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PREFACE

THE VETIVER SYSTEM
FOR SLOPE STABILIZATION

AN ENGINEER'S HANDBOOK

The Vetiver System (VS) is dependent on the use of a very unique
tropical plant, vetiver grass, Vetiveria zizanioides — recently
reclassified as Chrysopogon zizanioides. The plant can be grown
over a very wide range of climatic and soil conditions, and if planted
correctly can be used virtually anywhere under tropical, semi-tropical,
and Mediterranean climates. It has characteristics that in totality are
unique to a single species. When vetiver grass is grown in the form of
a narrow self-sustaining hedgerow it exhibits special characteristics
that are essential to many of the different applications that comprise
the Vetiver System.

Vetiver grass can be used for applications that will protect river basins
and watersheds against environmental damage, particularly from point
source factors relating to: 1. sediment flows (often associated with
agriculture and infrastructure), and 2. toxic chemical flows resulting
from excess nutrients, heavy metals and pesticides in leachate from
agriculture and other industries. Both are closely linked.

This handbook is a modified extraction from Vetiver Systems
Applications - A Technical Reference Manual (2008) by Paul Truong,
Tran Tan Van, and Elise Pinners, and focuses on the protection of
infrastructure and for disaster mitigation by applying the Vetiver
System to slope stabilization. It draws on ongoing vetiver work in
Vietnam and elsewhere in the world. Its technical recommendations
and observations are based on real life situations, problems and
solutions. The handbook is primarily for engineers and others with res
ponsibility for the construction and protection of infrastructure.

Dick Grimshaw
Founder and Chairman of The Vetiver Network International.
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FORWARD

Based on the review of the huge volume of Vetiver System research
and application, the authors considered that it was time to compile a
new publication to replace the first World Bank published handbook
(1987), Vetiver Grass - A Hedge Against Erosion (commonly known as
the Green Book), prepared by John Greenfield. This handbook is one
of three, and focuses on the use of the Vetiver System for infrastructure
protection through its application for slope stabilization.

The handbook includes the most up to date R&D results and numerous
examples of highly successful results from around the world and
particularly from Vietnam, where an intensive country wide vetiver
program has been introduced since 2000. The main aim of this
handbook is to introduce VS to planners, design and construction
engineers and other potential users involved with infrastructure at
all levels, who often are unaware of the effectiveness of the Vetiver
System for bio-engineering applications.

In addition to the information in this handbook there are many articles
and research papers relating to the use of the Vetiver System for slope
stabilization on the Vetiver Network's website at: www.vetiver.org.

Details about the authors, and acknowledgments of those who
contributed to this handbook can be found in the master manual Vetiver
Systems Applications - A Technical Reference Manual (2008). It is
suffice to say that we deeply acknowledge and appreciate all those
involved in this handbook production.

The principle author of this handbook is Tran Tan Van, Vice-Director
of the Vietnam Institute of Geosciences and Mineral Resources in

Vietnam and Coordinator of The Vietnam Vetiver Network.

Paul Truong, Tran Tan Van and Elise Pinners.
The authors.
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1. INTRODUCTION

The Vetiver System (VS), which is based on the application of vetiver
grass (Vetiveria zizanioides L Nash, now reclassified as Chrysopogon
zizanioides L Roberty), was first introduced by the World Bank for
soil and water conservation in India in the mid 1980s. While this
application still plays a vital role in agricultural land management,
R&D conducted in the last 20 years has clearly demonstrated that, due
to vetiver grass’ extraordinary characteristics, VS also has important
application as a bioengineering technique for steep slope stabilization,
wastewater disposal, phyto-remediation of contaminated land and
water, and other environmental protection purposes.

What does the Vetiver System do and how does it work?

VS is a very simple, practical, inexpensive, low maintenance and
very effective means of soil and water conservation, sediment control,
land stabilizations and rehabilitation, and phyto-remediation. Being
vegetative it is also environmental friendly. When planted in single
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rows vetiver plants will form a hedge which is very effective in slowing
and spreading run off water, reducing soil erosion, conserving soil
moisture and trapping sediment and farm chemicals on site. Although
many hedges can do this, vetiver grass, due to its extraordinary and
unique morphological and physiological characteristics described
below can do it better than all other systems tested. In addition, the
extremely deep and massively thick root system of vetiver binds the
soil and at the same time makes it very difficult for it to be dislodged
under high velocity water flows. This very deep and fast growing root
system also makes vetiver very drought tolerant and highly suitable
for steep slope stabilization.

The Extension Workers Manual, or the Little Green Book
Complementing this handbook is the slim green extension workers
pocket book first published be the World Bank in 1987 and referred
to on page ii as Vetiver Grass - A Hedge Against Erosion, or more
commonly known the “little green book” by John Greenfield. This
handbook is far more technical in its description of the Vetiver System
and is aimed at engineers, technicians, academics, planners and
Government officials and land developers.

