment Ioad 

exceeds the transport capaci ty of the channel flow. This 



-

~---

condition usually gives rise to continuaI problems as the 

slumped rnaterial acts as an obstruction and deflects chdnnel 

flow into the side of the ditch bank, further scouring and 

eroding the streambank. 

Tension cracks develop in a cohesive sail and are 

usually initiated during wetting and drying cycles upon the 

swelling and shrinking of the soil. Once these openi ngs 

have been established at the berm of the ditchbank, 

subsequent failure may follow during wet periods whf'n the 

weight of the ditchbank increases due to wdter infiltration 

and internaI soil strength decreases. Failurc of the 

di tchbank will act al( ng a slip 1 ine of ] east res i stance, 

and will be compounded by the tension cracks which prov ide 

an escape route for surface runoff. 

In times of heavy precipitation, water runs down t.he 

tension crack further reducing the resistance of the soil. 

This process will lead ta slumping as shown in Figure Be. A 

combination of bed scouring and saturated weight of the soil 

mass results in slumping of the ditch bank material along a 

slip line whjch runs from the berm of the watercourse ta the 

base of the ditch. This slumped material will remain in the 

ditch bottom until another runoff event takes place. 

The continuaI effects of seepage forces, repeated 

saturationjunsaturated cycles of the sail and high channel 

velocities, will resul t in further scouring of the soi 1 

material, as shown in Figure 8d, allowing for rcpcated 
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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 

parabol ic shape, and is diplayed in Figure 8e. At this 

point, the erosion and sedimentation processes will have 

decreased considerably, but large quanti ties of soil have 

already been lost and may be deposited sornewhere downstrearn. 

l 

( j 
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3.2 Experimental sites 

The experimental sites, through contact with 

con::. ùl tants, government officiaIs and from experience were 

selected based on their history of having exhibited 

streambank instability at sorne stage in their lifetimes. In 

particular, four experimental sites were chosen for closer 

moni toring and soil tes~ ing to further character i ze the 

unstable soi 1. These 5 i t'.!s had demonstrated, and were sti Il 

demonstrating severe streambank slumping and erosive 

conditions, indicative of the modes of erosion discusscd in 

section 3.1. As such, they provided an excellent resource 

in establishing an unstable soil analysis. The experimental 

sites are aIl located in the eastern ontario - st-Lawrence 

Lowlands and are representative of the major sail groups in 

the eastern ontario and western Quebec region. 

Of 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 scwer 

outlet aIl underwent extensive sail testing to determine 

their instabili ty characteristics. The exper imcnta 1 si tes 

are described in Appendix "Ail, 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 \\ater table may be ] ocated far below the ditch 

bottom. 

The former case 1.S of interest from the points of view 

of groundwater seepage and the gravitational force of water 

in the 8treambank. 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 sail can ri se to 2ero. In this 

instanc":., aIl the major tLJr-r:es acting towards streambank 

fatlure 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 1 s weakest state. The readings are tabled in 

Appendix "B". 

In determining unstable conditions relative to water 

, evels in the sail, aIl 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 1 evel 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, nnough points could be generatcd to interpolate 

a phreatic 1 ine from a distance where the water tabl e 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 \'lere dependant on the depth and location of the 

interceptor ti le dra in as descr ibed in sect ion 3.3.5, nnd 

varied from si te to site. In general, however, the watcr 

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 tube and the interceptor drain. The th i rd 

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 length with an inside 

diameter of 19mm. AlI tubes were perforated w i th 6. 5mm 

diameter holes punched at regular intervals along the length 

of the tube, enabling the soil watcr to enter frcely. A 

fil ter cloth wrapped around the tube prcventcd the enlry of 

sand partiel es 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 dlscussed in section 2.8.3, 

was foll owed. To determine whether a soil is potentially 

unstable, hydraulic conductivity measurements were conducted 

using boreholes at dlfferent depths. For instance, a 

layered soil with two distinct soil layers would resul t in 

two different magnitudes of hydraulic conductivity. If the 

hydrau 1 ic conduct i vi ty of the dec:per borehole is in the 

range of a few cm/day while the hydraul ic conducti vi ty of 

the shallower borehole is in the magnitude of a few metres 

per day, th en there is a potential for the formation of a 

pressure head over the deeper layer. This produces high 

seepage forces actin; along the layer interface and 

groundwater flow towards the outlet channel will occur, 

especinlly under spring conditions when adjoining lands 

rcma i n saturated for an extended per iod 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 determini ng the sail' s hydraul ic conduct i vi ty, the 

single auger hale method, as described in section 2.8.3, was 

followed. In each case, three bore holes were dug for each 
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experimental site in close proximi ty to the streamb.:mK to 

best determine actuai seepage conditions. Borehole depths 

were dependent on the texturaI change of soil as the Cilse 

may be, but in generai they were 1.5m deep to determine the 

upper hydraulic conductivity, KI' and 2.4m deep to determine 

the lower hydraulic conductivity, K2' The soil type and 

variability of hydraul ic conducti vi ties determi ncd the 

spacing of test holes. Measurements are to be conducted 

under conditions of high water table. 

measurements were taken in the spring. 

In this case 

The resui ts lire 

included in Appendix "A" under each watercourse deser iption. 

3.3.4 Soil praperty identification 

3.3.4.1 Soil survey maps 

Soil survey maps have beell developed by the 

Department of Soils, ontario Agricultural College, 

Guelph and the Research Branch, Canad ian Dcpartment of 

Agriculture. From an agrarian point of view, they 

provide a detailed analysis of the surface soil texlure 

on a large scale. The maps are primilriIy used as a 

quick reference guide in aiding the designer as ta 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 aIl regions in eastern ontario and western Quebec, 

but is limited to the top metre or 50 of depth. As an 

unstable sail may be a result of mlllti-layered soils, 

further field investigation is required to ~roperly 

assess the underlying soils. 

A separate description of the sail 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 hale test 

Many drains are designed on a visual examination 

of the sail surface. However, in many of the problem 

soils, further investigations below the soil surfacp 

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 arder ta 

produce a soil profile. The test holes were dug at 

standard spacings and specifically in arens adjacent ta 

local ized sI umping and erosion to determine if indeed a 

change in soil texture cxists. 

As the holes were being bored, soil was removed 

from the tip of the auger and examined. At this point, 

the soil snmple is carefully inspected. Thin layers of 

sail may be extremeJy difficult ta detect but could be 

quite signif:cant from the point of view of 
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instability. 

To develop a soil profile, soil samples were 

extracted from the auger tip, rneasured from the soil 

surface, tagged for location, placed in plastic bags 

and returned to the laboratory for further testing. 

3.3.4.3 Grain-size analysis 

The soil 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 sampI es 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 classi fication system. 

Each soil sample for each experimental site which \iv'as 

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 graphe 

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 aIl the experimental sites. rrhese 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 

m<lximize the lowering of the water table adjacent to the 

slope but high e~ough to ensure adequate outlet conditions. 

In aIl 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. Dm from the surface. The interceptor 
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tiles were lOOmm diarneter perforated corrugated tube wrappect 

with filter rnaterial, with lengths of up ta 175rn depending 

on the experimental site. Average distance of the t i le 

drain from the di tch bank was approximately 2m. This 

distance is governed by the track width of the trenchless 

p1ough. 

