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Abstract The erosion of soil materials as a result of highway construction activity can 
have serious impacts on the environment: pollution of surface water, damage 
to adjacent land, and degradation of streams and aquatic habitat. 

In addition to the environmental effects, soil erosion causes increased costs 
for repair and rehabilitation, and delays in construction. 

The intent of this manual is to provide information regarding the processes 
and mitigation of erosion so that environmental impacts can be lessened. It 
should be used in conjunction with, and not instead of, the knowledgeable 
advice of appropriate practitioners. It is hoped, however, that the document 
will assist those involved in highway construction in mitigating those 
conditions that adversely impact the environment. 

The manual is divided into two main parts: 

Part A contains a summary of the processes involved in erosion and 
slope movement and provides some examples from highway projects. 
Parl B contains a table summarizing control measures, and it is 
followed by detailed descriptions of each measure. 

While most of the examples have been selected from the Vancouver Island 
Highway Project, the discussions and treatment methods generally apply to 
all highway construction and maintenance situations. 
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INTRODUCTION 

Erosion is a naturally occurring process that 
constantly moulds and alters landforms, 
removing materials from one place and 
depositing them elsewhere. Major problems 
arise when erosion from construction and 
development activity results in the transport 
of relatively large amounts of material. 

The erosion of soil materials as a result of 
highway construction activity can have 
serious impacts on the environment, 
including: 

pollution of surface water, 
damage to adjacent land, and 
degradation of streams and aquatic habitat. 

In addition to the environmental effects, soil 
erosion causes increased costs for repair and 
rehabilitation, and delays in construction. 

The process of minimizing erosion resulting 
from highway construction begins in the 
design phase. By anticipating construction 
conditions, using geotechnical, topographical 
and other data, the designers can incorporate 
measures to minimize possible impacts. 

During the construction period the actual soil 
and runoff conditions become apparent. This 
site information should be used to anticipate 
erosion control requirements when scheduling 
and executing subsequent site operations. 

Given the variety of topography, soil and 
groundwater conditions that are encountered 
along a transportation route, it is often 
difficult to foresee all measures that should be 
taken before and during construction to 
prevent erosion and shallow slope movement. 
Adopting measures that eliminate all risk 
would increase construction costs significantly 
by providing measures that are not always 
required. For this reason, the conditions that 
can result in erosion must be properly 
evaluated in both the design and construction 
phases of the project, with the incorporation of 
appropriate erosion control measures when 
required. 

Fig. 1 A striking comparison: the area on the left 
was seeded during the growing period and 
provided erosion protection during winter, 
unlike the right side. 
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PURPOSE OF THE MANUAL 

The intent of this manual is to provide 
information regarding the processes and 
mitigation of erosion so that environmental 
impacts can be lessened. It should be used in 
conjunction with, and not instead of, the 
knowledgeable advice of appropriate 
practitioners. It is hoped, however, that the 
document will assist those involved in 
highway construction in mitigating those 
conditions that adversely impact the 
environment. 

The manual is divided into two main parts: 

Part A contains a summary of the processes 
involved in erosion and slope movement 
and provides some examples from highway 
projects. 
Part B contains a table summarizing 
control measures, and it is followed by 
detailed descriptions of each measure. 

While most of the examples have been 
selected from the Vancouver Island Highway 
Project, the discussions and treatment 
methods generally apply to all highway 
construction and maintenance situations. 
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1. SOIL MOVEMENT PROCESSES 

The manual refers to two types of soil 
movement processes: erosion and shallow 
slope movement. The following explanation 
indicates the differences. 

Erosion involves the removal of particles of soil 
and transport by water and wind action. In 
this province, wind erosion is less significant 
on construction projects and only water 
erosion is considered in this manual. 

Shallow slope movement is the mass movement 
of soil and included water along a slope. In the 
present context, it refers to that occurring 
within about a metre or so of the surface, and 
not deep movement that requires geotechnical 
engineering evaluation. 