2. SPECIAL CHARACTERISTICS OF VETIVER GRASS

2.1 Morphological characteristics:

e Vetiver grass does not have stolons or rhizomes. Its massive
finely structured root system that can grow very fast, in some
applications rooting depth can reach 3-4m in the first year.
This deep root system makes vetiver plant extremely drought
tolerant and difficult to dislodge by strong current.

e Stiff and erect stems, which can stand up to relatively deep
water flow - photo 1.

e Highly resistance to pests, diseases and fire - photo 2.

e Adense hedge is formed when planted close together acting as
a very effective sediment filter and water spreader.

* New shoots develop from the underground crown making
vetiver resistant to fire, frosts, traffic and heavy grazing
pressure.

e New roots grow from nodes when buried by trapped
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sediment. Vetiver will continue to grow up with the deposited
silt eventually forming terraces, if trapped sediment is not
removed.

together.

2.2 Physiological characteristics

Tolerance to extreme climatic variation such as prolonged
drought, flood, submergence and extreme temperature from
-15°C to +55°C.

Ability to regrow very quickly after being affected by drought,
frosts, salinity and adverse conditions after the weather
improves or soil ameliorants added.

Tolerance to wide range of soil pH from 3.3 to 12.5 without
soil amendment.

High level of tolerance to herbicides and pesticides.

Highly efficient in absorbing dissolved nutrients such as N
and P and heavy metals in polluted water.

Highly tolerant to growing medium high in acidity, alkalinity,
salinity, sodicity and magnesium.

Highly tolerant to Al, Mn and heavy metals such as As, Cd,
Cr, Ni, Pb, Hg, Se and Zn in the soils.



2.3 Ecological characteristics

Although vetiver is very tolerant to some extreme soil and climatic
conditions mentioned above, as typical tropical grass, it is intolerant
to shading. Shading will reduce its growth and in extreme cases, may
even eliminate vetiver in the long term. Therefore vetiver grows best

]
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Photo 2: Upper: Vetiver grass surviving forest fire;
lower: two months after the fire.

in the open and weed free environment, weed control may be needed
during establishment phase. On erodible or unstable ground vetiver
first reduces erosion, stabilizes the erodible ground (particularly steep
slopes), then because of nutrient and moisture conservation, improves
its micro-environment so other volunteered or sown plants can establish
later. Because of these characteristics vetiver can be considered as a
nurse plant on disturbed lands.
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Photo 3: On coastal sand dunes in Quang Binh (upper)
and saline soil in Go Cong Province (lower).



Photo 4: On extreme acid sulfate soil in Tan An (upper)
and alkaline and sodic soil in Ninh Thun (lower).

2.4 Cold weather tolerance of vetiver grass

Although vetiver is a tropical grass, it can survive and thrive under
extremely cold conditions. Under frosty weather its top growth dies
back or becomes dormant and ‘purple’ in colour under frost conditions
but its underground growing points survived. In Australia, vetiver
growth was not affected by severe frost at —14°C and it survived for
a short period at —22°C (-8°F) in northern China. In Georgia (USA),
vetiver survived in soil temperature of -10°C but not at —15°C. Recent
research showed that 25°C was optimal soil temperature for root growth,
but vetiver roots continued to grow at 13°C. Although very little shoot
growth occurred at the soil temperature range of 15°C (day) and 13°C
root growth continued at the rate of 12.6cm/day, indicating that vetiver

grass was not dormant at this temperature and extrapolation suggested
6



that root dormancy occurred at about 5°C (Fig.1).
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Figure 1: The effect of soil temperature on the root growth of vetiver.

2.5 Summary adaptability range

Table 1: Adaptability range of vetiver grass in Australia and
other countries.

Aluminium level (Al
Sat. %)

Manganese level

Between 68% - 87%

> 578 mgkg!

Condition Australia Other Countries
characteristic
Adverse Soil
Conditions
Acidity (pH) 3.3-95 4.2-12.5 (high level
soluble Al)
Salinity (50% yield 17.5 mScm’!
reduction)
Salinity (survived) 47.5 mScm™!

Sodicity

48% (exchange Na)

Magnesicity

2400 mgkg' (Mg)

continued on next page ....




infertile soil due to
its strong association
with mycorrhiza

Condition Australia Other Countries
characteristic
Fertilizer
vetiver can be N and P N and P, farm manure
established on very (300 kg/ha DAP)

rain)

Heavy Metals
Arsenic (As) 100 - 250 mgkg'!
Cadmium (Cd) 20 mgkg!
Copper (Cu) 35 - 50 mgkg
Chromium (Cr) 200 - 600 mgkg!
Nickel (Ni) 50 - 100 mgkg'!
Mercury (Hg) > 6 mgkg!
Lead (Pb) > 1500 mgkg™!
Selenium (Se) > 74 mgkg!
Zinc (Zn) >750 mgkg!
Location 15°S to 37°S 41°N - 38°S
Climate
Annual Rainfall (mm) 450 - 4000 250 - 5000
Frost (ground temp.) -11°C -22°C
Heat wave 45°C 55°C
Drought (no effective 15 months

Palatability

Dairy cows, cattle, horse,

rabbits, sheep, kangaroo

Cows, cattle, goats,
sheep, pigs, carp

Nutritional Value

N=11%
P=0.17%
K=22%

Crude protein 3.3%
Crude fat 0.4%

Crude fibre 7.1%

Genotypes: VVZ008-18, Ohito, and Taiwan, the latter two are basically the
same as Sunshine. Temperature treatments: day 15°C /night 13°C (PC: YW

Wang).