Water table rneasurement tubes, as described in section 

3.3.1, placed perpendicular to the ditch, made possible an 

evaluation of the water table during critical oeriods of the 

year. By closely monitoring the fluctations of the wilter 

table along the ditchbank, the effectiveness of the ti le 

drain in reducing seepage and water content in lhe 

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 ta the 

water content, it is necessary to compare this bchaviour ta 

a set standard. The Atterberg 1iInits define thcsc critical 

l irni ts between water contents for cohes ive or fine gra i ncd 

sail, when sail may bahave in a different manner. 

To obtain the 50i1's sh~ar strength, the soil 's 

cohesion and intergranular angle of friction were determincd 

as a function of moistule content using the shear graphe 

These strength measurements were used in correl at ion wi th 

the di tchbank 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 SI ices or the Circle Moment Method. The 

latter method, as described in section 2.5.3, assumes a 

satur?! ted fine textured soil to have a negl ig ible internaI 

angle of friction. 

Raghavan, ~Lal. (1975), developed cohesion curves as a 

funct ion of moisture content for various soil types. 

Clearly, these curves indicate that beyond sorne 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 50i1'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 rnoisture content. 

Shear graph measurements were conducted at randorn 

locations along and u}) and down the strearnbank and at 

various depths. Due to the nature of the device, accurate 

rneasurements of soil shear were only made ta 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 

AlI of the experimental sites were seeded with various 

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 

ar.d continuously. 

Seeding generally will be most successful if carried 

out in late spring or late summerjearly fall. 

Specifications normally recommend seeding within a 24 hour 

period after excavation of ditchbanks, to obtain desirable 

moisture conditions. 

AlI the experimental sites were hand broadcasted in the 

late summer of 1983, wi th 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 appllcd to the 

streambank was 60kg/ha as recommended by the Ontario 

Ministry of Agriculture and Food Field and Crop Gujdc, 1984. 

A heavier concentration was applied to the Millette 

Municipal Drain due to a change of seeding eguipment. It 

was calculated after the seed was broadcasted on the 

streambank that 70kg/ha had been applied. 

Ease of establishment and tirne required to develop a 

53 



54 

protecti ve 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 sail are the principal factors which 

determine the specie or preferable mixture. However, there 

are local conditions which contribute ta the selection of a 

vegetal lining for a ditch bùnk. In 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 
Seeding of Seed 

NORTH May 1984 60 kg/ha 
MORROW 

f-- -

LOWER May 1984 60 kg/ha 
YORK 

f--

HAMMOND May 1984 60 kg/ha 

-

LABRECHE May 1984 60 kg/ha 

--

CUMMING May 1984 60 kg/ha 

MILLETTE May 1984 70 kg/ha 

----
Seed Mixture ap 

randorn locati 
pl ied on 
ons 

----
0-100 ln 1 

100-200 m 1 

200-300 m 1 

---

0-100 m 1 

100-200 rn 1 

200-300 m 1 

--------
0-250 m 1 

0-250 m 1 

---

Entire Length 1 

all branches 1 

- ------- --

0-200 m 1 

200-275 m 1 

275-500 m 1 

---
0-1000 m 1 

AI Both 
CI sides 
DI 

CI Both 
El sides 
AI 

DI East 
B.1n'< 

AI West 
Bi1nk 

CI Both 
DI sidcs 

BI Both 
1\ t sidcs 
CI 

DI Both 
sidcs 
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SEEO MIXTURES TABLE 4 

Forage Mixture Compone nt %Seed 
-------

'A' FAIRWAY 1 40 
TIMOTHY 40 
WHITE CLOVER (DUTCH) 10 
ALSIKE 10 

'B' FAIRWAY 1 75 
ALSIKE 12.5 
WHITE CLOVER (DUTCH) 12.5 

'c' 2 BIRDSFOOT TREFOIL 3 40 
RED FESCUE 60 

--- -
'd' Fl\IRWAY 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 
KENTUCKY BLUECRASS 
WH l TE CLOVER ( DUTCH) 
RED TOP 
COMPANION CROP 

54% 
22% 
07% 
05% 
12% 

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

CREEPING RED FESCUE 
PERENNIAL RYE GRASS 
WILD WHITE CLOVER 
BIRDSFOOT TREFOIL 

55% 
28% 
09% 
08% 

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. 

3. 

Field and Crop Guide, 1984. 

For a legume such as Birdsfoot Trefoil, an innoculant at 
227g per 25 kg of mixture is required. 
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- CHAP'fER IV 

RESULTS ÀND DISCUSSION 

.:4 • 0 Streamb~Jnk stabil i ty 

A soil rnay not necessarily be categorized as unstable 

based on a texturaI classification. In many of the 

sideslopes designed as safe, streambank failures result duc 

to a condition of the soil. This implies that this 

condition be reached at sorne critical point whcn the 

shearing or resisting strength of the soil i5 exccedcd by 

the driving or gravitational force of the sail mêl5S of the 

ditchbank. However, it would appear that a number of soil 

types are more prone to these critical conditions which lead 

ta streambank colldpse. 

Streambanks are at this weakest point during periods of 

prolonged we;-ness, when matric potentials in the soil can 

rise to zero. Accordingly, each of the four experimental 

sites were monitored over d period of 20 days during the 

spring thaw of 1984. A total of 9 readings were obtained 

and are tabled in append ix "B". 

To determine which of these readings represent the 

worst case conditions, there must a point during a runoff 

event when the di fferential head between the watertable in 

the strearnbank and stage height in the di tch is at a 

maximum. During a runoff event, the watertable in tr.:::: 
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streambank will rise with the water level in the 

watcrcourse. At the peak stage height, the water level jn 

the di tch will equal the watertable in the streambanJe 

Under thcse 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 

strcambank from collapsing. 

In most cases, however, once the runoff event has 

peakcd, the stage height in the watercourse will drop much 

faster than the water level in the streambank. The r€sul +_ is 

that. the neutral s1_ress within the slC'pe cannot acljust 

itself to the new water level in the ditch, thus creating an 

imba]ance of pre~;sure on the streambank. This condition lS 

termed drawdown ard is common in a wa tershed w i th short 

times of concentratio~, when the stage height in the 

streambank fI uctuates rapi dly. It is at this point that 

calculations were made for worst case conditions. 

In the following section each experimental site is 

di scussed separately on the effects of lowering the 

streambank' s water table wi th the introduction of an 

interceptor tile drain. By developing flow nets for both 

tiled and tmtiled sections as described in section 2.8.2, 

seepage forces actinq against the streambank can be 

.f 
~ 

calculated. To compare both tiled and untiled cases under 

similar conditions, a slip line was first developed for the 



worst case condition in the untiled strearnbank. 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 strearnbank J to the water level in the 

di tch. This circular arc was then superimposed onto thE' 

tiled stre3rnban( sect ion. At this point, both scepage 

forces as 
. , 

described in section 2.8, could then be 

calculated. 

The following flow net diagrarns for each experirncntal 

site, bo":'; tiled and untiled sections, illustrate the flow 

channels in bl ue wi th arrows pointing in the di rect ion 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 

realignment 

te·.,ting as 

purposes. 

it had 

previously undisturbed soil for 

The site was chosen for remedial 

demonstrated frequent sloughing of 

strcilmbank material into the wat2rcourse. Two drop 

structures were installed along the test site prior to this 

analysis due to the high channel velocities. There was one 

signi f icant bend in the watercourse resul ting in channel 

flow being redirectC'd into the di tchbank causing unusual 

scouring at the toe of the slope. 