Erosion involves a higher water/soil ratio, and 
greater distance of soil transport, than does 
slope movement. 
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2. EROSION 

2.1 Types of Erosion 

Water erosion can be divided into several 
different types. 

Raindrop erosion is the effect of dislodging 
soil particles by the impact of raindrops. 

Sheet erosion results from shallow, broad, 
overland flow of water and is the initial 
mechanism for transport of soil dislodged 
by raindrop erosion. 

Rillerosion begins when small variations in 
slope topography cause water from sheet 
flow to concentrate in defined channels. 
The higher water velocity and turbulence 
results in development of shallow, well- 
defined channels, with removal of soil 
particles from the bottom and sides of the 
channels. 

Fig. 2 Example of rill erosion 

Gully erosion occurs when rills join to form 
larger, deeper channels. Whereas rills can 
be repaired by shallow grading of the soil, 
repairing gullies requires large equipment 
and special construction techniques. 

Channel erosion results from water in a 
stream channel removing material from the 
banks and bed. 

RILL AND GULLY 

STREAM FLOW 

1 CHANNEL EROSION :;. 

Fig. 3 Types of erosion 

2.2 Factors in Erosion 

Erosion potential is determined principally by 
the following factors: 

Rainfall and runoff 
Topography 
Soil erodibility 
Cover 

Rainfall and Runoff 

Flowing water is a major factor in dislodging 
soil particles, with the degree of erosion 
proportional to the amount and velocity of 
water flowing on the soil. Runoff can include 
water flowing to the construction site and that 
generated within the site by rainfall and 
groundwater sources. 

The major factors in producing surface water 
are the intensity, frequency and duration of 
rainfall. Locally compiled weather data can 
provide information to assess the probability 
of rainfall of a particular intensity and 
duration occurring at a site. This probability 
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is referred to as the Return Period, with 
shorter return periods indicating more 
frequent occurrence. An example is shown in 
Figure 4. 

0.1 1.0 10.0 100.0 
Rainfall Duration (hours) 

Fig. 4. Rainfall intensity-duration frequency 
plot (short duration events) for Comox. 

Intense heavy rain has high energy and 
dislodges particles more easily than light 
rain. 

High rainfall duration not only leads to 
greater surface flows, it increases water 
content of a soil and causes: 

decreased stability of soil slopes, 
greater surface flow because of reduced 
infiltration, and 
easier soil particle dislodgement. 

The shape, size and slope characteristics of the 
upslope area influences the amount, rate and 
energy of runoff to the construction area. 
Minor depressions intersected by a cut slope 
can allow concentration of runoff. 

Fig. 5 Severe gullying from concentrated 
surface flow at the top of a cut slope. 

Erosion potential is directly related to the 
length and steepness of the slope. For the 
same vertical height, reducing a slope angle is 
beneficial, but results in a longer slope. The 
net effect of slope flattening is, on the whole, 
slightly advantageous. 

The surface texture and minor undulations 
(humps and hollows) on a slope affects the 
velocity of flow and penetration of water into 
the soil. Erosion from a smooth compacted 
surface may be 50% more than that from a 
loose surface that has undulations of 300 mm. 

Soil Erodibility 

Cohesionless Soils are those that have little or 
no adhesion between the particles, although 
sometimes the particles form bonds by the 
presence of cementing agents or clay. 

The potential for erosion for cohesionless soils 
increases as particle size decreases. Silt and 
fine sand particles are the most highly 
erodible. Moreover, finer particles are very 
easily transported by water and take the 
longest time to settle out of standing water, as 
shown in Figure 6. 



CONTROL OF EROSION & ShXLLOW SLOPE MOVEMENT Pave A-4 

0.10 1.00 10.00 
Particle Size Diameter (mm) 

Fig. 6 Settling time for sand and silt in water. 