2.6 Genetic characteristics
Three vetiver species are used for environmental protection purposes.

2.6.1 Vetiveria zizanioides reclassified as Chrysopogon zizanioides
There are two species of vetiver originating in the Indian subcontinent:
Chrysopogon zizanioides and Chrysopogon lawsonii. Chrysopogon
zizanioides has many different accessions. Generally those from south
India have been cultivated and have large and strong root systems.
These accessions tend towards polyploidy and show high levels of
sterility and are not considered invasive. The north Indian accessions,
common to the Gangetic and Indus basins, are wild and have weaker
root systems. These accessions are diploids and are known to be weedy,
though not necessarily invasive. These north Indian accessions are
NOT recommended under the Vetiver System. It should also be noted
that most of the research into different vetiver applications and field
experience have involved the south Indian cultivars that are closely
related (same genotype) as Monto and Sunshine. DNA studies confirm
that about 60% of Chrysopogon zizanioides used for bio-engineering
and phytoremediation in tropical and subtropical countries are of the
Monto/Sunshine genotype.

2.6.2 Chrysopogon nemoralis

This native vetiver species are wide spread in the highlands of Thailand,
Laos, and Vietnam and most likely in Cambodia and Myanmar as
well. It is being widely used in Thailand for thatching purpose. This
species is not sterile, the main differences between C. nemoralis and
C. zizanioides, are that the latter is much taller and has thicker and stiff
stems, C. zizanioides has a much thicker and deeper root system and
its leaves are broader and has a light green area along the mid ribs, as
shown on the photos below - photos 5-8.



Photo 5: Vetiver leaves, upper: C. zizanioides, lower: C. nemoralis.

V. nem oralis 3

Photo 6: Difference between C. zizanioides (upper) and C. nemoralis
roots (lower).
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Photo 7: Vetiver shoots: upper - C. nemoralis, lower - C. zizanioides.
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Photo 8: Vetiver roots after being grown in soil (top left and right), and
after being grown suspended in water (lower).
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Although C. nemoralisis not as effective as C. zizanioides, farmers have
also recognized the usefulness of C. nemoralis in soil conservation;
they have used it in the Central Highlands as well as in some coastal
provinces of Central Vietnam such as Quang Ngai to stabilize dikes in
rice fields, - photo 9.

Photo 9: C. nemoralis on a rice field bund in Quang Ngai (upper), and
wild in Central Highlands (lower).

2.6.3 Chrysopogon nigritana

This species is native to Southern and West Africa, its application is
mainly restricted to the sub continent, and as it produces viable seeds
its application should be restricted to their home lands - photo 10.
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2.7 Weed potential

Vetiver grass cultivars derived from south Indian accessions are non-
aggressive; they produce neither stolons nor rhizomes and have to be
established vegetatively by root (crown) subdivisions. It is imperative
that any plants used for bioengineering purposes will not become a
weed in the local environment; therefore sterile vetiver cultivars

(such as Monto, Sunshine, Karnataka, Fiji and Madupatty) from south
Indian accessions are ideal for this application. In Fiji, where vetiver
grass was introduced for thatching more than 100 years ago, it has
been widely used for soil and water conservation purposes in the sugar
industry for over 50 years without showing any signs of invasiveness.
Vetiver grass can be destroyed easily either by spraying with glyphosate
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(Roundup) or by cutting off the plant below the crown.

3. CONCLUSION

Due to C. nemoralis low growth forms and most importantly very
short root system it is not suitable for steep slope stabilization works.
In addition, no research has been conducted on its wastewater disposal
and treatment, and phyto-remediation capacities, it is recommended
that only non fertile cultivars of C. zizanioides be used for applications
listed in this manual.
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1. TYPES OF NATURAL DISASTERS THAT CAN BE
REDUCED BY USING THE VETIVER SYSTEM (VS)

Besides soil erosion, the Vetiver System (VS) can reduce or even
eliminate many types of natural disasters, including landslides,
mudslides, road batter instability, and erosion (river banks, canals,
coastlines, dikes, and earth-dam batters).

When heavy rains saturate rocks and soils, landslides and debris-flows
occur in many mountainous areas of Vietnam. Representative examples
are the catastrophic landslides, debris flows and flash flooding in the
Muong Lay district, Dien Bien province (1996), and the landslide on
the Hai Van Pass (1999) that disrupted North-South traffic for more than
two weeks and cost more than $1 million USD to remedy. Vietnam’s
largest landslides, those larger than one million cubic meters (among
them Thiet Dinh Lake, Hoai Nhon district, Binh Dinh province, in
An Nghiép and An Linh communes, Tuy An district, and Phu Yen
province), caused loss of life as well as property damage.