The modes of erosion discussed in Section 3.1 exey>_ify 

the Lower York's streambank erosion. The high spring flows, 

undercut the ta€! of the slope and steepened the streambank. 

High surface runoff had created rills and gullies down the 

streambank face. High water tables coupled \1i th freezing 

and thawing, wetting and dry ing cycles, led to tension 

cracking at the berm of the streambank. 

An auger hale 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 sail. The hydraulic 

conductivity was difficult ta determine due to the thickness 
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of the clay lens, but was neverthel~ss sufficiently low to 

create a perched water table above the clay lens. 

The adjacent topo~raphy surrounding the watercourse was 

steep resul ting in increased surface runoff êlnd greater 

seepage forces along the streambank. Evidence of these high 

seepage forces were the fine soil particles observed sceping 

out above the clay lens along the face of the strc,lmb,lnk. 

To reduce the seepage forces and thus lower the wilter 

table, a t i le interceptor dra in was i nst.,ll ed (\ long the 

ditchbank. Due to the variation of the dl'pth of the cl ay 

lens, the interceptor tile was inst:alled 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 eut 

above the tile drain as created by the trenchless plough. 

It was assumed that the silty loam under silturnted 

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 ta dra i n through ta 

the interceptor tile. 

As shawn in Table 5, the seepage forces are mu ch 1055 

than the other watercourse. This is due to the confined 

slip circle taken ta be above the clay lens where the fines 

were observed ta be seeping out. However, the installation 

of an interceptor tile drain appears most ef [ecU ve j n 

reducing the water table, as scepage forces under worst Cdse 

conditions were calculated to be 60% less than for (Jn 

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. Ini tial 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 

excavatpd banks as construction proceeded. To correct this 

problem, interceptor tile drains were installed on each side 

of the proposod ditchbank up to 2.0m below the soil surface 

and up to O.25J'Tl below the ditch invert. This removed the 

cxcess water in the soil and permitted a normal 

construction. 

Many of the watercourses on the st. Lawrence lowlands 

which have exhibited streambank instabilities in o~e form or 

another reveal similar soil m\1ke up. For this reason, 

further investigations were made on this watercourse to 

determine the soil' s prof ile and permeabil i ty. Resul ts of 

the Auger hole tests on this site confirmed the relatively 

high permcability in a homogcneous fine sand. In frictional 

soils, particularly the medium to fine sands, sideslopes are 

constructed at 3h:lv (3 horizontal: 1 vertical) due to high 

lateral secpage forces along the streambank. The 

installation of an interceptor tile drain permitted 

sideslopes to be constructed at 2h: 1 v due to the reduction 

of wê1ter 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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"0", only registered readings on four occasions signifying 

that the tile drains were quite effective in 10":ering t.he 

y;ater tabl e. 

As illustrated in Figures 

conditions, four flow channels 

subsequently reduced to two 

10a and lOb for worst case 

in an untiled section were 

flow channels in a tiled 

section. As indicated in Table 5, the seepage force \Vas 

calculated to be 42% less 

reducing the incidence of 

in the latter case, clearly 

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, Indicating that there is flow towards the tile 

drain and therefore away from the watercourse. 

Thcre is a definite advantage in installing thp tile 

drain below the ditch bot tom but in many situations outlet 

conditions do not .1ermit 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 di tch 

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 in open channel drainage 

construction. It would appear at the outset that the open 

channel is constructed in a homogeneous fine sand with 

recomm0nded 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 

observcd. Th i s phenomenon knOltJn as soil piping takes place 

when the soil particles migrate to ar- exit point, in this 

case along the streamhank face. 

The adjacent land surrounding the watercourse is 

relatively fIat with no noticeabl~ regions supplying a 

higher than normal recharge area. Upon cl oser 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 obs0rved. 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 mjday. 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 resul ted 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 ti le dra in was insta lIed. The 

tile drain was laid as deep as possible but above the clay 

layer 50 as ta intercept the horizontal seepage forces in 

the sand. 

The adjoining Figures lIa and lIb 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 stre~mbank 

face by 40%. As in the cases of bath the Vars i1nd Lower 

York, sorne subsurface tlow was measured to be flowing away 

from the open channel to the tile dra in as i ndicated by the 

rise in the watertable between the tile drain and the 

watercourse. 
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4.1.4 North Morrow Municipal Drain 

Historically, the North Morrow along the test site has 

dlways proven troublesome. 

of the watercourse has 

continuaI slumping on both sides 

qenerated large amounts of soil 

away, resul ting in a larger than material to be washed 

designed channel capacity. The average grade of the channel 

within the test section is 0.1%, a little steeper than the 

flverage slope of the entire drain nevertheless qui te 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 

lc'vel, flows would remain negliglble, indicating a back 

water problem. Scouring was not observed and is unlikely 

in the process of rendering the streambank unstatle. 

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 

camp! icated than a Rubicon Fine Sand as identi f ied by soi l 

maps for this region. 

A close inspectIon of the soil removed from the auger 

during digging revealed a soil make-ur highly susceptible to 

ditchbank slumping. Alternate this layers of clay, silt, 

and sand, known as a varved clay, make up the profile of 

this di tchbank. These thin laminae exit at the di tchbank 

face permitting the water contained in the coarser grained 

-
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material, 

seep out. 

tao large 

sandwiched within the finer grained materi<ll, ta 

In this case, the water pressure in the sand i s 

ta be maintained by its internaI strength 

resul ting in washing out of bath soil material and water 

through the ditchbank. The sail 1055 in the sand and sil t 

layers results in a collapse of the clay layers above. This 

process ü-sually initiates higher forms of slumping sllch as 

slab failure. 

The prescribed auger hole method 

determining the hydraul ic conductivity 

horizon relative to that of the lower. 

was only USCflll in 

of the upper soi l 

It is not possi ble 

to determine on site, the hydraulic conductivity of each 

al ternate layer which meaSllrcs 2 to 5 cm in th ickn0ss. l t 

is understood that following a ri se in the water table, the 

flow l ines are r efracted at angles that vary nccord i ng to 

the hydraul ic conducti vi ty of the soil layer. Howcver, 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 int..erceptor tile were the loast 

successful of aIl the watercourses under examination as s')me 

slumping did continue after installation. There was, 

however, a noticeable decrease in the water table. From 

Figures 12a and 12b, it appears that the jnterceptor tile 

drain removed water immediéltely around the dra in but Was 

limited due to the relatively impermcable layers of clay 

surrounding the tile drain and thus impeding the passage of 
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water ta the tile drain. However, it is felt that the 

installation of the til e 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 

prcviously slumped soil rnass and not from the intersection 

of tnc water table and the ditchbank. The flow net diagrams 

for North Morrow i llustrate that ti l e dra inage el iminates 

one flow channel to the strearnbank. However, the 

install ation of a tile drain for this 'ITatercouse was the 

10ast successful of aIl the four watercourses monitored as 

the reduction of seepage forces was calculated to be 33% 

less for the tiled streambank. 
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TABI.E 5 

Watercourse Seepage Pressure by Flow Net 

without with tile % reduction 
tile drain drain 

kPa kPa 

North Morrow 1. 58 0.63 60% 
Municipal Drain 

Vars storm 2.93 1.72 42% 
Sewer Outlet 

Hammond 3.79 2.29 40% 
Municipal Drain 

North Morrow 2.83 1. 90 33% 
Municipal Drain 

-
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~~_ slj~rcle Analysis 

The previous section involved the calculation of 

seepage forces through the development of flow ne'L.s. In 

th is section, a more detailed analysis using the method of 

slices can calculate a safety factor based on parameters 

su ch as weight of sOlI, water pressure and the soil's 

cohesion and internaI angle of friction. 

