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USING THE REFERENCE MANUAL

This provides a theoretical background for the use of
vegetation in engineering. In addition to covering the
principles underlying techniques of slope stabilisation,
the manual outlines those aspects of the ecology,
geology, geography and law of Nepal that would be of
relevance to practising bio-engineers. The manual is
intended for office use and provides standard
specifications for bio-engineering works, profiles of the
main bio-engineering species and rate analysis norms
for bio-engineering approved by His Majesty’s
Government, Ministry of works and Transport.

(The companion site handbook provides the
information needed to design, plan, implement and
maintain roadside bio-engineering works and is
intended for use on site.)
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Downslope planting lines allow
rapid surface drainage of this

impermeable Siwalik mudstone,
while still armouring the surface

1.1

INTRODUCTION TO BIO-
ENGINEERING

What is bio-engineering?

Bio-engincering is the use of living plants for
engineering purposes. Vegetation is carefully
selected for the functions it can serve in stabilis-
ing roadside slopes and for its suirability ro the
site. 1t 1s usually used in combinaton with civil
engineenng structures, Bio-engineering offers the
engineer a new set of tools, but does not normally
replace the use of civil engineering structures.
Incorporating bio-engineering techniques usually
offers a more effective solution to the problem.
The materials and skills are all available in rural
areas, however remorte.

What does bio-engineering do?

@ Bio-cngineering can be used to protect
almost all slopes against erosion’ .

® Bio-engincering reduces the instances of
shallow planar sliding?.

® Bio-engineering can be used to improve surface
drainage and reduce slumping’.

Bio-engineering systems work in the same way as

civil engineering systems and have the same

functions. They are effective at depths of up to

500 mm below the surface. They are not effective

for deep-seated slope failures.

10

against erosion

Where the best quality engineering solution is
being sought, designs that incorporate bio-engi-
neering are usually the most effective and the most
cconomic solutions for the shallow-seared
problems listed above, Obviously the use of bio-
engineering techniques costs more in the short
term than the ‘do nothing® approach. But in the
long term, there should be additional benefits
from reduced maintenance costs

How does hio-engineering work?

Bio-engineering systems work by fulfilling the
engineering functions required for the protection
and stabilisation of slopes. The difference
between revegetation and bio-cnginecring is that
plants must provide one or more of the roles of
catching debris, armouring the surface, reinforce-
ing the soil, anchoring the surface layer, sup-
porting the slope or draining the material. This
means serving an engineeting function. This is
examined in more detail in 1.2 below

Potential uses of bio-engineering
techniques

On small sites, where erosion or shallow planar
failure are the only likely problems, bio-engineer-
ing techniques alone may be adequate. However,
bio-engineering is more often closely integrated
with civil engineering structures.

Erosion is the
gradual weanng
away of soil {or
olfvwer malenzl)
and its loss,
particle by
particle

Planar sliding s a
mags siopa failure
on & slip plane
parallél to the
surface (Le not
rotational), It s
the most
common type of
landslide and s
usually shallow
(Iqss than 1.6
metres deep). It
is alse called a
debris slidecra
translational
landsiide
Slumping s &
form of saturated
fiow of sail ar
debris, It ouours
mostly In waak,
poorly drained
mmaterials, when
apointaf
liquafacton is
raached
following heavy
rain. It is usually
shallow (less than
500 mm deep).

ROADSIDE BIO-ENGINEERING



Large grasses
planted at
random provide
complete surface
armouring

Bamhboos
provide support
to aid stability
above this
gabion retaining
wall (right)

Fxamples are as follows: @ Rchabilitation of quarries and borrow pits.

® Prevention of scouraround drainand culvert @ Prevention of shallow planar failures (less
discharge points, than (.5 m deep).

® Prevendon of scour around cvil ® Prevention of shallow slumps (less than 0.5
engineering structures, partculatly at the m deep).
soil/ structure interface, ® Reduction of minor rock falls in weals,

® Protection against debris blocking side shattered rock,
drains. ® Reduction of debris creep on steep,

® Protection against debris coming on to the unconsolidated colluvial slopes.
carriageway.

@ Protection of uncompacted spoil. Bio-engineering is mostly used for reladvely small

® Protection of embankments and fill areas. scale works, such as armouring bare cut and fill

® Protection of bare cut slopes. slopes against erosion, catching debris to reduce

® Protection of bare surfaces on rehabilitated  drain blockages and so on. In Nepal, bio-engi-
landslides. neeting is used more widely, on account of the

® Prorection of slope toes from erosion, where  extreme terrain conditons and the need for ex-
undercurting and over-steepenine may arise. tensive low-cost techniques for protecring slopes

® Stabilisation of gullies, and stabilising shallow-seated failures,

The many

cuttings that
make up these
brush layers have
dense, fibrous
roots that
reinforce the soil

VEGETATION IN ENGINEERING 11



ENGINEERING FUNCTION

Catch eroding material moving down the slops,
as a resull of gravity alone or with the aid of water.
The stems of the vegetation perfarm this function.

Armourthe slope against surface erosion from both
runoffand rain splash. To be affective, this requires.

a continuous cover of fow vegetation, Plants with high

canopies alone do not armour the slope (the terminal
velocity of arain drop is reached after a fall af anly

2 metres, and some canopies generate larger rain drops).

Reinforce the soil by providing a network of roots that
increases the soil's resistance to shear: The degres of
effeclive reinforcemant depends on the form of the
roots and the nature of the soll,

Anchor the surface material by extending roois through
potential failure planes into firmer strata below. Ifthe
patential failure iiideepef;th'an about 0.5 metre, thisis
achieved only by large woody plants with big vertical
roots (tap roots).

~ Support the soil mass by bultressing and arching. Larga :
heavy vegstation, suchas frees, atthe base of aslope can
provide suich support I the form of buttresses; oron g
micro scale, clumps of grass can bullress small amounts
of the soil abova them. Aceoss the siope, a lateral effectis

- created in tha form of arching: this is where the soil
between bultresses is supported from the sides by
compression. The bultresses andarches of a buliding
have the same engineering funclions.

Drain excess water from the slope, The planting
configuration of the vegetation canenhance dranage,
avaiding saturation and slumping of matenal Vegetation
can alsa helpto reduce pore-water pressure within the

irout thm'qgh the leaves

Alter Ciark and Hellin (1395).
L

Figure 1.1: Engineering functions of vegetation

skape, by extracling water from the roots and franspiring

REQUIREMENTS

Slrang, numarous

and flexible stems,
Ahility to fecaver
from damage.

Dense surface covar
of vegelation.

Low canoay.

Smal| leaves.

Plants with extensive
rools with many
bifurcations.

Many strong,

fibrous roots.

Plants with deep’
Toats.

Sfrong, fong.
vertically orientad
rools:

Extensive, deap and
witle-spreading
root systems.
Many strong, |
fibrous roofs. .

. Plantssmalienough

1o be planted in
closely-packed lines:
Ability to resist scour.
High leaf areato:

. enhance transpieation,

EXAMPLES IN NEPAL

Micro scale: clumping
grassesin contour
grass lines.

Larger scales: shrubs
with many slems;
large bamboos.

Grass lines or a complete
grass carpal of clumping
of spreading grasses.

Densely rooting clumping
grassas plantedin ines;
some shrubs and trees.

Shrubs and trees which are
deeply rooting,

Large clumping bamboos;
most irees,

Downslope and diagonal
vegetalionlines,
particularly those using
clumping grasses.

Most shrubs and trees.

CIVIL ENGINEERING
EQUIVALENT

Calehwalls.

Revelments.

Rainforced aarth.

SOl arcons,

Rataining wails:

Sudaceor -
sub-gurface draing,

COMEINATION
OF BOTH

Catch wall with
bambioos above

Vegelzted stone
pitching.

Jute netting with
plantedgrass.

Combination of
anchors and trees.

Retairing wall
with bamboos

Franch drains and
angled grass lines.

Many plants
provide root
reinforcement
without affecting
the structure of a
slope. These utis
trees grow on a
gabion without
distorting it

ROADSIDERB
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functions (general case)

Wooor

ENGINEERING FUNCTION TREES SHRUBS BampBoos
Catch
Armour
Reinforce
Anchor
Support
Dirain

Figure 1.2: Relative strengths of various plant categories in serving the main engineering

Certaln functions require the plants to be in closely spaced ines.Atthe micro scale, email plants can provide furictions of

NON-WOODY
CLUMPING MaTTING OTHER
GRASSES GRASSES Herss T
o *

wer

e

anchoring and supporting.
1 Herbs aresmall plants withaut wood in the stems or rools.
Key: o Exceflent
Rl M i
B Maderately useful
I - Natuseful at all ¥
—
1.2 ENGINEERING FUNCTIONS AND The only known study of tree rooting in Ne-

HYDROLOGICAL EFFECTS OF
VEGETATION

Both bio-engineering and civil engineering sys-
rems perform engineering functions. Figure 1.1
shows the six main engincering functions of
bioengineering systems; obviously plants cannot
emulate all of the functions of civil engineering
systems, particularly those having effects deeper
than abour 0.5 metre.

Plant types vary in their ability to serve the
vatious engineering functions. Figure 1.2 com-
pares the performance of the main categories of
plants. Selecting the category best suited to fulfil
the required engineering funcdon is an important
step in applying bio-engincering techniques.

Difference of rooting patterns

In assessing the engineering functions of plants,
the pattern of plant rooting, and therefore the
way in which they serve functions, is very impor-
tant. The development of plant roots is highly
variable and depends greatly on the characteris-
tics of individual plants, on the conditions under
which they are growing and often on the method
of propagation. In woody plants (shrubs and
trees) there are two main root types: tap roots,
which grow predominantly downwards; and lat-
eral roots, which grow predominantly sideways.
The drawings in Figure 1.3 show the early devel-
opment of these roots for two widely used bio-
engineering species.

VEGETATION IN ENGINEERING

pal (Sthapit, 1996) examined the development
of tree roots in the eastern Terai and showed
that, in good soil conditions large trees generally
have a complex network of horizontal and verti-
cal roots. These trees were mostly naturally sown
In situ, and so the effects of planting technique
were not apparent. Many rrees developed ‘sinker’
roots, which branched vertically downwards from
the laterals, 1t is not known whethet the pruning
of roots in polypot seedlings inhibits the larer
growth of tap roots or not, Cuttings tend to
develop fibrous lateral roots and it is generally
thought that plants propagated by this means
rarely develop tap roots,

In practice, icappears that woody plants propa-
gated from curtings may well produce the best
shallow rooting systems for reinforcement,
whereas those grown from seed may produce the
best roots for anchorage. Many bio-cngineering
techniques depend on a certain method of plant
propagation: for cxample, brush ln_\'t:ring, pali-
sades and fascines are all constructed using hard-
wood cuttings. As a result, the propagation
method can be an important consideration in the
determination of the engineering effects of the
different methods.

Grasses appear to be simpler in the develop-
ment of their rooting parterns, Whether they are
grown from seed or from slip or rhizome curtings,
they seem to develop a similar full root pattern
which is determined by the species rather than by
the method of propagation. This is shown in
Figure 1.4, 'This demonstrates the significant dif-

I"u-'



A. Early tap roat
development

C. The full extent ar

roats for a fully grown
bhujetre (growth above
ground is about 4 metres).

Figure 1.3. Differenca= ~f root development in two shrubs used for bio-engineering

B. Early lateral development
in a simali (Virex negurida)
cukling,

. The full extent af

roots for a fully qrawn

simali (I rowth sbove

%J’D'ﬂﬂt is about 5 metres).
his is the actual rooting

pattern af a naturally grown

specimen and shows a

tap root.

ferences between shallow-rooting grasses such as
musekharuki, and the sizeable clump prasses like
khar, which are favoured For bio-engineering: the
roots of musekharuki penctrate to only about
50 mm, whereas the main root network of khar
penetrates to at least 500 mm; and khar is one of
the smaller clumping grasses.

The maximum effective depth of

oting of
plants, and therefore the depth to which they can
reinforce or anchor the soil, is also a subject for
debate in the world-wide bio-engineering lirera-
ture. In exceptional cases, it is clear that certain
plants can have extremely long roots, Grass
clumps can sometimes send roots to four or five
metres below the surface, and trees can send roots
even deeper. But on roadside slopes, where mate-
rials tend to be stony and rooting conditions are
poor, far shallower rooting is normal. Figure 1.5
gives the maximum rooting depths for the classes
of plants used for bio-engineeting in Nepal: these
can be used for design purposes and may he
exceeded in many cases.

Other benefits from vegetation

Vegeration provides rwo further benefits that can-

not be given by civil engineering, These are:

® covironmental improvement: vegetation
cover encourages other plants and animals
to live on the slope, and gradually enables a
better soil to form;

® limiting the lateral extent of instability: the
rooting system of larger plants can interrupt
a shear plane and stop it spreading further in
the current phase of actve instability.

Hydrological effects of vegetation

Plants affect the hydrological condition in and

around a slope in a variety of ways:

@ interception: rain strikes the leaves before
striking the ground;

@ cvaporation: watér may evaporate from the
leaf surfaces;

® storage: leaves and stems hold water for
some tme before it eventually reaches the
ground;

® |caf drip: accumulated water can drip off the
leaves and fall to the ground;

® pool formation: stems may trap water
running over the ground surface to form

ROADSIDE BIO-ENGINEERING



| metre

A. A mature clump of khar {Cymbopogon microtbeca),
showing the main root network periefrating to at least 500mm  showing root growth only in the surface 50mm

B. A mature musekharuki (Pogonatherum paniceum ) plant,

25mm

pools, preventing run-off;
@ infiltraton: stems and shoots roughen and Many of these effects serve to reduce the

loosen the ground, enabling warer ro
o t 3
infilcrate more casily;

sometimes referred to as phraetophytes.

amount of moisture in the soil. During heavy
rainfall, vegetation can significantly increase infil-

® ~water uptake: plants take up water through tration . All colluvial soils have very high infiltea-
their roots and return it to the atmosphere tion rates; most i situ weathered soils are also
through transpiration, the release of water very porous and so permit high rates of infiltra-
through the leaves. Plants that transpire tion. Only the deeply weathered clay loams, usu-

relatively large volumes ofwater are

Figure 1.5. The main piant classes and their anticipated effective depths of rooting

ally known as rato mate, retain low infiltration

. ExampPLE : MAXIMUM EFFECTIVE
: ROOTING DEPTH
Small grass Dubo Cynodon dactyfor =i . femii 100 mm::
Hi Kikiyu Pannisetum clandestim =
Large arass Kanz Saccharum sportanaum 0.5t0 1 metre
Amliso Thysanolagna maxima :
FKrar Gymbopogah microtheca
Large bamboo Mat bans Bambusa nutans 1 matre
Shrubs Dhanyero Woodlordia fniticosa it " {.5metres
Biuijstro Butea minor
Trees Khayer Acacia catechu i G Zmetres
.. Utis Alnus nepalensis HE
' Bakaino Meiiz aredarach
. J
VEGETATION IN ENGINEERING 15



rates even with dense vegetation cover and are
therefore prone to high rates of runoff.

] }'IL extent tow hl(.h It lf‘i ['l l:ﬂ:[k'l]')l[. o II'E(.'.]'E'H.“L.'
or decrease infiltration on a slope depends on the
material and site characteristics. This 1s consid-
ered in detail in Chapter 2.