River bank and coastal erosion, and dike failures happen continually
throughout Vietnam. Typical examples include: river bank erosion in
Phu Tho, Hanoi, and in several central Vietnam provinces (including
Thua Thien Hue, Quang Nam, Quang Ngai and Binh Dinh); coastal
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erosion in Hai Hau district, Nam Dinh province, and; riverbank
and coastal erosion in the Mekong Delta. Although these events
and flooding/storm disasters usually occur during the rainy season,
sometimes riverbank erosion takes place during the dry season, when
water drops to its lowest level. This happened in Hau Vien village,
Cam Lo district, in Quang Tri province.

Landslides are more common in areas where human activities play a
decisive role. Almost 20 percent or 200 km (124 miles) of more than
1000 km (621 miles) of the Ha Tinh - Kon Tum section of the Ho Chi
Minh Highway is highly susceptible to landslide or slope instability,
mainly because of poor road construction practices and an underlying
failure to understand the unfavourable geological conditions. Recent
landslides in the towns of Yen Bai, Lao Cai, and Bac Kan followed
municipal decisions to expand housing by allowing cutting at increased
slope gradients.

Major earthquakes have also generated landslides in Vietnam, including
the 1983 slide in Tuan Giao district, and the 2001 slide along the route
from Dien Bien town to Lai Chau district.

From a strictly economic point of view, the cost of remediating these
problems is high and the State budget for such works is never sufficient.
For example, river bank revetment usually costs between US $200,000-
300,000 /km, sometimes running as high as US $700,000-$1 million
/km. The Tan Chau embankment in the Mekong Delta is an extreme
case that cost nearly US $7 million /km. River bank protection in
Quang Binh province alone is estimated to require an expenditure of
more than US $20 million ; the annual budget is only US $300,000 .

Construction of sea dikes usually costs between US $700,000-$1
million /km, but more expensive sections can cost upwards of US $2.5
million /km, and are not uncommon. After storm No. 7 in September
2005 washed away many improved dike sections, some dike managers
concluded that even sections engineered to withstand storms up to the
9th level are too weak, and began to seriously consider constructing
sea dikes capable of withstanding storms of up to the 12th level that
would cost between US $7-$10 million /km.

18



Budget constraints always exist, which confines rigid structural
protection measures to the most acute sections, never to the full length
of the river bank or coastline. This band aid approach compounds the
problems.

Each of these events represents a type of slope failure or mass wasting,
reflecting the down slope movement of rock debris and soil in response
to gravitational stresses. This movement can be very slow, almost
imperceptible, or devastatingly rapid and apparent within minutes.
Since many factors influence whether natural disasters will occur, we
should understand the causes as well as some basic principles of slope
stabilisation. This information will allow us to effectively employ VS
bioengineering methods to reduce their impact.

2. GENERAL PRINCIPLES OF SLOPE STABILITY AND
SLOPE STABILISATION

2.1 Slope profile

Some slopes are gradually curved, and others are extremely steep.
The profile of a naturally-eroded slope depends primarily on its rock/
soil type, the soil’s natural angle of repose, and the climate. For slip
resistant rock/soil, especially in arid regions, chemical weathering
is slow compared to physical weathering. The crest of the slope is
slightly convex to angular, the cliff face is nearly vertical, and a debris
slope is present at a 30-35° angle of repose, the maximum angle at
which loose material of a specific soil type is stable.

Non-resistant rock/soil, especially in humid regions, weathers rapidly
and erodes easily. The resulting slope contains a thick soil cover. Its
crest is convex, and its base is concave.

2.2 Slope stability

2.2.1 Upland natural slope, cut slope, road batter etc.

The stability of such slopes is based on the interplay between two
types of forces, driving forces and resisting forces. Driving forces
promote down slope movement of material, while resisting forces
deter movement. When driving forces overcome resisting forces, these
slopes become unstable.
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2.2.2 River bank, coastal erosion and instability of water retaining
Structures

Some hydraulic engineers may argue that bank erosion and unstable
water retaining structures should be treated separately from other
types of slope failure because their respective loads are different.
In our opinion, however, both are subject to the same interaction
between “driving forces” and “resisting forces”. Failure results
when the former overcomes the latter.

However, erosion of banks and the instability of water retaining
structures are slightly more complicated; they result from
interactions between hydraulic forces acting at the bed and toe
and gravitational forces affecting the in-situ bank material. Failure
occurs when erosion of the bank toe and the channel bed adjacent
to the bank have increased the height and angle of the bank to
the point that gravitational forces exceed the shear strength of the
bank material. After failure, failed bank material may be delivered
directly to the flow and deposited as bed material, dispersed as
wash load, or deposited along the toe of the bank either as intact
block, or as smaller, dispersed aggregates.