Cover Condition 

The effect of removing plant cover is easily 
seen when construction starts. Vegetation 
controls erosion by: 

reducing raindrop impacts on the soil, 
slowing runoff velocity, and 
increasing water infiltration into the soil 
mass. 

Figure 7 illustrates how roots reinforce the 
strength of the soil mass and help maintain 
stability in this layer. 

Soil with 
Roots 

L, m 
2 .I- ' /-< Root-free 

Soil 

Normally 0, = 

Depth- 

Fig. 7 Effect of root reinforcement on soil strength. 

Roots in a soil provide fibres of high tensile 
strength within a material of lower strength. 
The strength of the soil/root system increases 
in direct proportion to the strength, depth and 
concentration of the roots. Other forms of 
cover protection for erodible soils include 
naturally occurring gravels and coarse 
outwash deposits. 

2.3 Erosion Assessment 

Assessing the amount of potential erosion for 
a si te can be made by the Universal Soil Loss 
Equation. This was developed for agricultural 
purposes and has been modified for assessing 
construction conditions. The equation is shewn 
here for illustrative purposes only; it is not 
intended that the calculations be made. It shows 
how the amount of erosion is influenced by 
changes in the values of the individual factors 
(rainfall and runoff, topography, soil 
erodibility and cover condition). The values 
for each factor are determined for the site and 
used to estimate the total amount of soil loss. 
The equation is as follows: 

Soil Loss = Area (A) x 
Rainfall Factor (R) x 
Soil Erodibility Factor (K) x 
Topographic Factor (LS) x 

Erosion Cover Factor (VM) 

In general, erosion increases as the value of the 
individual factors increase. 

Computing the rainfall and runoff factor (R) 
requires detailed statistics of rainfall. 
Although rainfall is not controllable, the 
surface runoff may be lowered by construction 
of diversion ditches. Rainfall and runoff 
should be considered when preparing the 
Sediment and Drainage Management Plan. 



CONTROL OFEROSION & SHALLOW SLOPE MOVEMENT Pave A-5 

The soilerodibility factor ( K )  ranges from 0.1 
to 0.7, with values above 0.3 representing very 
erodible soil. Soil properties affecting it are: 
+ particle size distribution, especially the 

percent silt and very fine sand (0.050 - 
0.100 mm), and medium and fine sand 
(0.100 - 2.00 mm), 
soil structure (very fine granular to blocky), 

+ permeability (rapid to very slow), and 
percentage of organic matter. 

Changes in silt and organic content have 
significant impacts on soil erodibility, as 
illustrated in Figure 8. 

10 20 30 40 50 60 70 80 
Sill & very fine sand (%] 

Fig. 8 Erodibility factor for silt and sand. Note 
the important effect of organic content. 

Any natural silty deposit with more than about 
50% passing the 0.100 mm screen is potentially 
highly erodible. Precautions should be taken to 
provide erosion protection of such soils as 
construction proceeds. 

The topographic factor (IS) increases as the 
angle increases, and therefore erosion can be 
decreased by slope flattening. The effect of 
changing slope angle on the topographic 
factor is shown in Figure 9. 

Fig. 9 Influence of slope angle on the topographic 
factor. 

The benefits of slope flattening are offset, to 
some extent, by the slope lengthening that 
increases the Area. The net benefit is shown in 
Figure 10, where the total amount of erosion 
for various slope angles is compared to that 
for a 1.51 slope (horizontal:vertical). 

1.5 2 2.5 3 3.5 4 
Slope Angle (Horizontal: 1 Ve-rlical) 

Fig. 10 Net reduction in erosion by slope 
flattening 

Figure 10 shows that to achieve a 20% 
reduction in eroded amount, a 1.51 slope 
would have to be flattened to about 3.7:l. 
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The cover factor (VM) is a measure of the 
erosion protection provided by a cover on an 
erodible material. Covers include aggregate, 
manufactured blankets and vegetation. 

The type of soil cover required depends on the 
site conditions: coarse granular material or 
rockfill may be necessary under situations 
where immediate protection is necessary. For 
most sites, use of vegetation is the most cost- 
effective method for protecting the soil. 