Plants have imporrant hydrological effects
under certain conditions. However,
important to appreciate that these effects may be
insignificant under extreme conditions. This is
because most slope failures in Nepal take place
under saturared conditions at least one month
after the start of the monsoon and after
prolonged ale]«: ni heavy rain. The soil is already
neat field ¢ ,lpftur\ before the storm starts, and
the addition of at least 100 mm more rain over a
period of less than 48 hours is enough to
overcome all of the drying effects of vegetation.
Damaging monsoon storms frequently exceed
250 mm in 24 hours, while a heavy burst of rain
towards the end of a prolonged storm, such as
50 mm in 30 minutes, can be the final triggering
factor. Thus the phractophytic effect mentoned
in text books, which may be significant in areas
with lower rainfall intensities, may not be a rele-
vant consideration under the monsoonal climate
of Nepal.

it is also

Figure 1.6: Summary of the beneficial and adverse effects of vegetation on slopes

MEGHANK‘-AL MECHANISMS EfrEcT
1"3-Stems and trunks rrap matenals that are maoving down the siope Good
2 Roots bind soil particles to the ground surface and reduce their susceptibility to erosion. Goed
3 Roots penetrating through the soil cause it to resist deformation. Goed
4 Woody roots bind fragmented rocks together.* Good
5 Waody roots may open the rock joints due fo thickening as they grow. * Bad
8 The roct cylinder of trees holds up the slope above through buttressing and arching. Cood
7 Tap roots or near vertical rocts penetrate into the firmer stratum below and pin down the Good
averlying materials.
8 Vegetation exposed to wind transmits dynamic forces into the siope Bad =
e e  HYDROLOGICAL MECHANSHS Effoct
1 Leaves intercept raindrops before they hit the ground. Good
2 Water evaporates from the |eaf surface. Gooed
3 Water is stored in the canopy and stems. Good
4 Large or localised water droplets fall from the leaves. Bad
5 Surface run-off is slowed by stems and grass leaves. Goed
6 Stemns and roots increase the roughness of the ground surface and the permeability of the soil Sita
dependent
7 Rects extract maoisture from the soil, whlch Is then released to the atmosphere through transplraﬁon Weather
dependent
*  The effects of root wedging vary ‘r'mm site 1o site. In many locations, roats hslp to bind fragmented rocks togather while, in others. Ihey
tend to break:them apart. It may be a function of the species more tham af the rock condition: for exampls, utis [Alnus nepatensis) is
k! usually obssrvad as binding rocks !cr_gether whereas pipal (Fous refigiosa) is notorious Fur:\_n_'edgmg masonry walls aparl. )

Rainwater accumulates
on plant leaves and can
form large drips. When
these fall repeatedly in
one place, the risk of
erosion at the micro level
increases

Summary of the effects of vegetation on
slopes

The beneficial and adverse effects of vegetaton
on slopes are summariscd in Figure 1.6. Bio-en-
gineering techniques must be selected so thar the
benefits ourweigh potential disadvantages.

16

' Figld capacity
describes the
degree of
saluration that a
soil has reached
onge waler has
baen allowed to
drain fraely from
soil poras and
drainage ceases.

ROADSIDE BIO-ENGINEERING



Figure 1.7. The main bio-engineering techniques used in the Nepal road sector, and their &ngineering functions

SYSTEM DESIGN AND FUNCGTION
Planted grass lines: Grass slips (rooted cuttings), rooted stem cuttings or clumps grown from seed are planted in lines across the slope. They
contourfhorizontal provide a surface cover, which reduces the speed of runoff and catches debris, thereby armouring the slopas.

Planted grass lines: Grass siips (footed cultings), rooted stem cuttings or seediings are planted in lines run ning down the slope. They armour
downslopelvertical the slope and heip to drain surface water. They do not cateh debris. Using this technigue. a slope is allowed to developa
semi-nalural drainage system, gullying In a controlled way,

Planted grass lines: Grass slips (rooled cultings), rooted stem cuttings or seediings are planted in lines running diagonally across the slops.
diagonal They armaur the siope and have limited functions of calching debris and draining surface water, This technique offers the
bast compromise of the grass line planting systems in many situations.

Planted grasses: {Grass slips {rooted cultings), rooted stem cuttings or seedlings are plantad atrandom on a slope, 1o an approximate
|random planting specified density. They armour and reinforce the slope with their roots and by providing a surface cover, They also havea
limited function of catching debris. This technique is most commanly usad in conjunction with standard mesh jute netting,
where complete surface protection i needed on very stéep, harsh slopes, In most other cases, however, the advantages of
one of the grass line planting systems (i.e. contour, downslope or diagonal) affer betler protection fo the slope.

Grass seeding Grass s sown directon o the site. It allows easy vegetation coverage of large areas. This tschnique is often usedin
conjunctien with mulching and jute netting to aid establishment.

Turfing Turf, consisting of a shallow rooting grass and the sollit is growing in, is placed on the slope. A technique commuonly used on
gantie embankment slopes. |ts only funclion i1s armouring.

Shrub and tree Shrubs or trees are planted al regular intervals on the slope: As they grow. they create a dense network of roots i the soll.
planting The main engineering functions ase to reinfarce and, later, to anchor. In the lang lerm, large traes can also be used for slope
support.
|Shrub and tree Shrub (or tree) seeds are applied directly o the site. This technique allows very steep, rocky and unstable slopes (o be
iseading revegetated where cultings and seedlings cannot be planted. There are two methods: directsowingand broadeasting. In the

first, seeds are placed individually, whereas the secand invalves throwing the seed all aver the site. The main engineering
{functions are torelniorce and, fater, to anchor.

Large bamboo Large bamboos can reduce mavement of material and siabilise slopes. They are usually raised by the fraditional method or
by rooted culm cuttings from a nursery. Large clumps of the larger stature bamboos are one of the most substantial
vegetation structures available 1o reinforce and support a slope. However, they do nat have deeply penelrating rools and so do
not serve ananchoring function; also, they can surcharge upper siope areas.

Brush layering Woody (or hardwood) cuttings are laid in lines across the slope, usually following the contour. Thase form a sfrong barrier,
praventing the development of rills, and trap material moving down the slope. In the long term, a small terrace will develop.
Thie main engineenng funclions are to catch debris, and to armour and reinforce the slepe. Inoertain locations, brush layers
can be angled to provide drainage.

|Palisades Woody {or hardwood) cuttings are planted in lines across the slope, usually fallowing the contour. These form astrong
barrier and trap material moving down the slope. In the long term, a small tefrace wil develop. The main engineering
functions are to catch debris; and fo armourand reinforce the slope. In certain locations, palisades ean he angled to provide
drainage.

Live check dams Large woady (or hardwood) euttings are planted across a gully, usually following the contour, These form a strong barrier and
trap material moving downwards. In the longer term, a small step will deveiop in the floor of the gully. The main enginesring
functions are o catch debris, and to armaur and reinforee the gully fisar.

Fascines The word "fascine” means a bundle of sticks, In this technifue, bundies of ive branches are laid in shallow Irenches. After
Burial in the trenches, fhey put out roots and shoots, forming a strong line of vegetation. Itis sometimes caliad live contour
walting. The main engineering funclions are o catch debris, and to armour and reinforce the slope. In certain locations,
fascines can be angled to provide drainage, Where time is at a premium, brush layers may be more appropriale as these are

quicker to establish than fascines.
Vegetated stone Slopes are stengihened by a combination of dry stone walling or cobbling, and vegetation planted in the gaps betwaen
pitching the stones. There are two disfinct uses: reinforced toe walls; and protected gully beds. This tachnique provides a very strong

form of armouring. Because | specifically uses vegetation 1o strengthen a simple civil engineering technique, it represents a
stronger form of normal stone pitching.

0 J
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continued

seasons of monsoon raing.

Figure 1.7. The main bio-engineering technigues used in the Nepal road sector, and their engineering functions.

Protection of the surface, armouring against arosion and catching small debns;

Improverment of the microclimate on the slope surface by hoiding molsture and increasing infillration;

SYSTEM DESIGM AND FUNCTION
Jute netting
{standard mesh) * 40 mm) has four main functions:
(a)
(b)  Allowing seeds fo hold and germinate;
{c)
(d) Asit decays, it acts as a mulch for the vegstation established
Jute netting
(wide mesh) *

A locally made geotextile of woven jute netting is placed on the slope. Standard mesh jute netting (mesh size about 40x

Alocally made geotextile of woven jute netting (mesh size about 150 = 450 mm) is placed on the slope. Il is used o hold
muich on slopes that have been seeded and serves no eéngineering function itself.

' Any usé of juté netting is @ lempaorary messure designed to enhance vagetation astablishment. It does not protect & surface In itself for more than oné or two

1.3 BIO-ENGINEERING SYSTEMS
AND THEIR EFFECTS

Using vegetation for engineering purposes in
practice differs somewhat from the theory. On
gentle slopes (re those < 307, a simple planting
pattern is often enough. On steep and often
intrinsically unstable roadside slopes, however,
experience has shown that only a relatively small
number of robust techniques serve the range of
engineering functions required.

The slopes addressed by the techniques in this
manual are extreme in their length and steepness,
the disturbance and weakness of the materials of
which they are composed, and the intensity of
periodic monsoon rainfall. All of these are con-
sidered in detail in Chapter 2. At this stage, it is
necessary to consider only the engineering func-
tions required to stabilise them.

So far in this Chapter, the principles of vege-
tation in engineering have been considered, and
the contribution made by individual plants.
Plants used in combination can provide much
greater effects than can single plants. For exam-
ple, a single grass plant can catch a small amount
of debris and reinforce a small volume of soil with
its roots. But grasses can be planted across a slope,
to form a continuous line to catch debris, and so
provide a line rather than a point of reinforce-
ment. In the process of serving these functions,
however, the contour line of grass will also
increase the infiltration capacity of the soil. If this
is likely to lead to a critical condition, then
another function, that of drainage, will be
required. This can be achieved using grass lines by
angling the lines down rather than across the
slope. The more the line is angled, the less it will
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catch debris and the more it will help to drain the
slope. The approximate limits for the use of dif-
ferent rechniques is given in practical derail in
Section 1 of the Site Handbook.

The range of techniques adopted for use in the
road sector of Nepal is described in Figure 1.7,
This is based on experience gained over many
years of trials and applications throughout Nepal.

tach of these has identifiable engineering
functions. Most techniques fulfil more than one
function, and so can be used for more than one
purpose,

Despite the versatility of the bio-engineering
techniques, the complexity of most sites means
that a range of techniques are usually required,
just as civil engineering works usually require a
range of different structures serving separate but
complementary functions. It is not possible to
tabulate rhis information, since the numerous
factors contributing to slope instability (sce
Chapter 2) means that there is effectively infinite
variability in site characteristics and require-

Shrubs planted
above a toe
wall catch
loose debris

: moving down

the slope
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seriousness

ENGINEERING FUNCTION SMALL SCALE

MEDILM SCALE

Simple {i.e. anly one function required)

Calch Contour grasslines Brush layers or palisades
Armour Grass lines Standard jute netting and
random grass planting
Reinforce Grassfines B_r,u_sh layers, palisades or
fascines
Anchor Motapplicable Pianted shrubs or trees
Suppart Mot applicable - MNotapplicable
Drain Diagonal or downslope grass.  Angled brush layers,
lines palisades or fascines
Composite * s :
Catchiarmati Conlour grass lings Brushi layers or palisades
i with grass lines in batween
Catchfarmourireinfore Contour grass lines Brush layers or palisades
wilh grass lines in between
Arh\qurn’reinfmce Cantour grass lines Brush layers or palisades
with grass lines in betweean
Reinfnrcefa nchar Met applicable ‘Brush layers, palisades or
fascines with planted shrubs
ortrees in between:
Anchorsupport ot applicable: Not applicatle
Catchfarmour/drain Diagonal grass lines Angled brush layers or
palisadas with grass lines
i £ inbetween
Armourireinforce/drain Diagonal grass lines Angled brush layers or

palisades with grass lines
inbebween

" Afew examples only are given: in theory 720 parmutations are possible.

W

Figure 1.8. Techniques required to fulfil the engineering functions of slope stabilisation at different scales of

Vegetated slone pitching Masonry or gabion drain
Large bamboo clumps with Gabion catch wall with
qrass lines in betwean vegelated stone pitching
-+ Large bambos climps with - Babion catch wall with
< grass lines and planted vegetated stone pitching and
shrubs or treas in between reinforced earth or cement
alurry
Piarted shrubs or trees with Vegetated stona pilching and
grass lines inbetwean reinforced earth or cement
slurry
Reinforced earth orcement

LARGER SCALE MAJOR SCALE

Large bamboo clumps :

Gabion catchwall
Mot agplicable Vegetated stone pitching
Planted shrubs or rees Reinforeed earh or cement
shurry
Planted trees: Soil or rock anchars

Large bambioos or frees Retaining wall

Planted shribs and trees
:: i siurry-and soil or rock anchors

Large bambons and trees - Sail or rack anchors and
retaining wall
Large bamboo clumps with Gabion catch wall with
vegelated stone pitching vegetated stora pilching and
i i possibly other masonry drains
Planted shrubs of (rees with Vagetaled stone piiching and
vepetated stone piiching reinforced earth or cement
i .- Islurry and masonny or gabion
drains 2

- 4

ments. This is why an engineer is required to
assess every site individually to determine the
optimum stabilisation procedure. Nevertheless,
Figure 1.8 shows the techniques which can be
used to fulfil the engineering functions in the
simplest situations, as well as in some of the
common combinations.

Figure 1.8 also demonstrates that, the larger
the scale of problem, and the more functions that
are required of the stabilisation measures, the
more complex the solutions become. The smaller-
scale problems can be resolved by straighttorward
and Inexpensive measures; and it should be
stressed thar, even in the vast and dynamic ter-
rain of the Himalayas, the majority of slope prob-

WVEGETATION IN ENGINEERING

lems can be resolved using relatively small mea
sures. The versatility of planted grass lines, and
particularly of diagonal grass lines, has been
shown on numerous sites where catching,
armouring, reinforcing and draining, or some
combination of these, are the main requitements
to achieve stabilisadon: these are the needs most
commonly found.



Figure 1.9: A hypothetical scheme for stabilising a large slope, showing the ways in
which civil and bio-engineering measures are commonly combined

Band of trees and perenninl clump grasses at base ol cultivated [and (catch, ammour, fanbirg) —

Oiagonal Bres of grass on cut slope @maorn, drain)———— -

Bengefine of shrubis ot too ol cut slope (Eateh): e

Tutling cn sbioulder and ermbankmen t (armar)

Double line of small trees to siake toad edge more
visilla for drivers (traffic sty

Cantaurs Bnes of grass (armour, reinforce) with planted shrubs —————
ot wide infervals in beteesry (anchon

Juie netting with randomly lanted g rass Carmour, remlones)
Gabian-dmed french draing st 5 metre centres with

lg.\l’)lhr\ bulster herringbione branch drains at
mestie centres (dri)

ainy freneh drains dische ?!r into open trench
drains Hpred with stone pltchiog interplantod
with gras (anmour)

Grass seeding (armour, reinforce)
with widely spaced planted largs
trees. fanchor) —

Diagonal nes of grass in a chevron patters) leading into draing
——  famour, reinfrrce. draind with planted sharbs af witds intervals
in betweers [anehor)

Iofie camniting et

———— Gabion tae wall to prevent undercutting -and
wass Eaitere of dobrsclope (supmarn

Line nl bambaos at base
ol slepe (auppart, eatch)

e 4
1.4 INTEGRATION OF CIVIL AND BIO- (and quite normal) to combine the range of
ENGINEERING STRUCTURES _ measures to good effect.

The engineer may choose to stabilise a slope by Relative strength of structures over time
using

® civil engineering on its owy The strength of a structure at various stages of its
® vegetative engineering alone; life can be related to irs maximum serength. Figure
® g combination of the two. 110 shows how this is different for bio-engineer-

ing and civil engineering structures: vegetation
This manual Is written with the underlying  takesa few years to reach maximum strength.
assumption that a combination of both normally
ofters the most complere solution to the variety
of instability problems affecting a site. Road
engineers need to understand the principles

Figure 1.10: Life span of small civil
engineering and vegetative structures
(general case, assuming good maintenance)

governing the relationship berween vegetative
engineering systems

Bio-engineering structure

=
=

and civil enginecring systems,

The previous sections have shown how slope
stabilisation requires a number of engineering
funcrions to be fulfilled. In most cases the

B

;e o . - Livil englnecr tructure
complexities of the site mean thar a range of sl intis i

Relative strangth of structire (96}

: I ; 20
different techniques, whether of civil or bio-
: i g 5
engineering or both, are required to serve the = =
/ ek . I - :
purposes. Figure 1.9 shows how it is possible  {_ i ISR
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Figure 1.12: Hypothetical site requiring civil and bio-engineering works

_serving different functions

Existing situation

Risk of surface erosion: armouring is required

Potential failure plane

Low risk of saturated flow:
reinforcement is required

Risk of planar failure: !
support and anchorage are required

Road and side drain
Risk of debris falling into drain: calching is required

Possible solution

Shrubs planted al intervals:
anchorage through the potential
failure plane

Dense line of shrubs:

calching debris \

Planted grasses: armouring and
providing reinforcement to 0.5m

Road and side drain

e S

Gabion toe wall; providing support

Combined life spans: civil and bio-
engineering structures serving the same
function

As the relative strength of engineering structures
decrease, the relative strength of plant structures
increases. Note that these graphs compare the

Figure 1.11: Life span of jute netting and performance of each type of structure and not
planted grasses their actual strength,

0 An example on a micro scale is as follows. Jure
netand grass can be used in combination to per-
form a catching function. The capacity of the jute
net to retain soil is very high at first; each small
squarc behaves as a mini check dam. With time
the jute de

Planted grass

ays, \\'l'li(:h \’\’L’Bktfﬂﬁ the net and con-

Juke netting : sequently its soil-retaining capacity decréases,
Eventually the ner will fail to CATTY OUT ATy retain-
N s / ing function atall. In contrast, grass slips are not

o

p:



immediately very effective, but their capacity to
retain soil increases as the plants grow and their
root and shoot systems develop. When the grass
is fully grown it remains at about 100 percent rel-
ative strength, As the relative strength of the jute
net declines, the relative strength of the grass
increases. The soil-retaining function of the jute
nct is handed over to the grass (see Figure 1.11).