Fluvial controlled processes of bank retreat are essentially twofold.
Fluvial shear erosion of bank materials results in progressive
incremental bank retreat. Additionally, a rise in bank height due
to near-bank bed degradation or an increase in bank steepness
due to fluvial erosion of the lower bank may act alone or together
to decrease the stability of the bank with respect to mass failure.
Depending on the constraints of its material properties and the
geometry of its profile, a bank may fail as the result of any one
of several possible mechanisms, including planar, rotational, and
cantilever type failures.

Non-fluvial controlled mechanisms of bank retreat include the
effects of wave wash, trampling, and piping - and sapping-type
failures, associated with stratified banks and adverse groundwater
conditions.
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2.2.3 Driving forces
Although gravity is the main driving force, it cannot act alone.
Slope angle, angle of repose of specific soil, climate, slope
material, and especially water, contribute to its effect:
e Failure occurs far more frequently on steep slopes than on
gentle slopes.
*  Water plays a key role in producing slope failure especially
at the toe of the slope:

- In the form of rivers and wave action, water erodes
the base of slopes, removing support, which increases
driving forces.

- Water also increases the driving force by loading, that
is, filling previously empty pore spaces and fractures,
which adds to the total mass subjected to gravitational
force.

- The presence of water results in pore water pressure
that reduces the shear strength of the slope material.
Importantly, abrupt changes (dramatic increases
and decreases) in pore water pressure may play the
decisive role in slope failure.

- Water’sinteraction with surface rock and soil (chemical
weathering) slowly weakens slope material, and
reduces its shear strength. This interaction reduces
resisting forces.

2.2.4 Resisting forces

The main resisting force is the material's shear strength, a function
of cohesion (the ability of particles to attract and hold each other
together) and internal friction (friction between grains within a
material) that opposes driving forces. The ratio of resisting forces
to driving forces is the safety factor (SF). If SF >1 the slope
is stable. Otherwise, it is unstable. Usually a SF of 1.2-1.3 is
marginally acceptable. Depending on the importance of the slope
and the potential losses associated with its failure, a higher SF
should be ensured. In short, slope stability is a function of: rock/
soil type and its strength, slope geometry (height, angle), climate,
vegetation and time. Each of these factors may play a significant
role in controlling driving or resisting forces.
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2.3 Types of slope failure
Depending on the type of movement and the nature of the material
involved, different types of slope failure may result:

Table 1: Types of slope failure

Type of movement Material involved
Rock Soil
Falls Rock fall Soil fall
Slides Rotational Rock slump Soil slump blocks
block
Translational Rock slide debris slide
Flows Slow Rock creep Soil creep
saturated &
unconsolidated
material
earth flow
mudflow (up to
30% water)
Fast debris flow
debris avalanche
Complex Combination of two or more types of movement

In rock, usually falls and translational slides (involving one or more
planes of weakness) will occur. Since soil is more homogenous and
lacks a visible plane of weakness, rotational slides or flows occur. In
general, mass wasting involves more than one type of movement, for
example, upper slump and lower flow, or upper soil slide and lower
rock slide.

2.4 Human impact on slope failure

Landslides are natural occurring phenomena known as geological
erosion. Landslides or slope failures occur whether people are there
or not! However, human land use practices play a major role in
slope processes. The combination of uncontrollable natural events
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(earthquakes, heavy rainstorms, etc.) and artificially altered land (slope
excavation, deforestation, urbanisation, etc.) can create disastrous
slope failures.

2.5 Mitigation of slope failure

Minimizing slope failure requires three steps: identification
of potentially unstable areas; prevention of slope failure, and;
implementation of corrective measures following slope failure. A
thorough understanding of geological conditions is critically important
to decide the best mitigation practice.

2.5.1 Identification

Trained technicians identify prospective slope failure by studying
aerial photographs to locate previous landslide or slope failure sites,
and conducting field investigations of potentially unstable slopes.
Potential mass-wasting areas can be identified by steep slopes,
bedding planes inclined toward valley floors, hummocky topography
(irregular, lumpy-looking surfaces covered by younger trees), water
seepage, and areas where landslides have previously occurred. This
information is used to generate a hazard map showing the landslide-
prone unstable areas.

2.5.2 Prevention

Preventing landslides and slope instability is much more cost effective
than correction. Prevention methods include controlling drainage,
reducing slope angle and slope height, and installing vegetative cover,
retaining wall, rock bolt, or shotcrete (finely-aggregated concrete, with
admixture for fast solidifying, applied by a powerful pump). These
supportive methods must be correctly and appropriately applied by
first ensuring that the slope is internally and structurally stable. This
requires a good understanding of local geological conditions.

2.5.3 Correction

Some landslides can be corrected by installing a drainage system to
reduce water pressure in the slope, and prevent further movement.
Slope instability problems bordering roads or other important places
typically require costly treatment. Done timely and properly, surface
and subsurface drainage would be very effective. However, since
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such maintenance is usually deferred or neglected entirely, much more
rigorous and expensive corrective measures become necessary.