Some typical cover factors are shown in 
Table 1. The change in the factor and in the 
amount of erosion are based on the freshly- 
disked ground condition. 

Conditions 

Construction 

Freshlydisked ground 
Compacted by dozer 
Dozer tracked 

Grass 

After seeding 
After 12 months 

Seedlings 

0 to 60 days 
60 days to 1 year 
After 1 year 

- 
Factor 
(VM) - 

1.00 
1.30 
0.90 

0.64 
0.38 

0.40 
0.05 
0.01 

Erosion 
Change 

-30% 
-10% 

-36% 
-62% 

-60% 
-95% 
-99% 

Table 1. Typical cover factors. 

When other erosion factors remain the same, 
this table shows that: 
P a very large reduction in the amount of 

erosion can be achieved by using 
vegetation covers, and 

P erosion diminishes significantly as 
vegetation becomes established. 

2.4 Sensitivity of Factors 

It is obvious that certain erosion control 
measures are more cost effective than others. 
From the foregoing, some general points can 
be made: 

The Rainfall and Runoff Factor can be 
minimized by controlling the amount of 
water entering the construction site (such 
as by diversion ditches and dykes). This 
can result in a proportional reduction in 
erosion potential and is therefore one of the 
most effective ways to minimize erosion. 

In very erodible soils (e.g. silt and very fine 
sand), incorporating a small amount of 
organics (-2%) into the surface layer can 
result in a significant reduction (-20%) in 
the Erodibility Factor. 

+ While the Topographic Factor can be 
lowered by slope flattening, a relatively 
small reduction in the factor requires a 
significant change in slope angle. 
Consequently, changing this factor is not a 
very effective way to control erosion on a 
construction project. 

+ Improving the Cover Factor, by 
appropriate selection of cover, is one of the 
best ways to lower erosion potential. For 
very sensitive conditions, where immediate 
protection is necessary, use of coarse 
aggregate cover may be required. 
Vegetation covers have a significant 
impact, particularly when fully established. 

It is evident that using a combination of runoff 
control and placement of appropriate covers is 
the most viable method to mitigate erosion. 
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2.5 Erosion Control Management 

The environment can be better protected by 
minimizing the amount of fine material entering 
surface water by using effective erosion control 
practices, than by t y i n g  to contain and treat 
sedimented water before it enters watercourses. 

An effective way to manage erosion is through 
preparation of a Sediment and Drainage 
Management Plan, before carrying out 
construction. Such plans are being requested 
of contractors more frequently. They identify 
sensitive or potential problem areas, and 
provide a workplan strategy for anticipating 
and mitigating against siltation of the aquatic 
environment during the construction period. 
These plans should focus on: 

+ controlling water flows to and from the 
site, 

+ keeping runoff velocities low and retaining 
runoff on the site, 
timing the work for the most favourable 
weather period, 

+ keeping the exposure period short, 
+ minimizing the area exposed, especially for 

very erodible soils, and 
+ timing the application of slope covers to 

maximize their effectiveness. 

It is important to compare continually the 
actual conditions with those originally 
anticipated. The plan must be revised to take 
account of changes that arise. These include 
changes in: 

Subsurface Conditions 

Subsurface conditions frequently change as 
construction proceeds. Soil materials may 
differ from those expected, and groundwater 
may be encountered in places or amounts that 
were not anticipated. Given the relatively 
small amount of subsurface information 
available before construction proceeds, 
variations in conditions can generally be 
expected. Not all subsurface changes, 
however, cause problems. 

Runoff 

The runoff into and at the construction site 
may not be well defined on plans, particularly 
for undeveloped areas. Excavations that 
intercept minor drainage courses may result in 
a significant increase in erosion potential. 
Such courses may require assessment, and 
perhaps diversion, to ensure protection of the 
work site. 