In most cases, the civil and bio-engineering
structures are serving different, and complemen-
tary, functions on the same site. An example is
given in Figure 1.12, where a slope thatis poten-
tially subject to a shallow planar failure requires a
retaining wall to provide toe support, but alsa
requires bio-engineering measures to armour
against erosion, reinforce the soil against partial
failure higher on the slope and catch loose debris.

I this case, support will be provided as soon
as the backfill behind the gabion wall has been
compacted, but the armouting will not be pro-
vided until the grass has established, which will
take one or two wet seasons. The reinforcement
will take a little longer to become effective, per-
haps three or four wet scasons, because it relies on
awell developed root system. The catching func-
tion provided by the shrubs will also take three or
four wet seasons to become fully effective. With
correct management of the vegetation, the treat-
ment can remain fully effective indefinitely. The
strength of the gabion wall depends on the qual-
ity of wire and construction, and the potential for
corrosion in the site, and may start to decline sig-
nificantly after about 25 years.

P!miaﬁ grass lines {alrmnﬁguraﬁuns)and vegemedmna pm:hung
gd!ybsds

Brush layers, palisades, i\rsmadc dams, faseines and vegewted
slone pitching walls

Large bambod planting

Site seadmgwm'lgfsss

Figure 1.13. Methods of propagation for plants used in each bio-engineering technique

-G.fasses grown?fi’imxlipfmizomecunigga

The bio-engineering techniques do not pro-
vide instantly strong solutions, but they do pro-
vide a lower cost alternative. For example, surface
armouting using grass lines may take a few years
to provide full protection, but it is a good deal
cheaper than the alternatives of inert slope cov-
eri ngs. The advantage of using vcg{:t’itivc propa-
‘,L_’]_tl()ﬂ measures, ‘;LICh as bhp Lutl’.].ﬂ‘i_)q l(n’ gr.h'-.
lines and 1ardwm vd curtings for brush layering,
is that there is immediately some physical barrier
on the slope, even before the plant recovers from
the shock of planting and starts to grow. While
this will not be adequate to withstand an extreme
rainfall event, on a properly prepared site it
should begin to serve a function at the micro scale
under normal weather conditions. Hence the ini-
tial strength estmates given in Figures 1.10 and
L.11 are likely to be pessimistic.

1.5 SELECTION OF SPECIES APPROPRIATE
FOR EACH BIO-ENGINEERING
TECHNIQUE

Although the structural and engineering charac-
tetistics of plants are extremely imporrant, there
are other factors that must be considered when
selecting species for bio-engineering. These are
discussed in this section, and the main control-
ling factors arc covered in detail in the following
sections.

JLANT CLASS TO USE

W e e T S S e R
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Method of propagation

Bio-engineering works require a large amount of
planting material, especially grasses, as they are
often planted densely over large areas. Plants that
are propagated vegetatively (from cuttings) usu-
ally grow faster and larger than those they raised
from seed. Planted lines of clumping grasses are
often propagated from slips in order to provide
2 physical effect on the slope surface within a
short period of time, and to develop rapidly into
a strong plant (a slip is a piece separated from a
clump of grass so that it has shoots with buds and
as much root as possible). Therefore, if the bio-
engineering technique to be used requires the use
of grass slips, the species used must be easily prop-
agated by rhis method. Figure 1.13 shows the rela-
tionship between bio-engineering techniques and
methods of propagaton.

Biological and social considerations

Once this point has been reached, itis clear as to
what type of plant (£.e grass, shrub, tree or bam-
boo) for each part of the bio-engineering mea-
sures; it is also known how the plants should be
propagated (Le from seed directly, from slip or
hardwood cuttings, from seed via polypots, or
by some other method). The situation is sum-
marised in Figure 1.13.

For each type of plant, there is a range of
options which can be adopted as regards the
actual species. But first it is necessary to satisfy
four other critetia:
® what species will be robust enough to fulfil

the bio-engineering function?
® what will grow on the site?
® are there possible species that can be put to

addidonal uses by local farmers®

and, if all those are satisfied,
® canit be made available in adequate quantities?

The paragraphs below address these issues briefly.
As in the box on the right, these will lead to the
final choice of species.

Establishment, vigour and persistence

In bio-engineering, plants should become well-
established in the season of planting so that they
are able to survive the dry months until the next
monsoon. Many bio-engineering sites have
extremely poor and stony soils, which drain

VEGETATION IN ENGINEERING

rapidly. This makes good establishment very
important,

Vigorous growth in a plant means that the
plant establishes quickly and continues to grow
well. Examples of plants which di bplav vigorous
growth and are commonly used for bic-engi-
neering are: khar, saruwa, kans, amliso, simali,
areri, assuro, sito.

Many plants are annuals. This means they
complete their life cycle in less than a year and
then die. If they were used for bio-engineering,
they would have to be replaced every year and the
root systems would never become bt[otl}__)ly estab-
lished. Bio-engineering requires perennial plants:
those that grow and reproduce for many years.

The ability of a plant to live for many vyears
and survive in harsh conditions is of fundamen-
tal importance in bio-engineeting species. This is
called persistence.

In exceptional conditions, annual grasscs can
be sown or planted to give surface protection
through a single monsoon. This might be where
major engineering works have had to be post-

Factors contributing to the final
choice of species

Wich bio- angmasrmg technk]uas B
- will address the specific problems on site?

What plark typgés-are appropriate farihosété:@;i_igugs
and faw will they be propagated?

;;ond!tbn on site?

L Isit ‘possible to select specié' that will beth
- perform the raquwsd functions on site and alsobe
; of use to lecal fatmers'?'

made available atthe right
ht time and in the right quantities?




Figure 1.14: The main factors determining plant growth

Factor DEeveRmINED BY

Temperature Alfitucte mostly; to some extent alseo by aspect; there |s also a variation of a«.rarage tsmperalures

from the gastof Nepal lo the west,
Moisture Therainfall patierns on the site, which are in turn delermined by lhe regionzl rainfall (more in the east
than the west), the topography (uplif of rain-bearing winds is caused by large ridges), rain shadow
affects (mostly in the lee of large ndges), aspect (norhern aspects are shady and generally damper),
allitude (there s less drying in covler, higher locations) and soil charactéristics {coarse textures hold

less water)
Nutrients
conditions].

Exposure tosunlight

N

The sl type {in general, fine textures and well developad topsoilor kala mato hold more nutrienis)
and the local olimate (generally, more nutnents become available (o plants underwam, da mp

Aspect; the presence of ofhier large plants nearty.

poned due to budget constraints, An example
might be where kodo (millet) is sown on a bare
surface,

Site suitability

All plants are naturally adapted to grow under
particular ecological conditions. The ability ofa
particular plant to grow in a certain site is deter-
mined by the «L:Jmhllu\ of the species to that site.
The main factors deter I1"|mm;, ;v-l ‘owth are given
in Figure 1.14,

Some plants require a long day length during
the growing season: for example, many poplars
(Populus species or varieties of lahare pipal) can-
notgrow in the tmpic-s The seeds of some species
will nor germinate unless they have p"l‘-:HLCl
through a very cold period; seeds of other species
will not germinate unless they have experienced
fire. However, these exceptonal ecological factors
do not normally affect the use of species for bio-
engincering, i

Some plants will thrive for part of the year in
certain locations, only to die later on. Utis (Afnus
nepalensis), for example, ean be cstabhs-hed at rel-
atively low aldtudes during the monsoon: but it
can be killed by hot, dry winds duting the fol-
lowing summer, Cuttings of bihava (Jpomoea fis-
tufosa) can be established on Churia cut slopes
during the meonsoon and will show good eatly
growth. But they will die during the following dry
season.

' Plant ccology is covered in more detail in sec-
tion 1.6 below

Potential value to local farmers

Many roadside bio-engineering sites are in inhab-
ited areas. In many cases, local farmers may he
able ro make use of the plants grown on the sites,
The enginecring functions must always be given
priority and, on critical sites, utilisation may not
be permissible. However, wherever possible, the
choice of species should be made with the con-
sideration that products are of potential use to
local people. An example might be where bahivo
(Fulaliopsis binata) is used instead of kans
(Saecharum spontaneum), or amliso (Thysanokena
maxima) 1s used instead of sito (Nevraudia arunc-
inacea). Wherever possible, it is best to discuss the
choice with local people and make a tenrative
agreement on how they might use the products
when the plants are big enough.

Availability

Availability means that the planting material
must be obtainable at the right location, at an
affordable price, at the right time and in the
quantities needed.

Species that are local to the site are generally
berter suited to conditions there than species
from another arca. This means that the first
choice should normally be a species found in-the
area where the bio-engineering is being imple-
mented, Nurseries are established in order to pro-
vide the planting material that is required, at the
right time and in the right place. If the availabil-
ity requirement is to be mer they must be well
managed.

ROADSIDE BHO-ENGINEERING



Sal (Shorea
robusta) in the
western Terai

Plant species for bio-engineering

The specics for bin-engineering are listed in
Annex B of the Sire Hanclbook. In addidon, the
main bio-engineering species are described in
detail in Annex B of this Reference Manual 1f the
main species are used, they all have the correct
attributes of establishment, vigour and persis-
tence; between them they are snitable for practi-
cally any site beside a road in Nepal and can be
propagated by the correcr methods; and some of
them are of value to farmers for a range of
purposes.

The plants should be propagared in nurseries
as described in Section 4 of the Sire Handbook.
Material for the species used as hardwood cuttings
can usually be collected from forests and farms in
local areas.

The rest of this chapter gives information on
the ccology of plants in Nepal, why they grow
where they do and in what combinations, and
the ways in which this can be used to advantage
in bio-engineering works.

VEGETATION IN ENGINEERING

1.6 PLANT ECOLOGY OF NEPAL

Plant ecology is the study of plants in relation to
the environment in which they grow. It was men-
tioned briefly in 1.5 in relation to the suitability
of plants to grow in partcular sites. This section
examines in more detail the ways in which plants
grow in different locations. It is a vety complex
subject about which much has been written; this
section does not go into great detail. More thor-
ough coverage is given in the books by the
botanist Stainton (1972), the ecologist Dobremez
(1976) and the forester Jackson (1994). However,
there is still no complete and fully definitive
account of the many rich vegeration communi-
ties found through the Nepal Himalayas,

A knowledge of plant ecology 1s necessary for
understanding not only why particular plants
grow in certain areas, buralso how plants should
be managed to obtain the maximum results for
bio-engineering. In the Site Handbeook, as in Annex
B ofthis Reference Manual, recommended species
are given for bio-engineering in Nepal, In draw-
ing up these lists, consideration was given to the
ecology of the plants. The main purpose hehind
this section, therefore, is to equip the reader with
the knowledge required to add to those lists of
potential bio-engineering species; this is often
requited when working in new or remote
locations.

A dry forest type
containing both oaks
(Quercus species), and
pines (Pinus species), in
Far Western Nepal,
(ahowe)

b4



Factors governing the distribution of
vegetation in Nepal

The main factors that govern the distiibution of
vegetation are:

® the availability of moisture;

® temperature and the amount of sunlight; and
® the availability of nutrients,

These are in turn determined in Nepal by:
® altitude;
® aspect;

® other factors controlling the distribution of

ainfall and site moisture;
® vcology, peomorphology and soils.
Figure 1.6 (Page 28) gives more details.

In the mountains, altitude is the most important
tactor influencing the distribution of vegetation,
with the effects of aspect on moisture and tem-
perature being the next most dominant factor,
The zonation of vegetation is therefore usually
based on alttude, although it is stressed that this
provides only an approximaton and not a set of
precise rules,

Figure 1.15: Eco-climatic zones, altitude and forest types

3000 - 4500 m in fhe west
2800-4200 minthe east,

Upper tampara) 2700 -3100 m in the west,

2000-2700 mnthe west;
1700 - 2400 min the east.

__Lowanarnpeléwmﬁa

4200 - 2000 m in the west;

Upperboundary al about 1265 m in
the west;
1000 min the aas

| Tropical zone

Main FoResT TYPES (DEFENBING DN 5

upper gobre salla {Pinuswmmana) foresvt

Banjh {oakJ forest, th:aemasn types: Quercusl'suﬂutmhqo\'m
@ fanata, Q. florfbunda and Q. amellosa, in differing sites;

{ower temperate mixed broadleaved forest
lower gobre salla (Pinus wallichiana) forest.

“Subltropical sone . Khote salla (Pinus roxburahil forest;
(e 1000 - 1700 min the sast. . chitaune-katus (Schi Cas:amp%)fﬂreﬁl HE
; - utis{Alnus nepalensis) forest:

riverain forest with tuni nd sifis { Toona and Albizia spwegj

i Sal@SPmambusfa)fbresfMﬂ\mlxed \

Khayer-sisau [Acacia catschu-Daibargia sissao) forest;
other riverain forest (miked species). . % 5
‘grasskand of kans [Sacoharum spontanauni), narkat {Pmawmkarka and
Arnunda clonax) or babiya {Eulaliopsis binara);

- saaj-hanghi (Terrninaia-Anogeissus) forest

oy

Khote salla (Pinus
roxburghii) forest
on asouth-facing
slopeat 1600 m, in
central Nepal, (far
left)

Chilaune-katus
(Schima-
Castanopsis)
forest at 1800 m
above the
Kathmandu
Valley. The area in
the foreground
has been cleared
to allow the treas
to coppice, (left)
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Abies spectobilis
forest near the
tree line at
approximately
3500m, in

Central Nepal

Mixed pine and
hardwood forest
2000-3000m, in

the Upper Trisuli |

Valley, Centra!
Nepal

The effects of altitude are well known and
clearly visible throughout the country, Sal
(Shorea robusia) forest is dominant in the Terai,
Bhabar and lower valleys: this scems to be
closely related to temperature. In central Nepal
the hill sal forest disappears at almost exactly
1000 metres altitude. Lah gurans ( Rhododendron
arboreum) and banijh { Quercus species, or vaks)
arc other examples: they are common on ridges
above 1500 metres, with variations depending
on the actual species. For instance, khasru
(Quercus semecarpriolia) grows from 170()
metres almost ro the tree line ar 3800 metres,
mostly in western Nepal, whereas phalant
(Quereus lamellosa) grows in central and castern

VEGETATION IN ENGINEERING

Nepal from 1600 to only 2800 metres altitude.
Many middle mountain valley sides berween
LODO and 1900 metres have khote salla ( Pinas
roxburghii) on the south-facing side and katus-
chilaune (Castanopsis-Schima) forest on the
north-facing side, demonstrating the effects of
aspect. Khayer (Acacia carechu) forest grows
below 1000 metres in many areas which are
exceptonally dry, such as south-facing slopes
in rain shadow areas. Utls (Alnus nepalensis)
grows only in damp, shady areas or zones of
higher rainfall, and is rarely found below 900
metres. Vegeration type can be an excellent initial
indicator for the engineer, providing immediate
information about the dryness of a site and the
likelihood of water-related slope problems.
From east to west in Nepal there is a general
change in climate. The western part has warmer
summers and colder winters, hence the higher
summer temperature at Nepalgunj compared
with Biratnagar. The lowest winter snowline is
at about 2400 metres in the Mechi hills, 2200
metres on the ridges around Kathmandu and 1800
metres in the Far Western hills near the Mahakali
valley, The effect is apparently due to distance
from the maritime influence of the Bay of Bengal,
and the increasingly continenral climate towards
the north-west. Although the change is gradual
across the country, the line made by the Kali
Gandaki and Tinau valleys, which cut across the
geographical centre of Nepal (Ze. from Musrang
to Bhairahawa) form the general line of change.
These broad variations in climate are reflected
by differences in the foresr types. West of the Kali
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Gandaki-Tinau line, the lower forest in the
Churia, inner Terai and valleys is drierand is com-
monlya sal-khote salla (Shorea robusta-Pinus rox-
burahiy mixture. Khote salla (Pinus roxburohi)
and gobte salla (Pinus wallichiana) forests arc
much maore common. The species of banjh
(Quercus species, or oaks) are different, with a
range more tolerant of dry sites; and chilaune-
katus (Schima-Castanopsis) forest is not found,