The North Morrow an~ 1_ ~mond 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 worsc case conditions, when the ditchbank is rnost 

prone to foilure, the soil strensth's parameters are 

minimal. The term, worst case condition, is used in this 

context as the actual physical measurernents obtained on site 

during prolonged wetness which revealed soil strength 

parameters at their lowest. It is quite likely that when on 

site meosurements wcre performed, the strearnbank rnay not 

have been at i ts wcakest. From Table 6, it can been seen 

that for the cohesional soi l, the weakest state which was 

observed wlth the axial shear graph for the North Morrow was 

determined to have a shearing force of 10 kpa with a 

corresponding internaI angle of friction of 8 g 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 internaI angle of friction of 

30° at a moisture content of 25%. 

For the North Morrow, the internaI angle of frict ion 

could be interpreted as negligible and the Circle Moment 

Method chosen to caiculate the streambank's effective safety 

factor. However, to properly gauge the eifectivencss of the 

interceptor tile reducing the streambank' s water t.abl e and 

seepage forces, the Method of SI icE's is used as the mcthod 

of cniculation. 

To deterrnine the effectiveness of a tile drain und(>r 

worst case conditions a safety factor is calculatcd for bath 

an unti led and ti led cross-sect ion. The sarne s1 ip ci l'cIe i s 

used for the purpose of caIculating a safety factor as was 

used to calculate the sccpage force by flow net. In both 

cases, they represent the rnost likely regions ~long the 

streambank where fa ilure wouid occur, should the soi l 's 

strength pararneters 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 sI ice and div i ding by 

the sum:-nation of the driving moment. 

S. F,= ~ Mr 
~ Md 

Ç--'-L_ ±-_iWS:_O~L1! __ ~~_LJ_j:.a.n .J ~ 
(W sin a) 
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As expected the driving moment will be greater for the 

untj led section due to the larger amount of water in the 

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

Il Fil • 

The tile drain reduced the strearnbank weight for the 

North Morrow drain by 0.335 Kg-rn and the Hammond by 0.383 

Kg-m. This difference in weight is qui t.e sma1l and would 

appear insignificant when substituted in the driving moment 

formula jn equation 2. However, this reduction in water 

content j ncreases the unsatu rated zone in the overall 

st reambilnk and as a result, increases the shearing 

resist ,\ nce in a cohes ional soil, and reduces the pore 

pressure in a frjctional soil. 

In particular, the increase in stability for ~he North 

Morrow is greatly attributed to the increase of cohesion in 

slice #5, as shown in Figures l2a and 12b. This slice has 

now becorne unsaturated, resul t ing in an increase in the 

shearing strength along the slip 11ne from 10 kPa to 18 kPa. 

To sorne degree, the pore pressure has been reduced but is 

relatively insignificant when compared to the shearing force 

in a cohesional soil. Here i t can been seen why in most 

cohesional soils when calculating a factor of safety under 

saturated conditions, the term " (Wcos a - uL) tan ~ 1" of 

the resisting moment becornes negligible for small internaI 

i1ngles of friction, when compàred to CIL. 

the mu ch S1 mpler form of ralculating a 

In this instance, 

factor of sa fety 

llsing the ("j rcle Moment Method as shown by equation 3 and 
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described in Section 2.5.3., may be applied. 

Al ternatively, as shown in Figures 14a and 14b, for a 

frictional soil such as the Hammond drain, the shearing 

force is relatively small, consequentlya reduction in pore 

pressure has a mu ch larger effect on the overall stabi l i ty 

equation. It can be seen that the resisting moment i s 

increased as the internaI angle of fr iction i s la rg0r. 

Accordingly, the term " (Wcos a - uL) tan j1' " becornes much 

more significant when compared to " C' L ". 

/lppendix "F" outlines the detailcd calcul"tians to 

determine the safety factor llsing equation 2. 'l'able F-l 

illustrates an incrcase of 33% in stabj lit Y for the NOI'th 

Morrow between a tiled and untiled strCi1mb,lnk. Table F-2 

shows an increase of 28% in stability after the installation 

of an interceptor tile in the Hammond. 

-
81 



~ 

~ 

(.1) 

Ct: 
W 
1-
W 
:'E: 

74 

Z 
0 ....... 
1-
<I: 
> 
W 
-1 
W 

73 

SZ 

NDRTH MDRRDW' M.D. METHOD OF SLICES 
'WITHOUT TILE DRAIN 

3.0 4.0 

Figure 130 

~.o 

HORIZONTAL DISTANCE FROM TOE OF SLOPE - METERS 

1 

----' 



V') 

œ: 
w 
~ 
w 
L 

z 
o 
t-1 

~ 
<t 
> 
W 
-1 
w 

~ 

74 

73 

NORTH MORRO\{ M.D. METHDD OF SLICES 
W'ITH TIlE DRAIN 

-~ --- ,Y 

3.0 4.0 

Figure 13 b 

s.a 

HORIZONTAL DISTANCE FROM TOE OF SLOPE - METERS 



Cf) 
0:::: 
W 
r-
w 
~ 

z 
0 
r-
« 
> w 
.....J 
w 

64 

63 

62 

61 

HAMMOND MUNICIPAL DRAIN METHDD OF SLICES 
WlTHOUT TlLE DRAIN 

Figure 140 

1.0 2.0 3.0 4.0 5.0 

HORIZONTAL DISTANCE FROM TOE OF SLOPE - METERS 

;"" 



Cf} 

0::: 
w .­
w 
2 

z o 
r­
<{ 
> 
W 
--1 

64 

63 

w 62 

61 
1.0 

HAMMOND MUNICIPAL DRAIN METHDD OF SLICES 

WlTH TlLE DRAIN 

Figure 14 b 

-------1 

2.0 3.0 4.0 5.0 

HORIZONTAL DISTANCE FROM TOE OF SLOPE - METERS 



_ 
86 

-
SELECTED DATA FROM 

AXIAL SHEAR GRAPH 

TEST MOISTURE COHESIVE INTERNAL PLASTICITY 
LOCATION CONTENT STRENGTH ANGLE OF INDEX 

& (%dw) FRICTION 
SOIL TYPE 

NORTH 10% 42 kpa 20° 30-41 
MORROW 

25% 36 kpa 16° 29-40 
VARVED 

CLAY 33% 18 kpa 13° 32-41 

38% 10 kPa 8° 29-40 

LOWER 15% 35 kPa 30° 24-31 
YORK 

22% 28 kPa 20° 24-30 
SILTY 
r,cAM 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° --

1 

-
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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, ar.d maturity. The time required to complete 

this cycle greatly depends on the species and growth 

env ironment. 

Given the proper moisture conditions and nutrient 

availability jn the soH, at least two growing seasons are 

requircd to est,l.blish a dense vegetal lining. The sample 

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 

moi sture conditions will assist in the choice of mixture. 