Scheduling 

When the construction schedule changes, the 
impact of the revised schedule on erosion 
potential must be considered. The increased 
risk of constructing in a more sensitive soil, 
the requirements for revegetation, and the 
possible impacts of working in a wetter time 
of year, must all be evaluated. 

subsurface conditions, 
runoff, and 
construction scheduling. 
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3. SHALLOW SLOPE MOVEMENT 

3.1 Types of Movement 

Shallow slope movement involves the mass 
movement of a soil slope, and includes 
slumping and flow of the mass. The principal 
impact is local, as the mass typically comes to 
rest a short distance from the base of the slope. 
The mass often enters or blocks drainage 
courses and ditches. Because the mass is 
loose, broken and sometimes fluid, it is easily 
eroded by surface water. Fines can be carried 
into adjacent watercourses or sedimentation 
ponds. The small size of fine soils require a 
long time to settle out. In addition to the 
surface runoff, water may come from 
groundwater sources and often cause shallow 
slope movement. 

Fig. 11. Shallow slope movement into a ditch, 
leading to more erosion. 

The purpose of this section is to outline briefly 
some slope movement situations typically 
encountered during and soon after the end of 
construction. These events often occur in the 
wet season between late fall and early spring. 
At such times they can lead to significant 
environmental damage since construction 
personnel are not always on site in winter and 
options to mitigate impacts may be limited. 

3.2 Factors in Slope Movement 

Shallow slope mauement, or failures, are caused by 
the soil having insufficient strength to stand at the 
constructed slope angle. 

The required slope angle to avoid failure 
conditions is a function of: 

soil type, 
moisture condition, and 
soil density. 

For a particular soil type (gravel, sand, silt, 
clay or mixed soils), stability decreases with a 
rise in moisture content and a fall in soil 
density. The geotechnical designer is in the 
best position to determine the appropriate 
slope angle for an excavation or fill. 

Typical required slope angles for compacted 
soils are given in Table 2. 

Material 

Gravel and sand 

%silt & clay 40% 

30 - 50% 

Silt, sandy silt 

Silty clay 

Slope Angle* 

(horizvert) 

1.51 

2:l - 2.251 

2:l - 2.51 

2.25:l - 3 1  
The higher values are for higher moisture contents. 

Table 2. Typical slope angles for various soils. 

Changes in Soil Strength 

Soil strength varies with time, primarily 
because the soil moisture is not constant. For 
that reason, a slope that has been constructed 
in summer when moisture conditions are low, 
may fail in winter as the material becomes 
wetter. 
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Groundwater 

A high water table may be encountered 
during excavation. They are usually very 
obvious in a permeable material (sand or 
gravel) since the water will seep or flow out of 
the slope. In silt and clay soils, the effect is 
less obvious, and a high water table may be 
noted as sponginess of the soil. 

3.3 Slope Movement Assessment 

Predicting locations where shallow slope 
movement may occur is difficult. Such 
predictions are particularly difficult to make 
when observing construction during dry 
conditions. 

A rise in groundwater after construction can 
lead to failure of excavated slopes below the 
water table, due to high hydrostatic and 
seepage forces. Slopes may be constructed 
during the low water level period in summer 
without incident, but fail in winter as the 
groundwater level rises. Excavated slopes 
that may be below the water table at any time 
of the year should be designed to prevent 
sloughing and erosion of the soil. 

Fig. 12. Failure in a sand stratum with a 
high water table 

In high groundwater, or potential high 
groundwater, conditions: 

the slope angles used for normal conditions 
should be reduced by half (e.g. reduced from 2:1 
to3:1), unless adequate groundwater control is 
provided, 
construction procedures should be modified to 
ensure slope stability is maintained and water 
flow is controlled as the work proceeds, 
geotechnical advice should be obtained. 
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4. EROSION AND SLOPE MOVEMENT IN 
CONSTRUCTION 

Earthwork construction involves both cuts and 
fills that have different erosion and slope 
failure characteristics. For this reason, erosion 
and slope movement in cuts, fills and waste 
areas will be treated separately. 