Most roads in Nepal are berween 80 and 250(1
metres above sea level, and so fall only into the
lower and warmer eco-climatic zones. The major
exception to this is the Trisuli-Somdang road,
which rises as high as 3650 metres at one point,
That is the only area where the road network
entets the high-altitude forest types dominated
by talis patra (A bies spectabilis) and a mixture of

Low scrubby

yarla (Acer species) and seta gurans (white = ® |;C"SFGL.‘1'”1TI.'IHI_21}-’EI {m}dd.ic mountain) ;;gz:t:;!oan“ee
Rhaododendron species). Midlands (middle hills) line, in the
Mahabharat Range alpine zone of
Vegetation zones and forest types ® Sub-Himalaya (Siwaliks) Sanal Nan
Churia
Inner Terai

In simplification, Nepal can be divided into five
main landscape or physiographic zones, based
on the geological origin. They are:

® ‘Trans-Himalaya

® Higher Himalaya

@ Teral and Bhabar

However, there is no accurate relationship
between these and the eco-climatic zones used to
describe vegetation, The reason for this is that the
mountain geological zones have extensive aldtude

| Figure 1.16: The relationship between altitude, longitude, and eco-climatic and geological zones

i Mahakali valley Kali Gandaki/Tinau valleys Mechi valley
Altitude | Alpine zone R Sl Altitude
(metres) (metres)

Tree line (serub only beyond this altitude)

Sub-alpine cone

4000 Trans 4000
Himalaya:
Ts000 ot e, 1 [ [ : ' s

2000

._Tr:.'r_ar'f'ﬂhaba

[
[

{

" looo Tropical zone N . . : : s e ‘
0] west East | ©
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for central Nepal

Figure 1.17: Major forest types expressed in relation to site moisture and temperature

Cool

Moist [~ Dry
Altitude
(metres) :
3000 | Moist banjh (oak) forest Dry banijh {oak) farest
L Gurans forest i
i Gobre salla forest
2000 ..'Cé'li:l.a_l_.me—katus forest Decﬁuo'us mixed broadleaf forest
~ Semi-evergreen forest ( - Khote salla forest
T i - _
-~ Moist mixed sal  Dry mixed sal forest
F}if-ﬂ.| mixed: Hardvee o Khayer forest
0

ranges, from the bottom of the deep valleys (often
less than 1000 merres above sea level and there-
fore sub-tropical) to the top of the high ridges
{often 2500 metres high or more, making the cli-
mate cool temperate), and so cur across the cli-
matic zones dominated by aldtude-determined
temperature patterns. The big valleys cutting right
through the Himalayas, such as the Karnali, Kali
Gandald, Sun Koshi and Arun are the most spec-
tacular examples. In places, valley side rransects
show a succession of different vegetation types
and villages with different agricultural systems.
The simplified general zones used by both
Dobremez and Jackson (modified slightly) and
the main forest types which oceur in them are
shown in Figure 1.15, page 26. Note that the use
of the term ‘tropical’ is based on the fact that the
forest types extend south into the rropics
although, technieally, Nepal is in the sub-tropics.
Both the eco-climatic and geological zones are
related to altitude and longitude (Tigure 1.16).
Within the broad eco-climatic zones of Nepal,
there are various forest types, which have ;131'\:.;1([\,'
been referred ro. These oceur in different areas
depending on the temperature and moisture
characteristics of each locality. Figure 1.17 shows
how the main forest types are distributed in cen-

tral Nepal,

WVEGETATION IN ENGINEERING

1.7 SITE SUITABILITY OF THE MAIN
SPECIES USED FOR BIO-ENGINEERING

The main species used for bio-engineering in the
road sector can be further designated to different
arcas within the temperature-moisture matrix.
Figure 1.18 does this for the species recom-
mended for bio-engineering in the Site Handbook
{(Annex B), and derailed in Annex B of this
Keference Marnual However, it is stressed that each
species grows in a range of sites within a general
eco-climatic zone and there is no mathemarical
precision in nature. The factors governing site
characteristics are infinitely variable and defy
accurate classification into zones or classes.

Although the classification of vegetation types
is based primarily on aldtude, the stated limits are
not precise. Many species accur over a wide range
of altitudes, and though they may predominate
in a particular zone, they may also oceur slightly
above and below it. For example, gobre salla
(Prnus wallichiana) has its main range from 1800
mettres to 3000 metres, butit may occur 8t) or 1(K)
metres below this level, Most of the altitudinal
limits given in the Srte Handbook (Annex B) have
been determined for central Nepal. There are par-
ticular variations in the Mid West and Far West,
where vegetation has not been studied as much.

The extraordinary variability of site environ-
mental characteristics is the main reason why
each site has to be assessed individually in prepar-
ing civil and bin-engineering works.



Figure 1.18: Indicative site suitability of the main species used for bio-engineering
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This north
facing slope in
Eastern Nepal
(right) is well
shaded and
therefore
retains
moisture,
making it
excellent for
agriculture. In
contrast, the
south-facing
slope across
the valley (far
right) is much
drier and the
land is
consequently
less productive

1.8 WATER AND NUTRIENT
AVAILABILITY FOR PLANTS

Once a plant is environmentally adapred to a par-
tcular site, its growth depends on the availability
of water and nutrients in the soil, An under-
standing of this topic helps the engineer to
explain variations of plant growth between dif-
ferent sites,

Water in the soil

In the soil, either air or water oecupies the spaces
or voids between the soil patticles. Unless the soil
is fully saturated, water is held as a thin film on
the soil particles; or if the partcles are close
cnough, as bridges between the particles (see
Figure 1.19),

There are three types of soil pore, described

below.

® Thelargest pores are macrpores and are =100
pm (> 0.1 mmy). Water drains freely through
a nctwork of spaces and air is pulled in and
roots proliferate. These are the main sites of
air and roots.

® The mesgpores are 30 - 100 pm (0.03 -0.01
mm). These larger pores are the right size for
rapid capillary flow - the movement of water
through the soil in any direction. This is the
main source of water for plants,

® The wmicmparesare <30 pm (< 0.03 mm). They
hold the water tightly, partly by chemical
attraction. This means they retain the water
and do not release it easily.

Water drains through clay soils at a fairly steady
rate, bur with sandy soils there is inidally a rapid
loss of water, and then the rate of drainage tails
off. Most soils in Nepal, outside the lower Terai,

VEGETATION IN ENGINEERING

have a relatively coarse texture and therefore
drain quickly; the main exceptions are rato
mato (red clay loam, semi-lateritic soils).

Saturated soils, such as khet (paddy) soils, give
conditions which are suitable for particular plants
like rice; but the majority of plants require oxy-
gen in the rooting zone. As a result, plant growth
15 best when there is 2 good balance of the two: a
moist, porous soil,

In the nursery, considerable efforts are made to
ensure that these conditions are met. Loamy soil
is brought in and is kept moist but not saturated.
Bio-engineering site planting is carried out once
the monsoon rains have hroken, so that there is
adequare moisture for the young plants. In some
cases itis also necessary to add water by hand.

Availability of water to plants

Water drains freely from soil pores until it reaches
a constant point called field capacity. Some water,
however, remains in the soil as films or bridges
that cling to the surfaces of soil particles (Figure
1.19). Field capacity, then, is a measurable limit
that describes the amount of water that will be
held in a freely drained soil.

Plants extract water most readily from the soil
particle surfaces and larger voids. The main source
of water for plants is the mesopores. As water is
pulled out of the smaller voids it becomes pro-
gressively harder to extract. If the plant roots are
not in the mesopores they obtain water by capil-
lary attraction from the micropores, but this is
much harder for the plants.

In practice, there is a moisture range within
which soil must be kept. On site it is difficult to
control, sinee it is determined by weather. Hot
sun can dry the surface soil rapidly, and it is often
not practical to add water. Heavy rain can satu-
tate the soil, although it is usually only those with
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a high clay content, or with other impeded
drainage, which remain waterlogged for more
than a few hours. In the nursery, much depends
on the naike’s skill in keeping the soil in the beds
within the critical limits. In planning nurseries,
particularly in the Terai, drainage is an important
consideration, to minimise the risks of the soil
remaining saturated. Site implementation sched-
ules must always be flexible to avoid planting
waorks being done if the soil is too dry or toa wet.

Figure 1.19: Films and bridges of water
in unsaturated solls

Films of water

Soil peds

Bridges of water

X x\/)

Effect of stoniness in reducing available
water in soil

Stoniness is the main factor affecting the amount
of available water in the soil. As stoniness
increases, the size of the pores also increases. This
means that the water bridges form less easily and
the warer is held only in a thin film on the soil
particles,

This cffect is made worse in many Nepal hill
slope soils because the colluvium is constantly
moving down the steep slopes, and this keeps the
soil very loose and open. The angular rock frag-
ments result in larger voids with less contact
between the particles to hold bridges of water.
This seriously reduces the amount of available
water in the soil,

Many materials found in Nepal have high pro-
portions of stones. This is particularly the case
with landslides in areas of harder rocks, such as
the Mahabharat ranges, and certain river borne
deposits and debris fans. Even in relatively moist

L)
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sites, these materials can give rise to dry rooting
conditions if rain is not regular. In stony sites,
therefore, the choice of species for bio-engineer-
ing must take the greater risk of drought into
consideration.

Plant nutrient requirements

"The three main plant nutrients are:

 nitrate, which helps leaf growth and if
available in adequate quantities results in
generally increased growth;

® phosphate, which is important for root
growth, helps plants to became established
{and is particularly important for leguminous
plants) and

® potassium, which is needed to keep plants
healthy, is involved in the production and
storage of sugar and starch, and helps
drought resistance,

Plants necd a balance of these nutrdents and also

requite other nutrients in smaller quantities.

The low nutrient status of Nepalese soils

1n general, most soils in Nepal are relatively low

in nutrients. This is a natural occurtence in most

cases and is mainly due to:

® hill slope soils containing many fragments
of weathered rock, which has not been
weathered adequately to release the
nutrients;

® most hillslope and Bhabar soils being newly
formed and highly dynamic, so there has not
been long enough for nutrients to be
released from rock material;

® high intensity monsoon rainfall leaching
out a high proportion of the soluble
nutrients;

® the high permeability of many soils allowing
the maximum leaching cffect;

® crosion, either now ot at some stage in the
past. removing topsoil, which contains
organic matter and nutrients;

® high temperatures speeding up the
breakdown of organic matter;

® on cultivated soils, heavy and repeated
cropping with inadequate inputs of
nutrients through compost or fertiliser;

® on forest soils, continuous removal of
leaves and tree litter for fodder and compost;

® other human activities resulting in
minimum vegetation cover,
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Natural
colonisation of
utis (Alnus
nepalensis) on
bare landslide
debris

The result is that even in forest and agricultural
soils, the conditions for plant growth are far from
ideal. Roadside slopes usually have skeletal soils
and so are often extremely poor in nutrition.

Despite the inherent infertility of most soils,
especially in the hills, the plants that have
adapted to the Nepal Himalaya are capable of
shott bursts of rapid growth. During the dry sea-
00, a reasonable amount of nitrogen can be min-
cralised in the soil, so that as soon as the rains
make the soil moist, it is mobilised and available
to plants. The summer monsoon rains give rise to
awarm, wer period, which is ideal far the weath-
ering of rock and the release of nutrients. Plants
are able to take up adequate nurtrients in this
period, despite the leaching of a large proportion
of the most soluble elements. Nitrogen is partic-
ularly soluble and, if plants are not in the ground
by early in the monsoon, they often suffer a defi-
ciency of this major nutrient. Many plants
improve noticeably in the early rains during the
year after planting, when they benefit from the
next season’s flush of nitrogen.

Many of the recommended bio-engineering
plants are pioneer species, which means that
they are naturally adapted to grow and survive on
poor sites with extremes of sunlight, heat,
drought and low nutrition levels. This avoids the
cost and difficulty of having to apply topsoil to
steep and unstable slopes in order to allow plants
to grow. The dynamic mountain geomorphol-
ogy that has led to such poor soils and harsh
sites, has also given fise to a range of plants well-
adjusted for these conditions.
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Use of leguminous plants to improve soil
fertility

The legumes (I.eguminosac) arc a large family of
plants whose seeds are formed in pods. They
include a range of important crop plants (c.g.
peas, beans, lentils) as well as a number of trees
such as sisau (Dalbergia sissoo) and khayer (Acacia
catechu). Most leguminous plants have special
bacteria living in nodules on their roots called
Rhizobia These are able to take nitrogen from air
in the soil and convert it to a form that is avail-
able to the plant. Because of this feature, legumes
are often planted to enrich the soil, In general
they do help to improve the soil because nirrogen
is such an important nutrient, but it is still impor-
tant to appreciate that heavy cropping of legu-
minous plants can deplete the soil of other vital
nutrients.

1.9 PROGRESSION AND REGRESSION

Plants become established in any place that meets
their basic requirements, In nature, there is a pro-
gressive development of vegetation on a fresh
site. Some plants become established, then others
come in and they interact with each other result-
ing in changes in the vegeration. Finally, stable
vegetation becomes established. In Nepal, if it is
left undisturbed, most bare ground will soon
become covered with small plants and will grad-
ually return to full forest cover, This can be seen
with sand banks in river beds and landslides in
many mountain areas.

A similar pattern of change and development
is seen when bio-engineering plants are estab-
lished on a site. In some cases, if the plants are left
alone, an unsuitable balance of species may
develop after a few years or the species planted
may be killed off by weeds. By understanding the
changes which occur in nature it is possible to
plan the right balance of different species and
manage maintenance so that a suitable balance is
kept. The main rules governing this are as follows.
1. Onabare, inhospitable site, revegetation

must start with pioneer species.

2. Once pioneer species have established, other
plants will begin to colonise naturally. Many
of these will not have the desired properties
for bin-engineering and, if left undisturbed,
they might kill the planted species.



3. Pioneer gpecies cannot survive together in the
long rerm (bevond about 10 years), because
they compete with each other too much. They
must give way to a community of climax
specics.

4. "To establish a climax community, a different
range of species must be planted to replace
the first lot,

5. Ifthe sequence is managed, it can be achieved
much more quickly and effectively than ifitis
left to nature.

These are explained in more detail below,

Progression

This is the natural development of vegetation
on a site over a period of time.

A fresh landslide will have a bare slope that
consists of raw minerals, weathering products
and fragments of rock. Within a couple of years
it will probably be covered with vegetation such
as tite pati (Arfemisia vulgaris), kans (Saccharum
pontanenns) and simalt (1%tex negrends). These fiest
plants on a bare site are called pioneers because
they establish themselves easily in difficult
conditions such as bare, infertile slopes. They grow
from seeds, which may be blown, or be carried in
by animals or birds,

Pioneer plants have special adaptations, which
enable them to survive on harsh sites. These
include:
® low nurrient requitement;
® drought resistance;
® ability to recover after disturbance caused by

moving soil;
® produce large quantities of seeds to

overcome poor germination conditions.

Their enlonisation and developmentlead to bet-

ter conditions, which other species then take

advantage of. For example:

® vegetation cover increases the permeability
of the soil, reducing soil capping and letting
water ing

® lcaves shade the surface so it is cooler and
evaporation is reduced;

® Jcaves intercept rainfall, reducing raindrop
impact and therefore lessening erosion;

® plants create a micro-cnvironment below
ground in which micro-organisms and small
animals live and improve the quality of the
soil;

® plants add hunus o the soil, which helps o

id
-

retain moistare,

The first plants to become established will be
smaller grasses and herbs, but within two years
large herbs will tend to dominate the site. Ban
mara (Eupatorium adenophoram) is the most preva-
lent of these. This development continues and
the grasses and herbs are gradually replaced by
larger woody shrubs and trees. Examples of these
plants are kunelo (Trema orientalis), utis (Alnss
nepalensis) and bhujetro (Butea minor), and takal
palm (Phoenisc humilis) on the edge of forests.
These species tend to be short-lived for woody
plants, generally lasting only 10 to 15 years. As
they develop, they tend to shade almost every-
thing else out. Utis is a well-known example of
this type of plant.