In Vietnam, rigid structural protection methods (concrete or rock
riprap bank revetment, groins, retaining walls, etc.) are commonly
used to stabilize slopes and riverbanks and to control coastal erosion.
Nevertheless, despite their continuous use for decades, slopes continue
to fail, erosion worsens, maintenance costs increase. So what are the
main weaknesses of these measures? From a strictly economic point of
view, rigid measures are very expensive, and state or municipal budgets
for such projects are never sufficient. A technical and environmental
analysis raises the following concerns:

* Mining of the rock/concrete occurs elsewhere, where it
undoubtedly wreaks environmental havoc.

* Localized rigid structural devices do not absorb flow/wave
energy. Since rigid structures cannot follow the local settlement,
they cause strong gradients. Strong gradients generate
additional turbulence, which creates more erosion. Moreover,
since the devices are localized, they frequently end abruptly;
they do not transit gradually and smoothly to the natural bank.
Thus, they simply transfer erosion to another place, to the
opposite side or downstream, which aggravates the disaster,
rather than reducing it for the river as a whole. Examples of
these abound in several Central Vietnam provinces.

e Structural, rigid measures introduce considerable amounts
of stone, sand, cement into the river system, displacing and
disposing large volumes of bank soil into the river. As the
river becomes silted up, its dynamics change, its bed rises,
and flood and bank erosion problems increase. This problem
is particularly grave in Vietnam where workers throw waste
soil directly into the river as they re-shape the bank. Often
they dump stone directly into the river to stabilize the toe
of unstable bank, or try to lay rock pieces on the riverbed,
which reduces the flow depth (channel) considerably. When
the embankments ultimately fail, scraps of rock baskets,
groins, etc. remain scattered in the water causing man-made
aggradation of the river bed.

* Rigid structures are unnatural and are incompatible with
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the soft ground of eroding or erodible soils. As the ground
is consolidated and/or eroded and washed away, it undercuts
and undermines the upper rigid layer. Examples include the
right bank immediately downstream of the Thach Nham Weir
(Quang Ngai province) that cracked and collapsed. Engineers
who replace concrete plates with rock riprap with or without
concrete frames leave unsolved the problem of subsurface
erosion. Along the Hai Hau sea dike, the whole section of rock
riprap collapsed as the foundation soil underneath was washed
away.

e Rigid structures only temporarily reduce erosion. They cannot
help stabilize the bank when big landslides with deep failure
surface.

e Concrete or rock retaining walls are probably the most common
engineering method employed to stabilize road batters in
Vietnam. Most of these walls are passive, simply waiting for
the slopes to fail. When the slopes do fail, the walls also fail,
as seen in many areas along the Ho Chi Minh Highway. These
structures are also destroyed by earthquakes.

Although rigid structures like rock embankments are obviously
unsuitable for certain applications, such as sand dune stabilisation,
they are still being built, as can be observed along the new road in
central Vietnam.

2.6 Vegetative slope stabilisation

Vegetation has been used as a natural bioengineering tool to
reclaim land, control erosion and stabilize slopes for centuries, and
its popularity has increased markedly in the last decades. This is
partly due to the fact that more information about vegetation is now
available to engineers, and also partly due to the cost-effectiveness
and environment-friendliness of this “soft” engineering approach.

Under the impact of the several factors presented above a slope will
become unstable due to: (a) surface erosion or ‘sheet erosion’; and
(b) internal structural weaknesses. Sheet erosion when not controlled
often leads to rill and gully erosion that, over time, will destabilize the
slope; structural weakness will ultimately cause mass movement or
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landslip. Since sheet erosion can also cause slope failure, slope
surface protection should be considered as important as other structural
reinforcements but its importance is often over looked. Protecting the
slope surface is an effective, economical, and essential preventive
measure. In many cases, applying some preventive measures will
ensure continued slope stability, and always cost much less than
corrective measures.

The vegetative cover provided by grass seeding, hydro-seeding or
hydro-mulching normally is quite effective against sheet erosion and
small rill erosion, and deep-rooted plants such as trees and shrubs
can provide some structural reinforcement for the ground. However,
on newly-constructed slopes, the surface layer is often not well
consolidated, so even well-vegetated slopes cannot prevent rill and
gully erosion. Deep-rooted trees grow slowly and are often difficult to
establish in such hostile territory. In these cases, engineers often rue the
inefficiency of the vegetative cover and install structural reinforcement
soon after construction. In short, traditional slope surface protection
provided by local grasses and trees cannot, in many cases, ensure the
needed stability.

2.6.1 Pros, cons and limitations of planting vegetation on slope.
Table 2: General physical effects of vegetation on slope

stabilization.
Effect | Physical Characteristics

Beneficial

Root reinforcement, soil arching, Root aeration, distribution

buttressing, anchorage, arresting and morphology; Tensile

the roll of loose boulders by trees strength of roots; Spacing,
diameter and embedment
of trees, thickness and
inclination of yielding strata;
Shear strength properties of
soils

Depletion of soil moisture and Moisture content of soil;

increase of soil suction by root Level of ground water; Pore

uptake and transpiration pressure/soil suction
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Interception of rainfall by foliage,
including evaporative losses.