Forage crops used for erosion control may be categorized 

into two groups; sod-forming gra"=,ses 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 [rom the surface plant material. They usually 

develop a short vegetal cover with a thick but sl10rt rooting 

system; the bunchgrasses develop a deep but thin root 

system. Instead of the spreading character istics of the 

sOd-forming grasses, the surface plant material shoots and 

branches upward. 

The selection of the various types of grasses is 

limi ted due to cUmate. Sorne of the more ideal and highly 
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acclaimed grasses for erosion control measures such as 

Bermudagrass wh ich, as a fast-spread ing, 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 aIl proven cool 

season resistant varieties. 

The Trepp method (1950) was used to ~~aluate dcgrce of 

cover provided by each mixture at each specifie site and is 

shown in Appendix "E". Table 7 describes each specle and 

their characteristics which make them attractive componcnts 

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 sced mixtur0s. 

Seeding operations were conducted in late May following 

the spring freshet. The high moisture condition allowed the 

bunchgrasses, like Timothy and Annual Ryegrass, to cstablish 

rapidly and develop a base for the sod-forming grasses which 

generally took longer to germinate. The best conclus ions 

can be made from the North Morrow and Hammond Mun id pa 1 

Drain. Both mixtures "c" and "A" exhibited b0ttcr growth 

characteristics than the conventional mixture "0". 

The Hamroond drain provided idcal conditions [or good 

vegetal growthi a sandy surface and fIat side slopes. The 

most prominent specie of this mixture was the clover which 

developed a solid root system and 1 ush vegetal caver. The 

clovers are known to develop a dense rootj ng syGtem but 

require longer time to germinate. The rapid germjnation of 
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the Timothy and the Annual Rys grass provided this base. 

other noticeable species in this mixture were the Kentucky 

Bluegrass and Creeping Red Fescue which exhibited good 

growth characteristics but, like the clovers, require a 

nurse crop to aid in establishment. The adjacent side slope 

seeded with mixture "0" exhibi ted poor growth and cover. 

The North Morrow dra in 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 l ush as the 

Bi n]sfoot Trefoil which had established very weIl 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 weIl in 

poorly drained soils. 

Mixture "0" 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, ideal conditions and gentle precipitation periods 

kept the sail 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 

tp.ndency ta roll down the ditchbank into the battom 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", i t is fel t. that i t 

could be irnproved 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 establ ishing a good 

vegeta l cover. 

Except for the Millette drain, aIl test mixtures were 

seeded at the rate of 60 kg/ha. It is felt that this 

increase i~ concentration of approximately 15% from cur~ent 

recommendations is necessary to cover secd lost throurJh 

application and natural erosion processes during carly se cd 

growth periods. 
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TABLE 7 

, 1 

1 
Drainage Class 1 

Char. Growth Gemination ury l'lei 1 ! t-'oorly 1 Root Vegetal Remarks 
Class. , Habit Time (days) Drained 1 Drained 1 System 1 Lin;nQ 

1 
1 i Kentucky 
! 

1 

\ 

Bluegrass S P 21-28 X X Dense 1 :"ush 1 on9 Creeps and fills 
1 

1 btJt 1 blades where others thin 
shal10w out. 

Cree~i ng S P 21-28 X X X Jense ThlCk fine Requires well 
Red escue but leafy 1 dra; ned soil s. • 

1 
shall ow 1 growth Produces complete 

coyer in one year. 

Annual Rye B A 7 X X Deep Long Excellent starter 
Grass but narrow used as nurse 

1 
thin 1 eaves crop. 

extend fram 
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 
Trefoi 1 but f10wery poorly drai ned 

sha 11 ow surface soils but not very 
caver drought resistant. 

Expensive. 

White Clover S P 7-14 X X Dense Fl at l eafy Like Alsike , but structure requires a nurse 
shall ow spreads on crop to give an 

sur l'ace ear1y maturing 
mixture. 

Alsike S P 7-14 X X Dense Flat leafy More tolerant in 
(Claver) but structure acid soils and poor 

c;hal10w spreads on drainaCe than 
surface White lover but 

1 more expen~ive. 

B - Bunchgrass A - Annual 
S - Sod-forming r - Perennial 



TABLE 8 

SEED MIXTURE RESULTR 
I-------------------~----------~------------~----------------------

DRAIN MIXTURE VEGETAL* 
COVER 

North Morrow 'A' 3-4 
ICI 4-5 
'D' 1 

Lower York ICI 2-3 
'E' 3 
'A' 3-4 

r--------------------+-----------~---------

Hammond 'D' 
'A' 

1 
5 

RESlILTS 

Mixture . C' exh i bi tcd 
excellent. growth. Sorne 
flowe::ing observcd in a 
lush comblnatio:l mixture 
Birdsfoot Trefoi l itnd 
Crecping Red Fesl'uc. 
Only scattered clumps of 
vegeta tion were procluccd 
from Mixture 'd' 

----- ---~-- - -- --- - ~ --~_._--

Most of the C]rowth W,lS 

found to be dt the 
bottom of the cl i tch 
where s ide s lopes we re 
flatter. Somc of the 
annua l gr ,} s~;es 
(":;tabl i ~;hed il t the top 
of the drit in. 

Mixture lA' pxhibitod 
excellent qrowth. 
Clover sprcild rapidly, 
had good root è;ystem. 

t-------------------+------I----------~------ ---, -------------
Labreche 

cumming 

ICI 
'D' 

'B' 
'A' 
ICI 

1 
+ 

2 
2 
2 

Sideslopes a re 1.5h:lv 
making seed 
establ ishrncnt 
very difficul t. Most of 
the seed was lost. 

----
Most of the sced was 
lost following a 
rainstorm after the 
seedlng. The Clovcrs 
and Birdsfoot Trcfoi l 
show sorne signs of 
sprei'lding. 

~----------------_+-------_;------------_1------------ ----
Millette 'D' 4 In addition ta 

soils and fIat 
sideslopC's, idcal 
conditions prevailed 
following secding 
operations. 

*Estirnation by degrees of cover. See Appendix liE" 
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5 • 0 Suml!@.Ci 

CHAPTER V 

CONCLUSION 

To det.errnine if a streambank will be unstable, an on­

s i te exarninat ion of the sail should be conducted. It 

involves a bore hole test ta determine the sail profile up 

ta lm below the proposed Qitch bottom, and possibly an auger 

hale test to determine the hydraulic conductivity. Sail 

milps have been proven to be inadequate for the drainage 

cngineer as they do not identify local sail candi tians nor 

do they descri be the sail conditions beyond 1 meter below 

the sail 's surface. 

Soils which have been identificd as 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 succéssful in reducing the incidence 

of strearnbank failure. 

The paraI leI subsurface drains are instal1ed to 

intercept water which in turn reduces spepage forces that 

tend to move sol1 towards the toe of the slope as watcr 

flows towards the ditch. Bank st..ability i5 greatly reduccd 

<"lring snowrnelt when banks are prone ta [ailure due to 

extended perinds of high water table. The rcmoval of cxccss 

water behind the ditchb,mk, in cffect incrcélses the 

streambank' s water holding capaci ty duri ng this cri ti cal 

period of the year. Subsurface interceptor drains may not 

eliminate the slumpi~g, however, the number dnd 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 soi l s as shown in both che Vars and Hammond. 

Installation in a varved clay such as the North Morrow has 

been effective in streambank stability, howcver, the 

efficiency of removing water in the strcambank could be 

irnproved by constructing a granular trench above the ti le. 