The following qualities make these plants
successtul:

® rapid growth: they may grow 1 metre in height
and 20 mm in diameter each year, e.g. bakaino
(Melia asedarachy;

® cfficient arrangement of leaves: they trap light
well and the canopy closes quickly, shading out
any competitors,

® produce many seeds which are efficiently
dispersed, eg. tlka (IPendiandea pubernla);

® sced has long life and can lie dormant in the
soil for many years until ideal germination
conditions arise: this 1s seen when a tree falls,
causing a gap in the canopy, and many seedlings
suddenly develop in the light; the dormant
sceds lying in the soil are called a ‘seed bank’,

These short-lived trees are gradually replaced by
trees that have a longer life-span. For example,
painyu (Prmus cerasoides) and chilaune (Sehina
wallichii) often start to grow under utis (Adbeus
nepatensis) forest.

Development of organic top soil

At first the soil on a bare site is formed almaost
enrtirely from weathered rock. This bare soil can
easily be eroded by rain water. When a vegetadon
cover has esrablished, erosion is reduced and a
better soil can develop.

The original mineral matter of the soil is sup-
plemented by organic marter, which comes
mainly from leaf litter. As well as providing
organic matter, the leaf litter armours the surface,
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Mixed hardwood
forest on a
south-facing
slope at 1000 m
in the Trisuli
Valley. At this
point, sal
{Shorea
robusta) is
being replaced
by a range of
other species

turther reducing erosion. As the process contin-
ues, a darker top soil develops. This has a greater
content of organic matter and is more eohesive,
It usually starts to have a higher proportion of
sand, silt and clay, because the finer particles
cease to be washed our. Tts fertility increases.
Below the soil surface an interdependent com-
munity of animals, micro-organisms and fungi
becomes established. Decaying plant and animal
remains are converted into nutrients that can be
used by plants, and soil minerals are broken down
to release the nutrients they contain.

Despite this process starting relatively rapidly,
the formation of a good topsoil takes man y
decades to become significant. In the mountains
of Nepal, even in pood quality natural forest, the
slopes are often too steep, and the geomorpho-
logical pracesses too dynamic for good topsoil
ever to establish,

Establishment of stable vegetation

Established forests are seen in many areas. In
some cases, such as sal (Shorea robusta) forest,
there are tall trees with broad canopies. They
reach an apparently stable mixture with a range
of different species. They provide homes for larger
animals such as monkeys, which in turn support
the trees by contributing 1o seed dispersal. Dead
trees become homes to insects and i ungi, and as
they gradually decay they return to the soil and
feed other trees, The gap in the canopy produced
by their death allows replacement trees of the
same species to develop from the seed bank. If
there is no major disturbance the forest may
remain unchanged.

In the past this was described as climax forest,
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Lt was seen as the end product of progression. No
further development was imagined and it was
seen as the goal of environmental protection.
Now we see this as a stage of stable development,
The vegetation may stay in this state for a con-
siderable time. But in its natural development
gradual changes may occur which are acceptable.

Regression

Progression does not lead to a permanent state.
However, changes may oceur which disrupt the
normal development towards stability. This is
called regression.

Regression may be caused by several factors,
including fire, grazing, cutting and landslides.
Fire can be very damaging, as it can destroy all
seedlings and replacement growth. A less severe
fire can still scorch and check the growth of larger
trees and kill young trees,

Grazing by cows and goats destroys all the
voung, palatable growth within their reach. Goats
also disturb the soil as they elimb slopes and may
lead to the reduction of vegeration cover and 1o
small landslips.

Ovet-cutting by people may destroy marure
trees and leave large openings in the canopy
which allow other species to invade.
Alrernanvely, cutting smaller trees for firewood
may remove all the potennal replacement rrees.
Landslides have a major, localised effect 1
destroying mature, stable vegetation.

In cach case, one of the main effects is the
destruction of voung plants. This means that
when the older plants reach maturity and die,
they are not replaced.

Implications for bio-engineering

Pioneer plant specics arc important for bio-engi-
neering because their adaptations are well-suited
to the dry, infertile conditons characteristic of
landslide sites, and bare cut slopes. In bio-engi-
neering it is necessary to select species showing
these characteristics.

The ability to cope with moving soil is less
important because bio-engineering is only used
for stabilising shallow failures up to about 500
mm. Deeper failures are managed by civil engi-
neering structures, which should be constructed
first. Nevertheless, bamboos are very sensitive to
soil movement and should not be planted if there

e
L



isa risk of movement around their roots. The rec-
ommended bio-engineering grasses, shrubs and
small rrees are all tolerant of movement.

Large numbers of plants are required in hio-
engineering The ability to produce many seeds is
not necessarily important because many species
are propagated vegetatively. However, the ability
to produce a large quantity of planting material,
cither by seed or from vegetative cuttings, is
important.

In the absence of latge quantities of natural
leaf litter on bare sites, mulch can be used when
establishing plants. Later the sites should develop
their own leaf litter.

The main points related to the establishment
of stable natural vegetation are:
® the use of fast-growing species for rapid

establishment;

Figure 1.20: The main resources for
which plants compete

Cutting and
burning
vegetation has
reduced the
stability of this
slope and left it
highly
susceptible to
erosion

® the establishment of a stable, easily maintained
plant community;

® the development of a vegetation cover that
will reduce erosion;

® the development of a canopy, which shades
the soil and improves rootng conditions.

Since it is usually necessary to establish a bal-
anced plant community with a variety of plants
carrying out different bio-engineering functions,
one feature to avoid is an unbroken higher plant
canopy, which shades out all shotter species such
a8 grasses.

Itis important to wy 1o avold all of the regres-
sion factors, Fire, grazing and cutting are tackled
through protection of the site, and liaison with
local people wherever possible, Landslide damage
is avoided by careful stabilisation measures, using
both civil and bio-engineering structures.

Good management ensures that trees
are well spaced and are lopped to keep
them small, as in this roadside slope.
Here, highly productive fodder grasses
have been planted between the trees
to provide complete surface cover

ROADSIDE BIO-ENGINEERING



This plantation is
well managed

for soil
conservation as
it has been
thinned to allow
sufficient light to
penetrate the
canopy and for
grassesto
flourish, The
rasultisa
complete surface
cover of grasses

1.10 COMPETITION BETWEEN PLANTS

Plants grow singly, in groups of the same species
orwith other species as a community. Each plant
has a tendency to use as much of the available
resources as possible. The resources for plants
are water, nutrients and light, located hoth ahove
and below ground (Figure 1.20). This usually
leads to a problem between any plant and its
neighbours. Obtalning any resource at the
expense of another plant is termed competition.
Competition takes place in two areas:
@® above the ground, competition is mainly
for light;
® below the ground, competition is mainly
for nutrients and moisture (water). The
mannet in which root systems interacr and
compete is not completely understood,

Light
Plants will start to compete for light as soon as

they form a continuous canopy. This starts when
they are very small if the plants are growing close

VEGETATION IN ENGINEERING

togerher. In trees the main problem is seen from

four to five years onwards. If there is a higher

canopy with an understorey below it, the shading

of the understorey plants is a pardcular problem.
There are three main options for overcoming

the problem:

@® rcimove or space out the tall plants;

® rcduce the volume of the canopy;

® introduce plants that are shade-tolerant into
the understorey.

Since they have been put there ro fulfil a bio-cngi-
neering function, it is not usually desirable ro
remove all the tall plants, However, once the veg-
etation has become established, it can be thinned
to provide space for light to penetrate berween
the plants. This is generally necessary at intervals
as tree plantations develop.

The volume of the canopy can be reduced in
a number of ways. Pruning is the selective
removal of branches. On most shrubs and trees
it is safe ro remove all the branches from the
lower half or two thirds of the plant. This alone
canimprove light penetration when branching is
heavy,

Complete thinning is the most common and
effective way of increasing the light penetrating
a closed canopy of larger plants, This is where a
shrub or tree is cat off at the ground and not
expected to re-grow from the stump, Where a
complete canopy has formed, it is usually neces-
sary to remove between half and two-thirds of the
canopy. Full details of pruning and thinning are
given in Section 5 of the Site Handbook, and are
discussed comprehensively in Chapter 3 of this
Reférence Manual

Some trees can also be pollarded or coppiced.
Ln pollarding, the whole of the top of the tree is
removed, typically at abour 2 to 4 metres above
the ground. Afrer pollarding, new branches
develop at the top of the trunk. Coppicing is a
similar process, but the tree is cut off just above
ground level. New branches then grow in the
same way that they develop after pollarding The
advantage of these techniques is that a canopy
can be completely thinned while still retaining
the extensive network of roots from the larger
plants, The lists of bio-engincering species in
Annex B of the Site Handbook give derails on the
tolerance of different trees 10 coppicing and pol-
larding,

Shade-talerant species can be used in the
understorey, but there are not many species that

i7



provide the 100 percent ground cover that is
required in bio-engineering. Almost all the grasses
tequire full light in which to grow, and can tol-
erate only very limited amounts of shading,
Therefore if a ground cover of grasses is required,
the canopy must be kept very light.

Water

When thete is not enough water to go round,
plants compete for water and this can become a
problem. Generally, this happens in Nepal from
February to May. It vaties from place to place and
can be different from yveat to year. Some areas
have extremely high rainfall bur may stll face
problems for part of the vear, (Lumle, with an
AVETAgE of over 3000 mm per vear. suffers from a
soil water shormge for nearly ane month in May,)

Passible solunons invelve providing more

water, reducing the level of demand for water and
using drought-resistant species.
It is possible to provide additional water in the
nursery, and sometimes also on site when it is
being planted. Afrer that itis nova realistic solu-
torn. If conditons are dry, warer may not be avail-
able within a reasonable distance, Even 1f it is
available, watéring is niot a good soluticn. Planes
that are regularly watered in drv seasons tend o
aevelop shallower rooring systems and as a resu't
they become more dependent on bel g watered
and do aor fulfil the engineering functons so
weil. Watering is also very labour demanding and
labourers can be more usefully emploved on
other work.

Weeding can reduce the demand for warer,
This is impottant during establishment, so that
the desirable species have the best opporuniny for
deveiopment, Pruning reduces water demand,
and is ofren used on hamboos. Mulching can also
reduce the loss of water from the soil. That
involves placing a laver of cut vegetation on the
surface of the soil. This should be dose 1o the
plant but not touching ic. Mulching is described
in Section 317 of the Sire Handbook.

Finally, drought resistant species can be
seleered. This is the best and most common
approach in roadside biv-engineerng, Inan envi-
ronmentally dry area, it 1s best w0 plan to use
droughr-resistant species from the beginning,
Examples ave all of those tolerant of dry sies in
Figure 1.18 (see p30), such as khaver ( Aeaeia car-
cchud) and babivo (Eulalopsis binata).

Nutrients

The problem of competition for nutrients is sim-
ilar to the problem of competition for water,
except that it can occur during the warmer and
damper part of the year since plants use nutrients
whenever they are growing. If there are not
enough nutrients in the soil, plants will compete
for them. This can begin as soon as a scedling has
put out roots and can no longer grow on its own
food reserves.

Jusr as the problems of competition for water
and nutrients are similar, the solutions are simi-
lar. More nutrients can be supplied through
putting compost near the plant, or from the
mulches thar have been used o reduce warer [oss,
Nitrates can be provided through using legumi-
nous plants, which have bacteria on their roors
that are able to use nitrogen from the air. These
nitrates can then beceme available for other
E}.'E’].I'IT?\.

Experiments on roadside slopes have shown
that adding chemical fertilisers does nor give a
response of improved growth in grasses. This
ateans that either nutrition is not the factor hm-
ing growth; orifitis, thar it cannor be overcome
ustng chemuical fertilisers.

Weeding reduces the competition for nutrients

&1 a site that is becoming established.
k)

Plants thar are

le to tolerate low nutrient
ievels, such as kans {Saccharum
used.

seonAneu, can be

1.1 PLANT COMMUNITIES |

A plant community is an established group of
piants living more-oi-less in balance with cach
other and their environment. The group ean be
natural or managed. 'The community is usually
dominared by the main species of trees, butalso
contains lower plants, such as shrubs, grasses and
herbs. Some trees tolerate large numbers of
climbers and other parasitic plants, such as orchids.
Figure 1.21 gives some examples of vegetaton
communities.

Most natural vegerauen communities in Nepal
are characterised by a large number of species. By
companson, planted communines have relanvely
few species. An ideal plant community fer bio-
engineenng contains a carefully planned variety
of different plants which together meet the

ROADSIOE BIO-ENGINEERING



DOMINANT SPECIES MAIN ASSOCIATED SPECIES t P'ERmD OF comuum suaw\w. CDMMENTS :
Banjh{Queareus 2 Varisble, depending on location; lali gurans  Indefinftely Tham.are mazny types of banjh {oak} forest com-
leucatnchophora and (Rhadodendron arborsurm), angeri (Lyonia - munily across the length of Nepal. There are wet
Q. lanata) ovalifolia), bhalayo (Rhus wallichi), te nigalo and drytypes. Quercus relmhhophorms more
bans {Dropanostachyun infermeadiurr) and dominantin the west and @, fanata mare domi-
lokta (Daphne species)are common in some nantinthe east i
i T
Uitis Almost pure: sofe angeri (Lyonla ovalifolia)  Temporary: utis appears able to regenerate
(Ainus nepalensis) and often a dense understorey of ban mara anly on-open ground; other species start to
(Eupatorium adenophorum) appear, suchasdihune(Sci‘wmwamfm
e andkalus (Castanopsisspecies) =~ o
Chilaune-katus Variabie, depending on lecation; often almost  Indefinitely A wide range of species is seen under chilaune
(Schima wallichii- pure stands of these two species: forest, but in small quantities. Because this forest
Castanopsis species) : type acaurs in the papulated middle hifs, it has
often been serlously disturbed.
Khote salla Dhanyero (Woodfordia fruticosa), sal (Shorea  Salla acts as 2 ploneer spacies; afler fivelo  Salla can be planted as a pioneer spacies. as in
(Pinus roxburghily robusta), chilaune (Schima wallichil), katus  ten years, ine associaled species will stat  Kavrepalanchok district, and gradually moved to
(Castancpsis species), khar (Cymbopogon 1o esiablish and will fast indefinitely a mixad forest ag other species come in and are
migrotheca) efc, favoured in forest management operations.
Khayer Bel (Asgiamafmebs} kadam (Anthocephialus  Indefinitely Insome casas the khayer becomes dominant,
(Acacia catechu) chinensis), dhmde INeyvmdm reynagdiana) with & poor understarey which allows erosionto
oftc. iake place under the established forest.
Sal Saaj (Tenminakis species); karma {Adina  Indefinitely . This community is found mostly in Terai sai for-
(Shorea robusta) cordifolia); barjhi (Anogeissus latifoliz); jamun ests; hill sal forests (on the lower slopes of daap
{Syzygium curmini) ete. velleys) are often almost pura sal.
KE

engineeting needs of the site. Examples of this
might be:
® an open canopy of khayer (Acica catechu) with
a dense ground cover of babiyo (Euhfiopsis

[ ]

bimata);

an open canopy of mixed dhanyero
(Woodfordn # uticosa) and aren (Acca
penmtal, with a ground cover of kans

(Saccfmrum sportaneumy);

an open canopy of mixed utis (Alnus
aepafensts) and painyu (Aruaus caasoides), a
middle storey of mixed bhujetto (Butea
murmr) and areri (Acaca penmata), and a
ground cover of sito (Neyrauda arundimcea);

However, the exact community which is devel-
oped under bio-enginecring depends on the
engineering requirements of the site and the

VEGETATION IN ENGINEERING

environmental conditions of the locality.

The general principles for managing plant

communities in bio-engineering are as follows.
® Where possible, use a mixture of plants in the

initial planting, If you rely on one species
and this fails, there may be a complete loss of
the planted material.

Start with pioneer species. For example, with
a damp and north facing slope you might
introduce uts and some understorey grasses,
Plan a balance of plant species in the
community. Generally include grasses,
shrubs and trees (but the exact balance is
determined by the engineering requirements
of the site),

Remember that dominant P]aru‘s such as utis
must be replaced or thinned out within five
to 10 years, Otherwise the understorey plants
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will be overshadowed and eradicated

completely, allowing erosion to start under

the tree canopy.

® Thin the plants out propetly to maintain a
balance,

® Clear weeds to reduce competition,

® Re-plant gaps.

These are given in more detail in Section 5 of
the Sire Handbookand elaborated in Chapter 3
of this Reference Manual,

1.12 SUMMARY OF THE IMPLICATIONS OF
PLANT ECOLOGY FOR BIO-
ENGINEERING

® Vegetation in Nepal prows in zones
determined mainly by the tempetature and
moisture conditions for which each species
is adapted.