Net rainfall on slope

Increase in the hydraulic resistance
in irrigation and drainage canals.

Manning’s coefficient

Adverse

Root wedging of near-surface rocks
and boulders and uprooting in
typhoons.

Root area ration, distribution|
and morphology

Surcharging the slope by large
(heavy) trees (sometimes beneficial
depending on actual situations).

Mean weight of vegetation

Wind loading.

Design wind speed for
required return period;
mean mature tree height for
groups of trees

Maintaining infiltration capacity

Variation of moisture
content of soil with depth

Table 3: Slope angle limitations on establishment of vegetation.

Slope angle Vegetation type
(degrees) Grass Shrubs/Trees

Low in difficulty; Low in difficulty; routine
routine planting planting techniques may be
techniques may be used

0-30 used
Increasingly difficult | Increasingly difficult to plant
for sprigging or
turfing; routine
application for hydro

30-45 seeding
Special consideration| Planting must generally be on

> 45 required benches
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2.6.2 Vegetative slope stabilisation in Vietnam

To a lesser extent, softer, vegetative solutions have also been
employed in Vietnam. The most popular bioengineering method to
control riverbank erosion is probably the planting of bamboo (which
is the worst measure you can take. Once bamboo clumps washout in a
flood and go down river they can take out bridges or anything they get
caught up in. They have such high tensile strength they do not break
up). To control coastal erosion, mangrove, casuarinas, wild pineapple,
and nipa palm are also employed. However, these plants have some
major deficiencies, for example:

Growing in clumps, bamboo which is shallow rooted does not
close as a hedgerow. Therefore floodwater concentrates at the
gaps between clumps, which increases its destructive power
and causes more erosion.

Bamboo is top heavy. Its shallow (1-1.5 m deep) bunch root
system does not balance the high, heavy canopy. Therefore,
clumps of bamboo add stress to a river bank, without
contributing to its stability.

Frequently the bunch root system of bamboo destabilizes the
soil beneath it, encouraging erosion and creating the conditions
for larger landslides. Several Central Vietnam provinces
display examples of bank failure following installation of
extensive bamboo strips.

Mangrove trees, where they can grow, form a solid buffer that
reduces wave power, which, in turn, reduces coastal erosion.
However, establishing mangrove is difficult and slow as mice
eat its seedling. Typically, of the hundreds of hectares planted,
only a small percentage survives to become forest. This has
been reported recently in Ha Tinh province.

Casuarinas trees have long been planted on thousands of
hectares of sand dunes in Central Vietnam. Wild pineapple is
also planted along banks of rivers, streams and other channels,
and along the contour lines of dune slopes. Although they
reduce wind power and minimize sand storm, these plants
cannot stem sand flow because they have shallow root
systems and do not form closed hedgerows. Despite planting
casuarinas and wild pineapple trees atop the sand dikes along
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flow channels in Quang Binh province, sand fingers continue
to invade arable land. Moreover, both plants are sensitive
to climate; casuarinas seedlings barely survive sporadic but
extreme cold winters (less than -15°C/5°F), and wild pineapple
cannot survive North Vietnam’s blistering summers.

Fortunately, vetiver grows quickly, becomes established under hostile
conditions, and its very deep and extensive root system provides
structural strength in a relatively short period of time. Thus, vetiver
can be a suitable alternative to traditional vegetation, provided that the
following application techniques are learned and followed carefully.

3. SLOPE STABILISATION USING VETIVER SYSTEM

3.1 Characteristics of vetiver suitable for slope stabilisation
Vetiver’s unique attributes have been researched, tested, and developed
throughout the tropical world, thus ensuring that vetiver is really a
very effective bioengineering tool:

Although technically a grass, vetiver plants used in land
stabilisation applications behave more like fast-growing trees
or shrubs. Vetiver roots are, per unit area, stronger and deeper
than tree roots.

Vetiver’s extremely deep and massive finely structured root
system can extend down to two to three meters (six to nine
feet) in the first year. On fill slope, many experiments show
that this grass can reach 3.6m (12 feet) in 12 months. (Note
that vetiver certainly does not penetrate deeply into the
groundwater table. Therefore at sites with a high groundwater
level, its root system may not extend as long as in drier soil).
Vetiver’s extensive, and thick root system binds the soil which
makes it very difficult to dislodge, and extremely tolerant to
drought.

As strong or stronger than those of many hardwood species,
vetiver roots have very high tensile strength that has been
proven positive for root reinforcement in steep slopes.

These roots have a mean tested tensile strength of about 75
Mega Pascal (MPa), which is equivalent to 1/6 of mild steel
reinforcement and a shear strength increment of 39% at a
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depth of 0.5m (1.5 feet).

Vetiver roots can penetrate a compacted soil profile such
as hardpan and blocky clay pan common in tropical soils,
providing a good anchor for fill and topsoil.