In this manner, each individual horizontal water carrying 

layer may be interccpted and water transported down to the 

subsurface drain, relieving the seepage [orces at the 

streaITlbank. 
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5.2 Vegetal Cover 

In the selection of seeding mixtures, there are several 

factors ta considere In addition to soil and climate, the 

following considerations are important. 

secding generally will be most successful if carried 

out :rom May lst to June 15th and from August 20th to 

Septembcr 20th. Specifications normally recommend seeding 

within a 24 hour period after excavation of ditchbanks to 

obtain desirable moisture conditions. This guiJeline should 

not be enforced before May lst or after October 15th. The 

demonstration sites were aIl seeded in the fall based on 

optimum sail conditions as the combination of a decrease in 

cvapotranspiration, raising the water table, and the peak in 

sail tempe rature . These conditions make for a rapid seed 

germination. In this manner the seed will germinate enough 

to est:-,I)lish a root system to carry it through the spring 

runoff. In the spring, seeding should be done following the 

spr ing 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 

unsuccess fuI, 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 rnixed in wi th the 

more native and hardy sOd-forrning grasses which require a 

longer period of time for establishment. 

High flows in the channel may remO'Je secd or shoots 

befcre the grasses have sufficient roots for anchoring. In 

the same rnanner, bank seepage can wash out seeds or new 

growth. 

It is recomrnended 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 favordble. 

Deposition may be controlled to sorne extent by the 

selection of a vegetation. Low, shallow flows undergo very 

high retardance when flowing through sod covers. A den~;e 

cover keeps the flow from channel ing. 1I0wever, the end 

result of low velocities is excessive settling of the 

suspended sediment. The bunch grasses and open covers offer 

less rcsistance to shallow flows t.han sod-forming 9raG~es, 

but provide ltSS protection against erosion. 

Hydre seeding is a very successful operation but due to 

its cost it should be reserved for highly erosive arcas. 
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RECOMMENDATIONS FOR FUTURE STUOY 

Wi th reference to the experiments undertaken in this study, i t is 

suggcsted 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 

effectivcness of installing a mole drain as an interceptor 

tile 

- Insta Il a deplh recorder instcad of watertable tube to 

dctcrmine the fluctudting watertable in the strea~bank 

relative to the water level in the watercourse. In this 

manner the maximum he ad 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 

condi tions, local climate, appl ication 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 Xl of the 

Township of Osgoode, Con~ession XI and X of the 

Township of Cumberland and Conc. l, II and III of the 

Township of Russell in the Province of Ontario. The 

section considered herein extends for 200rn south of the 

culvert bridge on the boundary road. 

Drainage area up to experimental section: 382 ha 

Watercourse length up to and including 

experirnental section: 2500m 

Length of experimental section: 200rn 

Average channel grade over experimental section: 0.1% 

Soil identificatioQ 

Soil map description within experirnental section: Rfs 

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

An on-site investigation of the soil reveals a varved 

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

102 



( 

( 

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. 

103 

, 

1 
J 



104 

-
Auger hale test 

Depth From Grain Soil 
Surface Analysis Classification 

O-O.lm Top Soil 

41% Sand 
0.lm-0.9m 43% silt 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 

Hydraul1c Conductivities 

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

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

RemediaI Measures 

-lOOmm filtered P.v.c. tile drain was installed on both 

sides of test section for approximately 150 m. 

-Hand braadcast seeding of ditchbanks 
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Experirnent~l S.~i~t~e~~~H~a~rn~m~o~n~d~~M~u~n~i~c=i~p~a~1~D~r~3~1='=n 

prain Location 

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 experirnental section: 1200 ha 

Watercourse Jength up ta and including 

expprimental section: 4055m 

Length of experimental section: 400m 

Average channel grade over exp~rimental section: 

0.06% with a drop structure within study 

section. 

Soil identification 

Soil map description within experimental section: 
Rfs-Sfs 

Rfs-Sfs cornbination 

Rubicon fine sand; Light grey 
depressions and reddish brown 
hurnrnocks of sandy soils with 
sorted sand parent rnaterials 

st. Samual fine sand; Grey 
mottled sandy soils with 

sorted non-calcareous fine 
sand parent 
material 

An on-site investigation reveals 1.6m deep from surface 

underlain with clay. 

Flat lands border both sides with a high recharge area 
ta the cast, wooded area to the west and residential to 
the east. 
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Channel Geometry 
....... 

Initial construction of side slopes: 2h:lv trapezoidal 

Condition of side slopes before maintenance: 

Considerable erosion on bath sides due to piping of 

soil. Sediment collected at base of drain. Rip-rap of 

side slopes in adjacent locations has m~intained 

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 

O-O.lm Top Sail 

96% Sand 
O.lm-0.9m 2% silt Fine Sand 

2% Clay 

70% Sand 
O. 9m-1. ~rn 26% silt Sandy Loam 

20% Clay 

12% Sand 
1.6m+ 32% silt Clay 

56% Clay 



( 
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Hydraulic Conductivities 

kl, for hole at depth 1.Sm: 2.5m/day 

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

RemediaI Measures 

-100 mm filtrred P.V.C. tile was installed along both 

sidcs of test section 

rip-rap on stream bends 

flatter slide slopes 

hand broadcast seeds 
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~xperimental site Vars storm Sewer Out let 

Drain Location 

The study section of this watercourse runs in a 

westerly direction west of Regional Road 33 and ernpties 

into Shaws Creek. 

Drainage area up to experimental section: 20 ha 

Watercourse length up to dnd including expcrirnental 

section: )500m 

Ler.gth of experirnental section: 750rn 

Average channel grade over experirnental section: 0.3% 

Soil identificat~on 

Soil map description within experirnental section: Ufs 
Rfs Sfs 

Upland fine sand; 
Reddish brown 
looso, fine sandy 
soil with sorted 
non-calcareous fine 
parent material 

Rubicon fine sand; 
l i g h t g r e y 
depressions and 
reddish brown 
hummocks of sandy 
soil with sorted 
sand parent 
material 

st. Samuel fine 
sand; qrey rnottled 
sandy soil with 
sorted non­
calcareous fine 
sand parent 
material 
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Adjacent topography and land use 

Residental land north of the open drain and a wooded 
area to the south. Flat lands on both sides of drain. 

Channel ~eometry 

Initial construction of side slopes: 2h:1v 

Condition of side slopes before maintenance: 

excavated 

Auger hole test 

Depth From 
Surface 

O-l.Om 

1. Om-l. am 

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 

Soil 
Classification 

Fine Sand 

Fine Sand 

kI, for hole at depth I.5m: 2.3m/day 

k2, for hole at depth 2.4m: 2.1m/day 

Newly 
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RemediaI Measures 

-lOOrnrn filtered P.V.C. tile drain instailed below ditch 

bottorn on both sides of drain 

-oitchbanks were hydroseeded 

-Outlet of ditch bottom rip-rapped due to steep 

gradient 



( 

( 

Experiment~a~I~~S~i~t~e~~ __ ~L~o~w~e~r~Y~o~r~k~M~u~n~i~c~l~'p~a==I~D~r~a~l='n~ 

Drain location 

The Lower York Municipal Draln is located in Concession 

V and VI of the Township of Russell and is an outlet 

f or the York, Earl ie Snyder Municipal Dra ins. The 

section considered under thjs contract extends from the 

County Road No. 17, Lot Il, Concession VI flowing in a 

southerly direction to the Township Road, Concession 

VI. 