Silts and Clays 

These soils often have high water tables, 
especially in wet regions. Appropriate slope 
angles and/or slope treatment should be 
anticipated for construction to decrease the 
risk of slope movement or erosion. 

4.2 Fills 
4.1 Excavations 

During construction it is important to 
compare the actual conditions with the ones 
anticipated in design. 

Particular note should be made of the 
following conditions: 

Slopes 

When runoff is allowed to flow down an 
excavated slope, the risk of erosion is high. 
This is particularly so when there is the 
possibility of concentrated flow (see Fig. 5), 
and when fine sands or silts are present (see 
Fig. 2). A combination of diversion ditches 
and slope blankets may be considered. 

Groundwater 

In summer, a granular layer may be dry but in 
winter it is often waterbearing. In these cases, 
groundwater may cause the granular soil to 
flow. When fine grained soil underlies the 
granular soil, there is a greater chance of 
seepage breakout at the interface, with 
consequent risk of erosion and slope 
movement. Similar conditions are likely when 
the strata consist of: 
Ã Layered silt and sand, and 
Ã Gravel or sand layers in silt or clay strata. 

Post construction mass failure of fills is 
usually associated with some condition of the 
ground below the fill, such as a sloping 
surface, poor foundation soil, etc. 

Shallow Failure 

The outer surface of a fill is usually less 
compact than the remainder. During wet 
weather, the outer layer will increase in 
moisture content and the slope that has 
adequate stability in dry conditions can fail. 
This is often evident in fills with side slopes of 
1.5:l that are built from till or similar mixed 
soils with a fine-grained matrix. 

Fig. 13. Surface slumping on a fill slope in till. 

Shallow failures often occur during the first 
winter after construction. Such failures take 
the form of shallow slumping and flow in the 
top 1-2 m from the fill surface. They can be 
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mitigated by planting deep-rooting 
vegetation, with sufficient time to become 
established before winter. 

Erosion 

Rill and gully erosion on the sides of fills often 
results from runoff flowing over the crest of 
the slope. The flow also contributes to the 
conditions shown in Figure 13. Preventing 
such flows in the first instance and provision 
of appropriate slope covers are important in 
minimizing erosion. 

Topsoil and Slope Dressing 

These materials are usually placed in a loose 
condition, and movement and erosion 
problems can result. 

a. Unroughened underlying slope 

If the underlying material is impermeable, 
such as clay or till, and is left smooth, the 
conditions provide an excellent slip plane 
for the soil to move downslope. Slopes cut 
in hard and impermeable soils that are to 
be covered with topsoil or slope dressing 
should first be roughened. 

b. Steep Slopes 

Very often, slopes are "dressed" by blading 
uncompacted material on a cut slope to 
provide a better looking surface. This soil 
may be placed at a slope steeper than it is 
stable at and can result in a slump failure 
during wetter periods. 

Unless a deep-rooting groundcover is 
placed, a topsoil layer placed at 2:1 is liable 
to slide in winter. Even an established 

cover of grass may be insufficient to bind 
the material to the underlying soil. 

The solution is to use shrubs, cuttings and 
appropriate vegetation to form a mat that 
binds to the underlying soil. Again, the 
underlying soil should be scarified before 
topsoil placement. 

Fig. 14. Failure of topsoil placed on a smooth, 
1 5 1  slope. 

c. Smooth surface 

Dressed slopes should not be left in a 
smooth and "glazed" condition that 
prevents water infiltration. Grooving that 
runs down the slope, when shaping is done 
by buckets with teeth, promotes rill 
formation. Where possible provide a 
terracing effect by shaping across the slope. 

4.3 Waste Areas 

While these are outside the actual highway zone, 
t h y  require equal consideration to the fills, cuts 
and drainage that form part of new highways. 