® The zones are recognisable and definable
within certain limits, They do not coincide
with the terrain zones.

® Each of the species used for bio-engineering
has a tolerance for site conditions that is
reasonably well defined. As a result, species
can be found to grow on almost any site,
depending on its characteristics.

® Water is the main factor limiting plant
growth in the warmer months,

® Soil nutrition seems rarely to be a limiting
factor; in any case, the species used for bio-
engineering are tolerant of very low fertility.

® ‘The use of pioneer species for bio-engineering
on bare roadside slopes helps to allow a
vegetation community to establish, through
the development of shade and berter soil.

® A number of factors can cause regression if
the plants are not well protected.

® Plants compete with cach other for resources.

® [n bio-engineeting, the competton for light
is the most eritical aspect. If not managed,
the canopy of higher plants can shade out
the ground cover.

@ Asaresult, regular maintenance is required to
ensure that bio-engineering systems develop
as required,

® There is a range of natural plant
communities. These do not hold all the
engineering attributes required of bio-
engineering vegetation systems. For this

teason as well, regular maintenance of the
vegetation is needed to ensure that the
optimum mixture of plants is both artained
and sustained.

The use of vegetation in engineering involves
manipulating nature for specific purposes. It is
not simply a matter of establishing a vegetation
cover to become part of a long term natural plant
community. Management of the plants to fulfil
specific engineering functions can make vegera-
don playa much larger role in stabilising and pro-
tecting a slope than it would do otherwise.

Because of the harsh nature of bare landslide
or other disturbed roadside slopes, it is rarely pos-
sible to establish the final plants straight away.
Instead it is necessary to start with pioneers that
are adapted to these condidons and then change
the mixture of plants gradually to a community
which is more-or-less stable. However, it is usually
important to ensure that the slope is atmoured
against erosion. Grasses are by far the best plants
to achieve this. But grasses mostly require full
sunlight in which to grow; so to sustain a good
cover of grasses it is necessary to keep the shrub
or tree canopy as thin as possible, On the other
hand, without the shrubs and trees, the deeper
reinforcing and armouring functions required on
many sites would not be provided.

ROADSIDE BIO-ENGINEERING
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2.1 THE GEOLOGICAL FRAMEWORK OF
NEPAL

The stability of Nepal's mountain slopes is deter-
mined largely by the geology that malces up their
structure, In order to understand the principles of
slope stabilisation, it is necessary o know how
the slopes were formed, whar they are composed
of and how they are evolving, This section intro-
duces rhese topics, and helps to pravide a back-
ground to the site assessment  procedures
described in the Site Handbook.

Geological synopsis

The physical environment of Nepal is dominared
by a major mountain-building process caused by
the collision of two continents. The meeting of
two continental plates is not smooth, of course.
The movement accurs in a series of jerks, or earth-
quakes. Great chunks of rocks have been pushed
upwards, bending (folding) and breaking
(faultng) in the process, As the mountains have
arisen, so the forces of nature, particularly water
and gravity, have started to cut them down again.

The two continental plates are sdll moving
together, at the rate of a few centimetres per vear,
and so the mountains are still growing, There is
a tme lag between the growth and the wearing
away of the mountains; hence nature has a sub-
stantial backlog of slopes to reduce.

Itis on these slopes that Nepal is situated, and
on which we are trying to build and maintain our
roads. Nepal is situated in the central part of the
Grear Himalayan Are, which extends for about
2,400 km from the Punjab Himalaya in the west
to the North Hastern Fronder Area or Assam
Himalaya in the cast. The middle strip of 820 km
constitutes Nepal,

The Earth’s crust is compaosed of alayerof cool,
brittle rocks, abour 30 to 40 km thick where the
main continents oceur, These effectively float on
the surface of the semi-malten rocks of the man-
tle below. Very slow, viscous flow in the mantle
causes sectons of the crust to move relative to
each other over immensely long time petiods.
One large section (or ‘continental plate’), known
as the Indian Shield, has been moving towards
and underneath another section, known as the
Tiberan Plateau, for approximately the past 40
million vears,

The continents meet through a series of
thrust faults, where one rock tvpe is pushed on
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top of another, It is assumed that the height of
the Himalayas is attributed to a great thickness
of crust rocks underneath them, since the north-
ern part of the Indian Shield plate must now be
underlying the southern part of the Tibetan
Plateau plate. The principle of isostasy’ means
that the lighter but now thickened crust rocks,
where are effectively floating on the viscous man-
tle below, rise higher than the surrounding areas
of crust.

The southerly edge of the original Tibetan
plate rocks can be seen ag the Mahabharat range.
The northern edge of the Indian Shield rocks are
not visible, since they have been covered by huge
volumes of sediments: these comprise the Churia,
Bhabar and Terai, and lie on top of the older
Indian rocks, The Churia have in turn been
uplifted, distorted and eroded during the more
recent part of the process.

The rare of geological evolution is nor always
constant, There appears to have been a very active
tectonic regime from the late Tertiary to the pre-
sent (Le. from about 10 to 20 million years ago),
This has given ise to the crushed, folded and frac-
tured rocks, and art the same time has been com-
hined with a petiod of relatively rapid sub-tropical
weathering. Combined with the effects of mon-
soon storms on the near-surface hydro-geology,
these factors explain why the mountains are so
unstable today.

The physiographic north-south eross-section
is similar throughout the Himalaya; therefore a
simple geo-tectonic zonation, which is applicable
tor the whole orographic belt, is also valid for
Nepal. These divisions are also well correlated
with the zonal distribution of the geological for-
mations and the strucrural arrangements along
the Himalayan trend. The zonation is longitudi-

Large deep-
seated landslides
Can occur on a
number of
different planes,
such as has
happened in this
example of a
rotational faiture
at Mulghat,
Dhankuta
District. A
number of scars
are visible to the
left of the
buildings

' lsostasy ls the
state of
equilibrium,
which Is thought
10 exist in the
Earth's crust,
where equal
massas of matler
underlie agual
areas, wihetherof
continental or
DCRAME Crust
rocks, ta a level
of hydrostatic
compensation.
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sz Slope
4 More slable’ . Less stable
Gaology :
[Opposite does notoccur]
Older, more consolidated rocks

Majordisturbance (faulling, folding)
Younger, less conselidated rocks

.. Shorter slopes Longer slopes
Geomorphology
Undisturbed ridges Unstable valieys

[Opposite does Aot ocour] River cutting {dewn-and under-}

[Opposite does not occur] Gravity and colluvium formation
Hard and cohesive rocks ~ Weak rocks :
Stable minerals (weather slowly) Unstable, easily weathered minerals
Undisturbad rock masses Fractures
Hard, Unweathered rocks Weathenng
Materials

' Moved and unconsalidated
Reunded & poody bound fragmsrns
Fast soil development
High infiltration soff. -

In st arid consalidated
Angular inter-locking fragmenis
* Slow soil development

Low infiltration soil

High hydraulic conductivity - Low hydraulic condicivity
Cohesive surface Uncohesive surface [ayar
Veget'ened surface. .. Unprotected surface
Water i
Low rainfali i High rainfall
- Dirler location Damper location

. Lowintensity rainfali Intense rainfalt

factors form the following main
types of failures

Failure ty']:leE "

Erosion

Planar (transtational) landslides

~ Shear (rotational failurs)

G ;:--'Debrisﬂw

. Rock fallures

Figure 2.1. Summary of the main factors affecting slope stability

What can be done to resolve it

Naothing cain bedene

Nethibg can bedone

Slopes can sometimesbe brukenupby building large check dams
crretaining walls.

Nothing can bedone :
Largescaleriver uaungmmsmsumwmasmm

Lange retaining wals sometdmes retand colluvial movements

Nothing canbe dong u‘lderrmnalNBpﬂlBSandlLﬂtB
Nething can bedone

thsqéléqﬁmrtca‘:m‘ehm&s be provided :

Support, anchorng and reinforcement can somedines be provided

Meaterisls can be anchored, supporned and reimoroed

Materisls Gan by anchored, supportec and reimionced . -

The surface soll 2an be reinforced with plant roots

Drairage can be improved (o encourage runoff.

Drainags can beimproved :
Thesmfamlayermbemmdmdrenfomdmmplantmuts i
Aﬂmdﬁmdmcanoe\ﬁgemﬂbyblo-engwmu

More drainage can begivan
Drzinage Gan be improved: -
Dswemmsfopemmmmn be increased

urative action required

Surface armouring is required. Mainly done using bio-
enginasting, but eheck dams may also b figeded.

Suppert, anchoring and reinforcsment are needad. Usually
achieved by civiland bio-enginearing works combined.
Drainage, support, anchoring and reinforcement ars needed.
Usizaily achisvad by civil and menglmﬂngwoncs combinged,
with the main support achievad by a heavyrataining wal
Dramageanﬂ reunlnr ment are needed. Lisually achleved

Is required. This can usually on[y- b' 2 done usmgcwul
engmeennq technigques.

nally arranged from south ro north as shown in

Figures 2.2 and 2.3.

UNDERSTANDING THE DYNAMIC LANDSCAPE

Trans-Himalaya or Tibetan Tethys
Himalaya

The Tibetan Tethys Himalaya reaches to alti-
tudes of about 5000 metres above sea level. In this
zong, the Tethys sediments of the Palaeozoic to
the early Cenozoic ages (4e. from about 400 to
only 50 million years old) are spread over an area
underlain by granite bodies. The sedimentary
rocks are highly fossiliferous. The Tibetan Tethys
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ZONES FALLTS
Trans-Himalaya
Higher Himalaya
Main Central Thrust
Lesser Himalaya: Midlands
{middle mountain)
Mahabharat range
Main Boundany Thrust
Sub-Himalaya: Chria
(or Siwaliks)
- Inner Teral
Terai: Upper piedmont alluvial
i plain (Bhabar)
Lowar pisdmont alluvial
plain (Terai)
whers: duers and streams dlacharge from mountains.

W

Rock TYPES

e R R R Sl R L e e S W

Tibetan Tethys {ancient marne) sediments:
inssiiiferous sandstones, claystones and others

Gnei_sses_. graniticrocks, schists and dolomites

Relatl\mlysoﬂ rocks (gentler slopes, thicker soils),
granilic gneisses, limestonss and phylites
Relatively hard rocks (steeper slopes; thinner soils);
Quarzites, dolomites and schists

Uncwsol:daied sandstones, shales, mudstones and
! cpnglomnratss
Alluvial {boulder, gravel, sand, silt and clay)

Main Fronial Thrust (e Himalayan Frantal Thrust)

Alluvial (houiders. gravels and sands), gently sloping (5-87)

Alsvial (silts and clays), very gentiy sloping (2-3%)

hate: ‘piedmont’ literally means foot of the mountain A pledmont all uwal plain is formed by Ihe coalescence of numerous aﬂuw aifans

zone is bordered to the north by the Indus-
Tsangpo Suture (a line of join of meeting), which
stretches along the Indus and Tsangpo rivers. This
fault zone signifies the collision trace of the
Indian subcontinent with Eurasia. The width of
the zone is approximately 40 km. The Thak khola
arca in Mustang is considered as the type exam-
ple of this area in Nepal. So far it is the only geo-
logical division not touched by a part of the road
networlk,

Higher Himalaya

The Higher Himalayan zone ranges from 2000 to
motc than 8000 metres. There are altogether 14
mountain peaks higher than 8,000 metres and, of
these, the Nepal Himalaya contains eight (Ze.
Mount Everest or Sagarmatha, Kanchenjunga,
Lhotse, Makalu, Dhaulagin, Manaslu, Cho-Oyu
and Annapurna 1). The upper parts of these
mountains are formed by Tethys (ancient marine)
sediments, which are underlain by the central
crystalline rocks, The whole range consists mainly
of high-grade mttﬂmurphic rocks, such as schist
and gneiss. This zone is characterised by sharp
peaks and deep gorges: the Kali Gandaki valley is
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the deepest gorge in the world.

Both the Higher Himalaya crystalline base-
ment rocks and the Tibetan Tethys sediments
thrust on the Lesser Himalayan rocks along the
Main Central Thruse (MCT).

Few roads have been built in this zone. The
maost notable is the Arniko Highway, which uses
the Bhote Koshi goree to cut right through the
Higher Himalaya ata reladvely low altitude.

Trans-Himalayan
terrain in the
upper Kali
Gandaki (Thak
khala) Valley.
Although this
area is now at
very high
altitudes, these
rocks were laid
down under an
ancient sea, and
now comprise
the main Tibetan
plateau
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LESSER HIMALAYA

Midlands

SIWALIKS | Mahabharat Range

GIGANTIC
_PLAIN

Indian Shief : e

Main:Frontal Thrust

m Alluvium

Source: Deoja. B, Dhilal, M, Thapa, B and
Wagner, A. 1991, Mountam Risk Enginganing
Handbook: Part |, Subfect Background,
Intemational Centra for Integrated Mountain
Devetlopment, Kathmandu,

Crystallines

Lesser Himalaya or Middie Mountains

! Gondwanaland
was the
southerly of the
Iwi aneient
cantinants,
which once
comprised the
Earth's wo big
land masses
(the other was
Laurasiz]. The
Indian Shield
was once pari of
Gandwanaland,

The Lesser Himalayan zone lies to the south of
the Higher Himalayan zone. [t is bordered by the
Main Central Thrust (MCT) fault in the north,
and the Main Boundary Thrust (MBT) faulrin the
south. This zone is characterised by medium- to
low-grade metamorphic rocks, as well as some
ignecus and sedimentary rocks, Most of the Tesser
Himalayan rocks are barren of fossils except for
a few occutrences of stromatolites (fossilised

Typical Midland
lerrain in tha
Lesser
Himalayan
(Middle Mountain) §
Zane. Relatively
soft rocks give
rise to gentler
slopes suitable
for cultivation

UNDERSTANDING THE DYMNAMIC LANDSCAPE

Main Boundary Thrust

B siates/shales

s Quartzites/Sandstones

Figure 2.3: Diagrammatic cross-section of the Himalayas

HIGHER HIMALAYA

Main Central Thiust

hyllites

=8 Schists

cotal), but the Gondwana' sediments of the
Palaeozoic 1o the early Tertiary age (ie from
about 400 to only 50 million vears old) possess a
large number of fossils,

Lt can be further subdivided physiographically
into the Midland and the Mahabharar Range.

Midland zone

This lies immediately south of the Higher
Himalayan zone. It consists of relatively los-lying
hills, river valleys and tectonic basins, Its alttudes
range between approximately 1000 and 3000
metres. The width is around 30 km. The Midland
is represented by a rather dissected topography
with predominantly dendritic, centripetal and
sub-parallel drainage patterns. Residual soils are
found on the ridges, while colluvial seils and
talus deposits are present along the slopes. Tt
consists mainly of meramorphic and igneous
rocks, Due to the presence of soft rocks such as
phyllite, the Midland is amenable to terrace cul-
tivation; furthermore, it has a temperare climate,
Since it is favourable for both cultivation and
shelter, a dense population is concentrated within
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Rato mato forms a distinct terrain
type in many lower-altitude areas
in the Lesser Himalaya

this zone and many major roads have been con-
structed to serve its numerous towns and villages.

Among the tectonic valleys, the most notable
are Panchkhal, Banepa, Kathmandu, Pokhara and
Mariphant.

Mahabharat range

This rises up to 3,000 metres above sea level and
extends from the cast to the west of Nepal with
only minor breaks, in river valleys such as the
Sapra KKoshi, the Sapta Gandali, the Karnali, and
the Mahakali. Tt bears rocks from Pre-Cambrian
to the early Palacozoic age (ze. from 2,000 or
3,000 to abour 500 million years old) in different
places, with Gondwana sediments as well. The
tocks consist mainly of quartzite, granite, schist,
marble and limestone. Most of the high peaks are
found either on granite or limestone. The range
is characterised by dendritic, radial and rectan-
gular drainage patterns. These harder rocks give
rise to steeper, more rugged slopes with thinner
soils and less available water. This accounts for the
relatively sparse population in the Mahabharat,
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Roads between the Midland and the Terai have to
cross this range, and the ascents (o i1s passes are
often spectacular. Simbhanjhang on the
Tribhuvan Rajpath is the best known.

Sub-Himalaya, Siwaliks or Churia Range

The sub-Himalayan zone is limited by the Main
Boundary Thrust (MBT) to the north along the
southern foot of the Mahabharat Range; and the
Main Frontal Thrust (MEFT) or Himalayan Frontal
Thrust (HIT) to the south at the southern edge
of the Siwalik Group. The Lesser Himalayan {Imic-{-
dle mountain) rocks thrust over the sediments of
the Sub-Himalavan zone (e the Mahabharat has
been pushed over the Churia).