Drainage arca up to experimental section: 1400 ha 

Watercourse length up to and including experimental 

section: 1500m 

Length of experimental section: 400m 

Average channel grade over experirnental section: 0.04% 

but with two drop structures along this section. 

~oil identification 

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

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

111 



- Adjacent topography and land use 

Land rises sharply on both sides Ol drain. North of 
drain, corn 1s the predominant crop and to the south 
general pasture l~nd with wooded area. 

Channel geometry 

Initial construction of side slopes: 2h:lv 

Candi tiOl1 of side slopes before ma inter:ance: Cross 

section developed into aU-shape. Di tch s10pcs wcrc 

exhibi ting circular arc type fa ilure. High secpùge 

forces were evident at base of drain with local izcd 

slumping. Rill and shect erosion were also observed. 

Problems of erosion and slumping occuring predominantly 

on south side. 

Side slopes after maintenance: 

North Streambanki compound trapezoidal 3h:lv bottom 

1 1/2: Iv top 

South Streambank; parabolic 
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Auger LaIe test 

Depth From Grain Soil 
Surface Analysis Classification 

O-O.lm Top Sail 

30% Sand 
0.lm-l.35m 53% silt silt Loam 

17% Clay 

14% Sand 
1. 35m-l. 6Sm 26% silt Clay 

60% Clay 

33% Sand 
l.65m+ 51% silt silt Loam 

16% Clay 

Hydraulic Conductivities 

kl, for hole at depth 1.Sm: O.77mjday 

k2, for hale at depth 2.4m: l.2mjday 

RemediaI measures 

-lOOmm filtered P.V.C. tile installed along southern 

bank for 300m 

-ParabolicjCompound trapezoidal cross section 

constructed 

-Hand broadcast seeding of ditchbanks 

-2 drop structures installed along experimental section 

( 
" 

-, 

4 

i 

j 

~ 
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WATER LEVEL READINGS IN THE STREAMBANK 

NORTH MORROW M.D. 

WATER LEVEL MEASUREMENT TUBE 

EVENT 1 2 3 4 Ditch h 
W.L. 

-
1 ------No readings------

f-. 

2 74.09 74.20 74.60 75.02 73.75 .34 
1----- ------

3 74.21 74.33 74.80 75.18 73.95 .26 
--

4 74.45 74.55 74.96 75.36 74.25 .20 
-

5 74.32 74.40 74.80 75.20 74.00 .32 
--

6 74.15 74.25 74.73 75.13 73.70 .45 
'-._--- ---

7 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. rneasurernent tube #1 - W.L. in ditch 

AlI readings in rneters above sea level 

Events recorded in April 1983 
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WATER LEVEL READINGS IN THE STREAMBANK 

HAMMOND M. D. 

WATER LEVEr.. 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 
f----- ---------- - -- -- 1-----

3 62.62 62.58 62.80 62.24 .38 

4 62.55 62.52 62.70 62.20 .35 
-------t--------- t-----

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 62.20 .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 

AlI readings in meters above sea level 

Events recorded in April 1983 
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WATER LEVEL READINGS IN THE STREAMBANK 

VARS S.S. 

_. 
WATER LEVEL MEASUREMENT TUBE 

EVENT 1 2 3 oltch h 
W.L. 

1 75.35 n. r. 76.13 75.40 -.05 
-----------

2 75.35 n. r. 76.12 75.40 -.05 
f----

3 75.40 n. r. 76.21 75.42 -.02 
~- -

4 75.94 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. Measurcrnent tube #1 - W.L. in ditch 

AlI readings in rneters above sea level 

Events recorded in April 1983 

( 



- WATER LEVEL READINGS IN THE STREAMBAN~ 

LOWER YORK M. D. 

WATER LEVEL MEASUREMENT TUBE 

EVENT 1 2 3 4* Ditch h 
W.L 

1 65.08 ice 65.76 n.r. 64.57 .51 
- 1--- ----- ---

2 64.94 ice 65.43 n.r. 64.50 .44 
---------------------- -- - - ------ - -- --- ----

3 64.86 ice 65.20 n.r. 64.48 .38 
-------------- ---------- - ------- -- ----- ---

<1 64.82 64.88 65.08 n.r. 64.36 .36 
---- ----- - --~----- ----- -------

5 65.25 65.48 65.98 n.r. 64.70 .45 
---------- ---- --- -- ----- --- ---

6 65.10 65.32 65.85 n.r. 64.55 .55 

7 65.03 65.20 65.60 n.r. 64.52 .51 
- ----- ---------

8 64.96 65.07 65.48 n.r. 64.50 .46 
-1------

9 64.92 65.01 65.41 n.r. 64.49 .43 

* Watertable tube was placed in a depression and was submerged 
throughout trial period. 

n.r. = no reading 

W.L. = Water level 

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

AlI readings in meters above sea level 

Events recorded in April 1983 
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-
Vegetal Concentration by Degree of Cover 

on Streambank Face 

Showing average percentage cover in each degree on a scale of 
abundance combined. 

(Adapted from Trepp, 1950) 

.-
Scale of combined Range of cover Average percentage 
estimate of cover (in percentage) cover 
and abundance 

+ up to 1.0 0.1 

1 1 to 9.9 5.0 
--

2 10 to 24.9 17.5 
. -

3 25 to 49.9 37.5 
---~-~-- ------

4 50 to 74.9 62.5 
-

5 75 to 100.0 87.5 
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- Nomenclature (with reference to section 2.5.2) 

h = 
I = 
~I= 
CI= 
U = 
AI= 
A2= 
YI= 

Y2= 

a = 

depth of watertable to slip line (m) 
arc length of slip ljne (m) 
effective angle of internaI friction (degrees) 
effective cohesion (kPa) 
water pressure (kpa) 
area above watertable (m ) 
area below watertable (m ) 
specifie gravit y of sail 
above water table (unsaturated) (1.6T/m3 ) 
specifie gravlty of soil 
below water table (saturated) (2.0T/m3) 
angle subtended by trial radius from the vertical 
to the arc center (degrees) 

S. F. =Safety Factor=.J;, Mr = L: CIL + (W cos a - uL) tanfS ' 
LMd .:E (W sin a) 
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TABLE F-l NORTH MORROW 
WITH TILE 

STRIP Cl L CIL h u uL Al Wl 
No. A2 W2 

l 10 .235 2.35 .06 .588 .138 .0125 .245 

2 10 .26 2.60 .23 2.254 .518 .0056 .088 
.0563 1.1~4 

3 10 .275 2.75 .24 2.352 .647 .058 .909 
.058 1.137 

4 10 .35 3.50 .13 1.274 .446 .1025 1.6 
.0325 .637 

5 18 .5 9.0 0.0 0.0 . .0788 1. 236 

~---------------------------------------------------------------

WITHOUT 

STRIP CI L CIL h u uL Al Wl 
No. A2 W2 

1 10 .235 2.35 .07 .686 .161 -.- -. -
• 0125 .245 

2 10 .26 2.6 .24 2.352 .612 -.- - . -
. 0619 1. 213 

3 10 .275 2.75 .3B 3.724 1.024 .0218 .342 
.0938 1.838 

4 10 .35 3.5 .3 2.94 1. 029 .075 1.176 
.0594 1.164 

5 10 .5 5.0 .115 1.127 .058 .0519 .814 
.0269 .527 

.. 
c: 

t 
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MUNICIPAL DRAIN 
DRAIt! 