Attention should be given to the location, 
placement and erosion protection features to 
minimize adverse impacts, particularly with 
respect to the overall drainage patterns. 
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The materials placed in a waste area may 
include: 
+ relatively good material that is surplus to the 

project, or 
+ material that is in a condition that makes it 

unsuitable for construction. 

The latter includes soil that is too wet to be 
placed and compacted, or soil that includes a 
high proportion of organics. 

In either case, the material is unlikely to be 
compacted, and probably only dumped and 
intermittently levelled with a dozer. 

The lack of compaction means that whether 
the soil is good or unsuitable, the side slope 
should be relatively flat. For good material, 
the slope should be no steeper than about 31. 
For unsuitable material it should be 4:l or less, 
depending on moisture conditions. 

In addition to relatively flatter slopes, the 
material in waste areas should be placed to 
minimize risk of failure and environmental 
damage. Procedures could include: 

Dyking 
+ Make a perimeter dyke of good material at 

some distance from the toe of the proposed 
waste fill, to trap any material that slumps 
or erodes from the waste fill. 

+ Where the waste is useable material, 
construct the outside layer of fill by making 
a dyke at the toe of the fill and compacting 
with construction traffic. Use a side slope 
at least 50% flatter than what would be 
used for compacted fill of the same 
material. Increase the height of the 
compacted dyke as the fill level is raised. 

Fig. 15. A waste area with a protection dyke. 

Drainage 
Maintain drainage around the perimeter of 
the waste area by ditching so water does 
not pond against the waste. 

+ Configure the waste pile to direct water 
around it to the drainage system. 

Slope the upper surface of the waste 
material at a low angle to shed water to an 
appropriate drainage ditch without causing 
erosion of the sides of the fill. - 

Provide ditching 
or shape fill 

i Waste Ell 
to direct water. 

\ 

I 

Fig. 16 Schematic drainage for waste areas 

+ Revegetate with grasses and live cuttings 
progressively as side slopes are stabilized, 
allowing adequate time for vegetation to 
become well established before winter. 
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5. EXAMPLES OF EROSION AND SLOPE 
MOVEMENT 

Observation of erosion and slope movement 
situations that arise during construction may 
help to assess conditions that arise elsewhere. 
The following examples have been observed 
on construction projects. 

high, where both sides of the highway are on 
fill. It shows significant seepage flow coming 
out of the slope. The problem occurred in late 
winter, after completion of work in the fall. A 
layer of rockfill partway up the slope was 
suspected of forming a reservoir for water. 
Water entering through the unpaved surface 
finally caused severe slumping of the sides. 

a. Anticipated groundwater 

Fig. 18 High seepage flows from a slope. 

Fig. 17 A slope designed to control groundwater 

Situation 
The strata encountered in an excavation 
included, in order: shallow waterbearing 
gravel, till, and water-bearing sand. 

Solution 
Figure 17 shows a granular blanket at 2 1  
placed on the sand. A 300 mm perforated pipe 
in the ditch line runs about quarter-full in 
winter. An interceptor ditch at the top of the 
slope diverts a large volume of surface flow 
away from the slope. These conditions were 
anticipated in design. 

b. Unexpected seepage conditions 

Situation 
Figure 18 illustrates a very unusual condition. 
It shows 1.51 fill slope of an embankment 10m 

Solution 
Water entering the rock layer from seepage 
from the fill surface would diminish when the 
road was paved and surface water controlled. 
The sideslope is very steep for the material 
used, and the fill slope would be marginally 
stable unless stabilized by a granular blanket, 
rock finger drains, or bioengineering (use of 
vegetation for soil stabilization). 

c. Over steep slope 

Situation 
This is an example of how slopes that seem 
satisfactory in dry summer conditions, fail in 
wet winter conditions. Figure 19 shows a 
slope that was trimmed properly during 
construction in summer. A combination of 
increased moisture over winter, a fine-grained 
matrix, and a dressed but not sufficiently 
compacted surface, resulted in slumping. 