The Churia hills of the Sub-Himalayan zone
are the first hill range in front of the plains. They
rise to approximately 1,000 to 1,200 metres above
sea level. The materials are derived from
molasses deposits' | which resulted from rapid
uphcavals in the Higher Himalaya from the late
Tertiary to the early Quaternary age (Le within
the last 10 million years). Trellis, par-allcl, sub-par-
allel and rectangular drainage patterns, suscepu-
ble ro flash floods, are characteristic features of
this region. The topography is rugeed, with
numerous gullies and mounds of talus or scree.
Streams are dry most of the time, but become haz-
ardously active during the monsoon, leading to
intense erosion, flash floods, debris flows and
sedimentation.

The Churia hills make a continuous distinct
range from east to west, except that in a few areas
they merge with the Mahabharat Range. In some
places they form Dun Valleys, which are inter-
montane basins.

With the exception of the Dun valleys, the
Churia are generally roo rugged, unstable and
inhospitable to support much habitation. Roads

! Molasseis a
Swiss geociogical
term (o describe
certain
depositonal
matarials found in
fold mountain
balts, Molgssas
are 2 contine ntal
(4.8, nor-marine)
deposit formed in
marginal troughs
and intar-montana
basinz during and
after major
hectonic
mavements. They
are often
camentad with
calearenus and
clay-rich
materials

The
unconsolidated
rocks of the
Sub-Himalaya
of Churia
Range give rise
to inhospitable
terrain, which
remains largely
forested
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The Terai forms
an extensive
alluvial plain to
the south of
the Himalayas

passing through the Churia always have slope
stability problems. All the south-north roads
cross the Churia range at some point, and some
road sections, such as between Chisopani and
Surkhet, run through this terrain for very long
distances.

The Siwalik Group has thrust over the Terai
plain along the Main Frontal Thrust (MFT)
fault. The MFT is not a continuous line, but
rather it is in an echelon (stepwise) pattern. As
with the Main Central and Main Boundary
Thrusts, it is still active.

The Siwalik Group is divided into three major
units: the Upper, Middle and Lower Siwaliks.

Lower Siwaliks

These consist of irregularly alternating beds of
fine-grained, grey-coloured sandstones, varie-
gated mudstones and pseudo-conglomerates.
Sandstones are moderately hard, and cemented
mostly by ealcite. The upper part of this unit is
composed of sandstones and variegated mud-
stones in roughly equal amounts. The thickness
of individual beds of sandstones and mudstones
varies from 1 to 10 metres, and | to 2 merres
respectively.

Middie Siwaliks

This unitis further subdivided into two sub-units:
the Lower Member and the Upper Member.
The Lower Member is represented by fine- to
medium-grained, thick-bedded, compact, fairly
hard, greenish grey to light brownish grey,
micaceous sandstones, interbedded with greenish
grey or brownish vellow to purplish grey mudstones
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and shales. In places, thin lenses of pseudo-con-
glomerates have been recorded, especially in the
upper horizons. The size of the pebbles varies
from 5 to 20 em. Plant and animal fossils are pre-
served in both mudstones and sandstones.

The Upper Member is composed of me-
dium- to coarse-grained pehbly sandstones with
rare grey to dark grey mudstones, and occasion-
ally silty sandsrones and conglomerates. The thick-
ness of the individual beds varies from 1 to 15
metres,

Upper Siwaliks

This zone is composed predominantly of gravel
and conglometate beds. Individual conglomerate
beds of 2 to & merres thickness lie between the
medium- to coarse-grained, brownish grey sand-
stones and occasionally siltstones. The size of the
pebbles varies from several to 100 millimetres.
The rock is loosely packed and consists of pebbles
of quartzite, dolomite, marble, imestone, granite
and Lower Siwalik sandstone and shale. The
matrix is calcareous or clayey.

The Terai Plain

The Terai forms the main ourwash plain below
the Siwaliks and the middle mountains. It
extends right across the south of the Himalayas,
although in Nepal it is interrupted in places by
outlying Siwalik ranges, which extend to the
Indian border. To the south, it forms the great
plain of the Ganges. It is an alluvial formation
of sediments and composed mainly of gravels,
sands and silts, of late Tertiary and Quarernary
origin (£¢ within the last 10 million years), A
striking feature is the abrupt shifting of river
channels.

The Terai plain ranges in elevation from about
06U to 400 metres above sea level. The width varies
berween 10 to 50 km and forms a nearly continu-
ous belr from east to west. Iris divided into three
parts: the Bhabar zone, middle Terai, and south-
ern Terai.

Bhabar zone

This lies immediately south of the Churia range
and is made up of alluvial fan deposits of boulders
and pebbles sloping down towards the south. The
southern margin of the Bhabar zone is marked by
a spring line, which gives rise to many streams,
The water table in the Bhabar zone lies at a con-
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siderable depth, and henee most stream courses
are dry throughout the year except during the
monsoon. The depth of the water &hle also
explains why it is almost always unpopulated.

Middle Terai

The Middle Terai lies at the south of the Bhabar
zone, immediately after the main alluvial fans.
The area is composed of cobbles and sand on
undulating terrain, with isolated pockcts of
waterlogged soils and marshes,

Southern Terai
This area lies further south and stretches along
the Nepal - India border. It is the lowest terrain
of Nepal and in some places, the altitnde is less
than 70 metres above sea level, It is composed
of clays and silts with some sand layers. The water
table is shallow and accessible using a hand pump
throughout the vear, making habitation possible,
In the Terai and Bhabar, bridging is the most
problematic issue tacing highway engineers.
Slope stability problems related ro roads ate con-
fined to embankment protection.

Regional geological structures

The main structures define the limits of the phys-
iographic sub-divisions. There is often local insta-
bility on slopes where roads cross them, and so
they are mentioned here as arcas with porentially
greater engineering problems.

Main Central Thrust (MCT)

The MCT is a conspicuous rectonic boundary
throughout the Himalayas, The thrust dips gen-
tly northward along its east-west direction, and
runs sub-parallel to the Himalavan zonce. Augen
gressses (Le, those with large minerals, usually
feldspars, around which the foliaton is wrapped)
occur continuously throughout the MCT zone:
rhese represent impaortant geological and petro-
logical evidence of rectonic development. The
rocks of the Higher Himalayan zone have slipped
and spread across the MCT towards the south,
producing nappes' and klippens” on the Lesser
Himalayan rocks in the Midland zone,

Main Boundary Thrust (MBT)

The MBT is a longitudinal structure thac sharply
separates the terrigenic sedimentary rocks of the
Sub-Himalaya (Siwaliks) from the low-grade meta-
sedimentary rocks of the Upper Nuwakot Group

4R

The steeper more rugged
Mahabharat Range rises above lhe
gentler slopes of the midlands

of the Lesser Himalaya (middle mountain}. The
MBT dips at 40-70" towards the north. 1t is con-
spicuously marked in aerial photographs and is
well exposed in many places. In places it is cut
by several NE-SW trending transverse fanlts.

Mahabharat Thrust (MT)

'he MT nowhere appears as a clear-cut break like
the MBT, but rather as 4 narrow transitional zone
displaying reverse metamorphism, The underly-
ing low-gtade metamorphic rocks (quartzites and
phyllites) of the Nuwakot Complex rapidly pass
upwards into the overlying high-grade metamor-
phic rocks (garnetiferous schist) of the
Kathmandu Complex'. The zone is characterised
by coarse-grained garnetiferous schists thar ap-
puar as cataclastic gneiss’, due to the intense shear-
ing and mylonitisation®,

Main Frontal Thrust (MFT) or

Himalayan Frontal Thrust (HFT)

The MFT dips north and brings the Siwvaliks above
the Terai plain. The Thrust plane can be traced
out most casily in the Kailali and Koshi areas. This
thrust is scismically very active.

Mahabharat Synclinorium

The Mahabharat synclinorium® consists of a
huge, doubly-plunging syncline and numerous
smaller anticlines’ and synclines® wending
WNW-ESE. Both the flanks are steep (dip >60¢).
Kathmandu valley forms the care of the syncli-
norium, which extends southwards as far as
Herauda, The northern flank (which extends to
Trisuliy is generally steeper, in places almost ver-
tical or even slightly overturned. The synclinal
closure is perfectly developed in the western area
{(where it ends at Kuringhat), but in the cast the

! Nappaisa
French
geological term
that descrives a
sheet of rocks,
which has siid
right over
another series ol
rocks as & result
of exlrame
folding due to &
thrust Ezult

" Aklippen s a
senes af
nappes; and is
alsn a fem
clerived from
Alpine gealoay.

T Ingeneral, low-
grade
melamophic
OGRS WErE
Forrmed unter
oonditions of iow
temperature and
shrong pressure,
aspacially
strass; high-
grade
retamarphic
rocks were
formed under
conditiens of
high temperature
and high
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espesially
hydrostatic.

* Calaclasisis a
process of
dislocation-
metamaephism
where bandg ere
farrmed through
the distortion of
minerals within
the rock,

" Mylonite is a fine-
grained rock
formed through
exiensive
calaclasis.

A synclinodum 15
a hugs trough, in
farn resembling
a syndine, sach
limb of which
consists of 8
nurmiber of small
folds.

" Thia arch or crast
of a fold in rock
sirata.

" A syncline is the
trough or inverted
arch of & fold in
rack sireta.
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Figure 2.4: Slope evolution with the analogy of a pire.of sand

A. A cone of dry sand B. Sand cut away at the base €. New, reduced cone of sand

synclinorium narrows down to the single long-
stretched syneline of Sindhuli Garhi,

This assessment of the geolngical zones and
structures shows how the mounrains come to
be there. The next section looks at the way that
the rocks are being carved by water and gravity
into the complex system of slopes, valleys and
ridges which cut across these features,

Many landslides result from
a complex mix of erosion
and deposition processes.
Successful treatment relies
on a good understanding of
the various processes at
work on the site

UNDERSTANDING THE DYNAMIC LANDSCAPE

22  THE EVOLUTION OF MOUNTAIN
SLOPES B

Few people appreciate the far-reaching etfects that
geomorphic (land-forming) processes have upon
all aspects of land management in Nepal, espe-
cially highway engincering. This section describes
briefly why the mountains are so unstable, and
why roads can so easily trigger slope failures, with
particular reference to the main middle moun-
tains.

Within the major geological sub-divisions of
the Himalayas, numerous geomorphological
processes are at work, While movements of the
continental plates are creating mountains, other
forces ol nature are wearing them down again,
This is a constantly evolving pattern, and it is
important to understand that any form of infra-
structure built on mountain slopes will be sub-
jected o damagring forees,

One of the major effects of the continental col-
lision and the faulting and folding of great masses
of rocks as a result, is that the rocks have been
badly disturbed. They have been distorred, weak-
ened and fragmented. Geological changes take
place over a very long period, so that adjustment
can take many thousands or even millions of
years. When we look at a mountain, we see some-
thing which appears solid and permanent; but in
geological time it is 4 temporary feature in the
process of formation and removal.

The Middle Mountains consist of long slope
components, separated by major breaks of slope.
lenoring irregularites produced by natural slope
variation and rock outcrops, the slope compo-
nents between the main breaks are almost
straight. This fact is more obvious if the slope is
viewed from a distance of a kilometre or more,
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Figure 2.5: Typical major valley cross-section
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"The reason for this is that they are constantly and
rapidly having ro adjust to the effect of under-
cutting at the toe by streams.

A simple analogy to explain this is a pile of dry
sand. In its undisturbed state the sand forms a
cong, butif the toe of the cone is scooped away,
slope failure occurs and travels upwards from the
base towards the apex (see Figure 2.4, page 49).
The failure plane is a straight slope, parallel to the
cone surface. If scoops are temoved from the base
of the cone regularly round the circumference,
the cone will become covered with failures.
Irregularitics will develop on the side slopes
depending upon whether the local slope is origi-
nal surface, moved material, or headsear. But
overall the straight-sided shape will persist.
Eventally, if sufficient scoops are removed, the
sand pile will become lower, though the angle of
the cene will remain constant and the sides will
remain straight,

The mountain slopes have developed in much
the same way. The original straight-sided form

-as established long ago in the geological past by
tvers as they cut down into the rising mountain
chain. Uplift continues even today (through the
mountain-building processes deseribed in seetion
2.1), and downcutting in the valleys is still active
(sce Figure 2.5). The effect of river downcurdng is
to undercut the hillslope and leave the base
unsupported, causing slope failure. The slope
above the headscar now becomes unsupported,
and in time this too will fail, and the landslide
steadily elongates uphill.

The tension in the slope is indicated by cracks
in the ground above the headscar, 1f the slope s

¥

near its eritical angle of stability, 2 minor distar-
bance at the base can cause shallow slope failure
to occur for many tens of metres above. Rock
structure and the presence of springs create
numerous points of local instability on the ridge
flanks. Bedding planes and joint planes that are
oriented roughly parallel 1o the hillside form
inherent slide surfaces that readily shed their
overburden of weathered material. Springs create
very weak zones in the soil layer that slump out
and leave the slope above unsuppotted, These
local processes continue alongside the longet-
term and more widespread process of slope reduc-
tion by landslides working uphill from the valley
floors (Figare 2.6). The middle mountains region
has evolved so rapidly that most slopes can be
considered to be near their eritical angle of sra-
bility. In this meta-stable state, only very minor
disturbance may be required to destabilise them,
Many Chuna slopes are the same, but the less
consolidated materials are even more fragile.
How is it that the mountains of the
Himalayas, which are composed of rock, can be
compared to a pile of sand? The answer lies
in the weatherability of the rocks. The moun-
rains consist for the most part of metamorphic
and poorly consolidated sedimentary rocks. All
are highly folded, which has produced numerous
cracks (joints) throughout the rock mass. The
monsoon rains, cotming at the hottest time of the
year, create a highly active chemical weathering
environment, which vigorously artacks the rock
fabric to a depth of several metres. Water pene-
trates all the joints and micro-fractures in the
rock. The minerals, which in many cases havea

RUADSIDE BIO-ENGINEERING



Evolution of a slope undercut by a r

A. Original shape

B
River shifts.

D. The failure ﬁorlts
progressively up the slope

7

L

B. River shifts course
and undercuts slope

C. The lower part of the
undercut slope fails

4

low resistance to weathering, ate reduced to clay,
silt, mica and quartz weathering products. The
strength of the rock falls drastically and is not
helped by the closely-spaced fracture planes. The
weathered layer is not able to avoid shearing
when patt of the slope is over-steepened.
Landslides on a hillslope tend to advance head-
watds until they tun out at the top of the slope
(Figure 2.6¢).

Mountain slopes rarely achieve a truly straight
profile hecause of variatdons in rock type, struc-
ture and weathering environment. Bur any ‘high

Relatively gentle
outwash fans
remain stable i
long enough for |8
elaborate %
agricultural
terrace systems
to be created
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spots’ will tend to be attacked more vigorously,
and hence will tend to be reduced towards a
straight linc. A straight profile is physically the
most stable configuration. Of course, there are
many places where hard rocks resist the ‘straight-
ening’ process and stand out as ourcrops or major
breaks in slope. The quartzites found in the
Mahabharat Range are examples of a strong and
chemically very stable rock that forms major
ridges. But it is also highly fractured and brictle,
which gives it poor resistance to carthquakes,
After a slide, the weathered laver quickly forms
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again, The exposed head scar and slide plane
commonly consist of partially weathered rock,
These become subjected 10 weathering until a
debris layer builds up, ready 1o fail when the slope
is disturbed once more. The hillslopes gradually
become covered in a mantle of soil and partially-
weathered rock debris up to a few metres deep.
Dormancy may last for a few vears or a2 hundred
years: some slides are continually active for many
vears and never seem to recover. Over thousands
of years so many landslides occur that they begin
to join up, to a point where almost no slope
remaing that has not slipped at some time in the
past.