W a flIi Wcosa tan~' C' L+ (Wcosa -uL) tan (JI Wsina 

.245 7 8 .243 .141 2.365 .03 

1.192 16 8 1.13 .141 2.69 .329 

2.05 27 8 1. 83 .141 2.91 .931 

2.24 40 8 1.72 .141 3.68 1. 44 

1. 236 56 13 .69 .23 9.16 1. 02 

LW=6.963 S.F. = 1: Mr_= 20.805 = 5.54 
~Md 3.75 

, TILE DRAIN 

W a ~' Wcosa tan)6' CI L+ (Wcosa -uL) tan~' Wsina 

.245 
.., 

8 .243 .141 2.362 .034 1 

1. 213 16 8 1.166 .141 2.678 .339 

2.18 27 8 1.942 .141 2.879 .990 

2.34 40 8 1.793 .141 3.608 1.504 

1.34 56 8 .749 .141 5.097 1.111 

~W= 7.318 S.F. =IMr _= 16.62 = 4.17 
LMd 3.389 

~-~--~ 
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TABLE F-2 HAMMONI: 
WITH TILE 

STRIP C' L C'L h u uL Al Wl 
No. A2 W2 

1 3 0.38 1.14 0.15 1.47 0.56 .0525 1.03 

2 3 0.26 0.78 0.25 2.45 0.64 .0625 1.225 

3 3 0.28 0.84 0.22 2.16 0.61 .0075 0.1176 
.0575 0.735 

4 3 0.33 0.99 0.15 1.47 0.48 .0225 0.353 
.0375 0.735 

5 6.0 0.48 1.44 -.- . . .0350 0.549 
.0025 0.049 

WITHOU?2 

STRIP C' L C'L h u uL Al Wl 
No. A2 W2 

1 3 .38 1.14 .15 .47 .56 .0525 1. 03 

2 3 .26 .78 .25 2.45 .64 .0625 1.225 

3 3 .28 .84 .30 2.94 .82 .0650 1.228 

4 3 .33 .99 .30 2.94 .97 .0600 1.176 

t 5 3 .48 1.44 .17 1. 67 .80 .0375 .864 

t c 
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m MUNICIPAL DRAIN 
~E DRAIN 

W a çI Wcosa 

1. 03 7 JO 1.022 

1. 225 8 JO 1.213 

1. 245 20 JO 1.17 

1.088 34 30 .90 

.598 49 32 .39 

LW=5.186 

rï TILE DRAIN 

W a $.!J' Wcosa 

1. 03 7 30 1. 022 

1. 225 8 30 1. 213 

1. 274 20 30 1.197 

1.176 34 30 .97 

.864 49 30 .57 

LW :: 5.569 

tan01 

.577 

.577 

.577 

.577 

.63 

S. F. 

tanrf 

.577 

.577 

.577 

.577 

.577 

S. F. 

CI L+ (Wcosa-uL) tan DI 

1.406 

1. 045 

1.16 

1. 23 

1.686 

= l:Mr_= 6.60 = 3.7 
LMd 1. 78 

C'L+(Wcosa-UL)tan~' 

1.406 

1.045 

1.058 

1.109 

1.31 

= LMr _= 2·93 = 2.90 
L:.Md 2.043 

wsina 

.126 

.171 

.426 

.61 

.45 

Wsina 

.126 

.171 

.436 

.658 

.652 

. 
, 

,', 
1 
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E.XH l B IT # l VARS DRAINAGE OUTlET 

Vlew of open channel ln Sprlng, 1984. Sideslopes were 
constt'ucted 2h:1v and hydt'oseeded. Lateral lnterceptor 
tllcs vJet'e lnstalled prior ta excavatlOn to stabllize 
di tchbanks. 

[XHlljIT 1.2 VARS DRAINAGE OUTlET 

~),!,[t' LtîJIllle1 Junny SUllllllet' of 1984 showlng dense vegetal 
u'Il-'I' \\!llc.h 11JS fUt'tflcr lnct-eased bank stabl1ny. 
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EXHIBIT #3 NORTH MORROW MUNICIPAL DRAIN 

Pictured in the Spnng of 1980, 2 years after onstructlon. 
Drain is located in a varved clay. 80th sldeslopes exhlbit 
extens, ve s 1 umping. 

EXHIGlT ~4 NORTH MORROW r·1UNICIPAL DRAW 

Sa!11e oraln ln the Spnng of 1984. Interceptor tl1es dWÎ 

parabollc tel1lplate ItJere constructed ln Fall, 1933. 
Sideslapes appear ta be stable. 
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EXHIBIT #5 LOWER YORK 
MUNICIPAL DRAIN 

High seepage and undercutting at 
the toe of the dltchbank. Note 
the saturated loose sediment at 
the bottom of draln WhlCh will 
eventually be washed away . 

. 
". 
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LOWER YORK MUNICIPAL DRAIN 
l~c'tLl'jl. of ttllS watercout'se revedls d varved clay. Lateral 
"t-l'; d~t' 1 t1 thll1 l ayel's of S llt and sand washl ng out between 
~~1,' cldv laycrs. 



- EXHIBIT #7 LOWER YORK 
~lUNICIPAL DRL\IN 

Vlew of open channel dut'ln~l ~pt'1I1(; 
runoff of 1983. Three s tc1l)t''> ,d 
slumplng are illustt'ated ill't'l'. 1hl' 
nllddle sectlOn de/ilonstrdt!':~ .1 ,lido 
of dltchbanl-.. Illatenal. 111J111~ldldtt.'1\ 
above, a slillilat' sllde WhlLh 1\,\:, 

progressed further and ~lIPPl'd lnto 
the drdln. In the lowrr l'Mt uf 
the plcture. the flndl st,}lj(' 01 

failure, shows where dltch hd/lk hac., 
been washed awùy and now f OY'1I1S (1 

parabolic shaped sectlOn. 

EXHIBIT !lb NORTH I~ORROW 
f1UN1CIPAL DRAIN 

Advanced tenslOn crack alonq 
dltchbank in a varved C1dY· 
Opem ng 1 S 500 nl/Il dee~ dnd 
150 Ilun Wl de Wl th a satura t(!d 
511 ty 5and at the botto/ll of the' 
crac k . 
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EXHIBIT #9 HAMMOND MUNICIPAL DRAIN 
Test pit dug adjacent to drain 
shows loamy sand over clay. 
Seepage at the sand clay interface 
results in flow of loamy sand. 

EXhI8IT ;;10 Hi1,fIHOND MUNICIPAL DRAIN 

l\(rpl.l: left of PlctUt'e lllustrates results of seepage as 
c11::-CUSSl'O :11 Exlllblt :;7. Rellledlal Illeasures lncluded 
llltel'ct"f1 tOt' tlle draltl and reSeedltlg. 
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Appendix "H" 
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DRAINAGE AREA AND SOll DESCRIPTION FOR [XPERIMENT AL SITE 

1 - HAMMOND MUNICIPAL DRAIN 

2 - LOWER YORK MUNICIPAL DRAIN 

3 - JARS STORM SEWEn OUTLET 

4 - NORTH MORROW MUNICIPAL DRAIN 

=* EXPERIMENTAL SECTION 
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