When planted closely together, vetiver plants form dense
hedges that reduce flow velocity, spread and divert runoff
water, and create a very effective filter that controls erosion.
The hedges slow down the flow and spreads it out, allowing
more time for water to soak into the ground.

Acting as a very effective filter, vetiver hedges help reduce
the turbidity of surface run-off. Since new roots develop from
nodes when buried by trapped sediment, vetiver continues to
rise with the new ground level. Terraces form at the face of

Photo 1: Vetiver forms a thick and effective bio-filter both
above (upper) and below ground (lower).
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the hedges, this sediment should never be removed. The
fertile sediment typically contains seeds of local plants, which
facilitates their re-establishment.

Vetiver tolerates extreme climatic and environmental variation,
including prolonged drought, flooding and submergence, and
temperature extremes ranging from -14°C to 55°C (7° F to
131°F) (Truong et al, 1996).

This grass re-grows very quickly following drought, frost, salt
and other adverse soil conditions when the adverse effects are
removed.

Vetiver displays a high level of tolerance to soil acidity,
salinity, sodicity and acid sulfate conditions (Le van Du and
Truong, 2003).

LANDSUIP CONTROL MECHANISM BY VETIVER

Wi
ooty

slppn g Tana o slopas
usally 81 m depths

Figure 1: Upper: principles of slope stabilisation by vetiver;
lower : vetiver roots reinforcing this dam wall kept it
from being washed away by flood.
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Vetiver is very effective when planted closely in rows on the contour of
slopes. Contour lines of vetiver can stabilize natural slopes, cut slopes
and filled embankments. Its deep, rigorous root system helps stabilize
the slopes structurally while its shoots disperse surface run-off, reduce
erosion, and trap sediments to facilitate the growth of native species.
Hengchaovanich (1998) also observed that vetiver can grow vertically
on slopes steeper than 150% (~56°). Its fast growth and remarkable
reinforcement make it a better candidate for slope stabilisation than
other plants. Another less obvious characteristic that sets it apart from
other tree roots is its power of penetration. Its strength and vigour
enable it to penetrate difficult soil, hardpan, and rocky layers with weak
spots. It can even punch through asphalt concrete pavement. The same
author characterizes vetiver roots as living soil nails or 2-3m (6-9 feet)
dowels commonly used in ‘hard approach’ slope stabilisation work.
Combined with its ability to become quickly established in difficult
soil conditions, these characteristics make vetiver more suitable for
slope stabilisation than other plants.

3.2 Special characteristics of vetiver suitable for water disaster
mitigation

To reduce the impact of water related disasters such as flood, river

bank and coastal erosion, dam and dike instability, vetiver is planted

in rows either parallel to or across the water flow or wave direction. Its

additional unique characteristics are very useful:

e Given its extraordinary root depth and strength, mature vetiver
is extremely resistant to washouts from high velocity flow.
Vetiver planted in north Queensland (Australia) has withstood
flow velocity higher than 3.5m/sec (10’/sec) in river under
flood conditions and, in southern Queensland, up to Sm/sec
(15°/sec) in a flooded drainage channel.

e Under shallow or low velocity flow, the erect and stiff stems of
vetiver act as a barrier that reduces flow velocity (i.e. increase
hydraulic resistance) and traps eroded sediment. In fact, it can
maintain its erect stance in a flow as deep as 0.6-0.8m (24-
317).

e Vetiver leaves will bow under deep and high velocity flow,
providing extra protection to surface soil while reducing flow
velocity.
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When planted on water-retaining structures such as dams or
dikes, vetiver hedgerows help reduce the flow velocity, decrease
wave run-up (lap-erosion), over-topping, and ultimately the
volume of water that flows into the area protected by these
structures. These hedgerows also help reduce so-called
retrogressive erosion that often occurs when the water flow or
wave retreats after it rises over water-retaining structures.
Asawetland plant, vetiver withstands prolonged submergence.
Chinese research shows that vetiver can survive longer than
two months under clear water.

y=58.80x.0578%
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Figure 2: Root diameter distribution

3.3 Tensile and shear strength of vetiver roots

Hengchaovanich and Nilaweera (1996) show that the tensile strength
of vetiver roots increases with the reduction in root diameter, implying
that stronger, fine roots provide greater resistance than thicker roots.
The tensile strength of vetiver roots varies between 40-180 MPa
in the range of root diameter between 0.2-2.2 mm (.008-.08"). The
mean design tensile strength is about 75 MPa at 0.7-0.8 mm (.03”)
root diameter, which is the most common size of vetiver roots, and
equivalent to approximately one sixth of mild steel. Therefore, vetiver
roots are as strong or even stronger than those of many hardwood
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species that have been proven positive for slope reinforcement - figure
2 and table 4.

Table 4: Tensile strength of some plant roots.

Botanical name Common name Tensile strength
(MPa)

Salix spp Willow 9-36
Populus spp Poplars 5-38
Alnus spp Alders 4-74
Pseudotsuga spp Douglas fir 19-61
Acer sacharinum Silv