The final clement in the evolution of moun-
tain slopes is time. 1f river levels remain static for
along period (many thousands of years) the slope
angles will be reduced to gentler grades and the
whaole landscape becomes more stable. The his-
tory of Himalayan geomorphology is one of a
continuous succession of periods of rapid down-
curting, alternating with static periods when a
certain amaount of adjustment towards a more sta-
ble state was achieved (Ze. slope angles had been
teduced). In the present landscape of the Middle
Mountains, five principal slope elements can be

wn

(After Fookes et al,
1285 and Transpor

y 4ol . Research Laboratary
dentified, from the ridge crests at about 2000 1997)
metres to the major river beds atabour 500 merres
(Figures 2.7 and 2.8). Recognising them in the

field gives the observer an immediate impression

of whether geotechnical probiems are likely to be
awesome or merely moderate,

23 SLOPES AND ROAD ENGINEERING

The role of vegetation and small-scale engineer-
ing works could be questioned in the face of the
regional mass movements that are the cssential
feature of Himalayan geomorphology. 1t is truc
that for deep failures and major landslides, such
methods are inadequate for slope control. But
much of the instability is shallow-scated, and
much begins in a small way and spreads only if
unchecked. These sites can be stabilised with low-
costmethods, and if a road is located on a fairly
stable alignment it should be possible to maintain
the stability with minimal investment.

The five rerrain units in Figures 2.7 and 2.8
have very different stability limits, and cach has
its own range of typical failure mechanisms,
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TERRAIN UNIT

el el T

SLOPE
{APPROX.)

TYPE OF

MASS-MOVEMENT

Figure 2.8: A generalised slope model for the middle mountains, with instability types

MECHANISMS AND AGENCIES

CONTROLLING FAILLRE

LOW-COST REMEDIAL TREATMENTS

ENGINEERING FEATURES AND

1 Ridge top 15°45° Erosion Gully grosion in deep, cohesionless eoils Linstable around usually easy to avoid. Arrest
(&) Hummocky Emsiohoh cvargrazed slopes: piping. erosion in shallow gullies with smaliaichmenis
crest with check dams or by backfilling with rubhie.
Slabilise eroding slopes with bie-eaginesring
methods, Protect slopas below culvert outfalls

(b} Rack ridge 45%.80° Plane failure Gravitational displacement of steep rock Avaid unnecessary disturbance by hand

in rock: with near-vertical or stesply inclined excavalion. Blasting is not recommaended, as il
planes of discontinuity, weakened by will cause rock joints to open further. Ciear
weathering. ' loose biocks from face,

2 Uppersiope 15%-25° Gully erasion, Stream erosicn in deep, cohesioniess Unstabie ground usually easy o avoid, Arrest

[not always rotational slips, solls, often deforested but grassy. Small turther erpsion with horizonial vegetative
present) piping rotational sll.ps occur on the steep gully: methods, Provids culvers with energy
sides forming acoumulabons of debrs dissipaters (o prolect outfalls. Rubble may be
that move downhill as aarthfiows inthe kaid to load toes of small ratallonal shdes on
qully bed. Piping ocours at the interface gully flanks. Larger slides may prove
between granular soils and impoassibie lo siabilse cheaply and shotld be
|ess-parmesble lower layers, avaidad.

3 Mid siope 20%-30° Guilly erosian Generally stable bul uncontrolled Bare slopes can be slabilised with

{a) Slope irmigation waters can creste problems. bin-engineering methods, Cross drainage

Large seale gully erosion, once startad. shaould incorporats irngalion requirements
is difficull to arestwith consequent loss for local farmers.
ofagricultural land.

(b) Malley 20°-30° Gully erosion Streams can setup gully erosicn that Cross al most stable situation, ulifis g solid
advancing into advances headwardsinto slope. Straam rock cutcrops to key foundations. Cuiverts need
large ‘valley banks are subject to retational slips. 1o be correctly designed, equipped wilh debris
catchment slips racks toavoid blockage, and energy dissipeters
(with subordinate to protect culvert outfalis, carrled a long way
surface creep, down slope. ;
ratational slips and
earth flows)

4  lLowerslope 307457 Activa debris Oversiespening of slope caused by rapid Avoid active and dormant landslides if possible.

{2} Stopes on debris slides and arosion digsection of river vallgys in recent Sesk stable slopes and excavate minimally,

and completely {may advance gedlogical past. Combination of staep taking utmost precautions to dispose of spail,
weatharad rock uphill i slopes, large water catchments and dormant - Provide adetuste oross drainage measures
mid-slope) landslips creatas many unstable siluations.  asabove.

() Hard rock 45%75" Rack falls Gravitational dispiacement along steaply Avoid ovarblasting of solid rocks:

Retational slips. inchinad rock planes . Weak metamorphic Avoid wel, weak metamorphic rocks, |
rocks can become saturated.and fail -
ratationally.
5  River Valley Top 0°-15° Erosion and piping Uneonsolidated. |ayarad terrace deposits Avoid areas of sub-surgce seepage and piping.
() Terrace Sidez257-60°  Rotationalslips of different ages are susceptible o srosion :
Collapse failure and river seour at base. Some piping ooeurs.
(b} Flood plain ot Seour Heavy stream flows in monsoon shifts Avoid excapt for bridge crossings.
" and river bed gravel bars and wears away fver banks.
A
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although all mechanisms do oceur on all units

except 5(b).

® Unit 1, the ridge top, may have steep and
unstable sides, and would normally be
avoided altogether except when crossing
ovet 1o the opposite hill flank.

® Unit 2, the upper slope, is the most stable
as it consists of short, moderately-angled
slopes. But it is not always presentin the
landscape, and if present, is vulnerable to
encroachment from below by failures on
Unit 3 or Unit 4 slopes.

® Unit 3 slopes are reasonably stable butare
often wet and often affected by instability
from cross-cutting valleys (3b) or from Unic 4
slopes below. Soils are usually several metres
thiclk. Unit 3 slopes usually present large,
more or less continuous areas for exploitation
by road alignments to traverse or climb.

® Unit 4 slopes consist mostly of old landslide
scars and are usually highly unsrable. They
atre mantled in landslide debris and have
many rock outcrops: they are not farmed but
are covered in forest or degraded forest. Road
alignments should be kept to a minimum on
these slopes, although individual hill spurs
have of necessity to be used for stacked loops
to pass from Unit 3 to the valley floors, Good
alignment of the road is of paramount
importance, avoiding the worst areas atall
costs. When the alignment is sertled, design
and construction of the cut section, drainagc
works and slope prorection must be carried
out with the utmost care,

® Unit 5 slopes, the terraces and valley floors,
present few serious hazards to engineering
apart from flooding and scour from the river.
But terraces rarely afford exploitable routes
because they are invariably discontinuous
along the valley, cut off by the main stream
as it swings across the valley from side to side.

LA
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2.4 ENGINEERING GEOLOGY

The next stage in understanding the characteris-
tics of mountain slopes is to examine the rocks
themselves, The strength and other characreris-
tics of rocks also determine in part the nature of
slope failures, and the ways in which we need o
treat them,

The main types of rocks

Rocks are divided into three principal classes, as
follows.

Igneous rocks
Rocks that have solidified from molten or partly
molten material originating from a magma',

Sedimentary rocks

Racks resulting from the consolidation of loose
sediments, or from chemieal precipitation from
solution at or near the earth’s surface.

ure 2.9: The main rock types of the

Lesser Himalaya (Middie
Mountains).

IGNEOUS  SEDIMENTARY METAMORPHIC
ROCK ROCKS ROCKS
Granite Mudstone Slate
Shale Phyliita
Siltstone Schist
Conglomerate Gnaiss
Sandstone Quartzite.
Limesione Marble
Dolormite
14 ; =/

The road at
Anboo-Khaireni
crosses the base
of a semi-stable
colluvial slope

! Magma |5 the
molten material
that exists below
the salid rock af
the Earth's crust,
and somalimas
reveals itself on
its armission from
& volcanag, It
does not always
reach tha
surlace;
however, and
may cool and
solidify
unerground
amorng older
rocks
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Igneous rock  Hard, coarse, grainy texture, mixture of essential mineraisof quartz, feldspar and mica (muscovite and hlofile); ‘o cementmg
‘Granile material
Sedimentary rocks
“Mudstone Clay minerals, massive {no rammatmn] smells like mud and is soﬁenough 46 be scratched by a fi ngernaﬂ
Shale Like mudstone; butis formed from laminated layers
| Sitstone Silt size minerals, sharp edges, shining with mica flakes
“Sandstone Sand size graing held together by a cemanting material, scra a hammer ar kn:fe (8. itis harder than siael)
Conglomerate Distinct rounded to subrounded fragments of grain to pebble size, hald together by a cementing material
Limastane - Mastly grey, fine to crystaliine variety, can be scratched by a hammer or {knife), effervesces sirongly an ﬂ\e addﬂlen of dilute.
b hydrochionic acid (HCH); used for road ballast and coficeete; the raw material of cement
- Dolomite Similar to limestone, but the addition of dilute HCI gives effervescence unlywnen iisin powder form (te.a fesble
i effervescence); used for road ballast and D:mcrete o
Metamorphic rocks
Slate Dark grey, thin foliation (splits easily); used for raofing and Iormerlv for writing
~Phyllite Eolistad (inss parfactly cleaved than slata), light grey, diear joint set, small secondary q uar&gfalns dark mingrals
Schist Foliated, with an undulating or bulging surface (flow cleavage) due to mineralisation, coarser grain size than phylhte
Gneiss Altemale bands o‘fhgm (quartz, feld spar) and dark minarals Gifa.!r‘ly coarse gram, h;ghl)-I foliated; used: asthe grindlngsmne in
s waler mills :
Quiartzite Banded, hard (scratches a hammer or knifiel f. 25 his narder than sneel} mostly consisting or rmnera: quar; camantung
maternat when struck by a hamrnar, it gives a matallic sound; used for slabs
| Marble Crystaliine (sugary texture), effervasces highly on the addition of HEE (i ﬂs afacing stone

Metamorphic rocks

Any rocks derived from pre-existing rocks by min-
eralogical, chemical or structural change, espe-
cially in the solid state, in response to marked
changes in temperature, pressure and the chem-
ical environment at du:plh in the Farth’s crust
that is, below the zone of weathering and cemen-
tation.

Most of the mounmin roads of Nepal pass
through the rocks of the Sub-Himalava (Siwalik
or Churia) and Lesser Himalava (Mahabharat
Range and Midlands).

The main rocks of the Sub-Himalaya are all
sedimentary, and consist of mudstones, sand-
stones and conglomerates,

The main rocks of the Lesser Himalava can be
sub-divided among the three classes, as shown in
Figure 2.9, The diagnostic features of each are
given in Figure 2.10,

Principal mineral groups in rocks and their
weathering
Minerals are naturally occurring crystalline
chemical compounds. Rocks are aggregations of
minerals.

The mineral constituents of a rock may have
very different chemical compositions and
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properties. Por example, o fresh gneiss sample
may conrain the following mineral groups:

® Jark mincrals;

@ light minerals (milky});

@® dark mica;

® white or light mica (platy, ranslucent);

® quartz (sugary, translucent bur can be milky).

Rocks ave atfected by weathering, Weathering is
defined as the physical and chemical alreration of
mifarerals fito other minerals by the action of hieat,
water, and air’and takes place consrantly
in nature, Higher temperatures and water contents
increase the rate of weathering: when these occur
at the same fime, as they do during the summer
monsoon rains, the rate of weathering can be rel-
atively rapid.

A weathered rock sample will show some or all
of the following features:
® sofrness (Fe minerals can be rubbed off by
handy;
discoloration;
loosening of grains;
intact white mica;
intact quartz.

The relative order of susceptibility to chemical
weathering in the common mineral groups
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Figure 2.11: Rock weathenng grades

WEATHERING GRADE DESCRF?TIOH ; = S i
1a Fresh rack, Ma visible sign of weathering. Rings when struck with a hammer.
1o Faintly weathered. Discoloration on lhajorjuint surfaces. Rings wheh struck witha haummer.
2 Slightly weathered. Discoloration of all discontinuity surfaces or throughout rock. Rings when struck with a hammer.
3 Moderately weathered. Up to 50 parcent of rock material decom pqsed andlor disintegrated to soil, Rock canbea

conlinuous rmass, or coresmnes Rings when struck with a hammer.

4 Highly wr:alhered Morethan 50 percent of rock material de:.urrwceed ardtsmisgrated losail: Rock mass is
discontinuous. i
5 Comulelely weathered. All rock material decoripesed and/for mc;m!eg:ated to-sail. Original mass Stl'udi]re still

largety intact. Gives a dull thud when struck with & hammer,

Geofogy 10 (4% 355-388,

8 Residual soil. All rack rnat'an'al converied o soil. Mass stricture and material fabric destroyied.

‘Source: Geological Society Engineering Group Working Party, 1977, The deseription of rack inasses for

ing geclogy. Engi s i
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is as follows:

® dark minerals Least resistant to
weathering (i.e.
these

weather the most)
light minerals
dark mica
white mica

Most resistant to
quartz

| weathering (i.e.
these
« weather the least)

This means that a careful investigation of the

minerals of a rock, and the degree of weather ng

to which they have been subjected, can reveal

considerable informaton abour the inherent

strength of the rock, In a site iﬂvcs;tigatiou, this

is valuable information in predicting possible

slope instability. A hand lens is used to investipare

the condition of the minerals.

In a soil, weatheting has proceeded much further

and the following features may be observed:

@  partcles are much smaller;

®  clay minerals (fines) are present: these are
new minerals derived from the weathering
produets of rock:

® quartz and white mica remain, as they are
the most resistant to wuu.htrmg),

The most intensively weathered soils are rato

maro, the red clay loams found in many parts of

the Middle Mountai ains, usually at lower alditudes.

These are very oid, pmbably greater than 100,000
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vears, and indicate a landform which is, or must
have been, relatively stable if it has permitted such
prolonged weathering,

The overall effect of weathering is to soften
and weaken rocks. Many rocks have been weath-
ered so much that in engineering terms they are
described as residual soils’. The most common of
these are the soft rocks (phyllites and gneisses),
which are found throughout the middle hills.
Since these characteristics are universal, a stan-
dard classification system for rock weatheting can
be used, as given in Figure 2.11. Because of the
geological disturbances of Himalayan mountain
building, it is relatively rare to find rocks of
weathering grade 1 in Nepal,

The degree of weathering of the rock often
controls the strength of the rock. A highly weath-
ered rock may fail through the rock body rather
than along the joints or fractures (see next sec-
tion}. However, rock strength is due to both:

®  the degree of weathering of the body of the

rock;
®  the spacing and weakness of fractures.

Rock fractures

Fractures are an important feature of many rocks.
Most fractures are approximarely parallel to each
other and constitute what is called a ‘ser’. They
may be closely or widely spaced. Most rocks con-
tain several fracrure sets, The presence of fractures
is the main cause of failure of rock slopes.

ROADSIDE BIO-ENGINEERING



! Joints are cracks
in rock masses,
formed along a
plane of
weakness (the
joint plane) and
where there has
been fitlle orno
movement,
uniike a faull.

Disturbed rocks
are very
common and
fractures are
frequently
visible, as on
this gueiss in
Eastern Nepal

Note that rocks may split:

® along widely-spaced planes, following the
gram of the rock;

® along many clc)\ci) spaced planes,
following the ¢ grain of the rock;

® across the grain of the rock at a regular
spacing and oricntation: these fractares ate
called joints',

The grain of the rock is caused by layers of min-
erals, in different proportions or of different tex-
tures.

Friction along the interfaces between the
blocks governs the shear strength of the rock.
Shear strength is reduced when contact along
the interfaces is lost.

Rock strength is related to the number and
weakness of fractures. Open-jointed rocks are
very weak because:
® water movement and weathering take place

preferentially along the joint planes;
® thereis a loss of frictional resistance along
the interfaces.

Strong rocks have fewer fractures, or have closed
and cemented fractures.

In sedimentary rocks, there is usually one set
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2.12. The relationshi tween dip and strike

of joints parallel to the dip and another paralle]
to the strike. The dip is the line of maximum
slope lying in a rock plane. The angle of dip is
measured with a clinpmeter and the bearing of
dip is measured with a compass. The bearing can
be any figure from D00° to 3607, It is always writ-
ten as a 3-figure number, e, 048, to distinguish
it from the inclination, which cannot exceed 90°
A reading for the angle of dip which appears to be
greater than 90° means that the slope is in fact
dipping in the opposite direction. Convention-
ally the bearing of dip 1s written first, followed by
the angle, e.g. 115/ 35.

The strike is the horizontal line contained in
the plane of bedding, foliation, or jointing, [t is
perpendicular to the dip, just as a contour is to
the maximum slope of the ground. The bearing
of strike is measured with a compass. The figure
is always given as 4 reading less than 180° Tn
practce strike is measured first because a hori-
zontal ine needs to be established in order to find
the maximum inclination of the dipping plane.
A dip of 115/35 would have a strike 0f 025°, This
is shown diagrammatically in Figure 2,12,

Measurements of the dip and strike of rock
joints and other fracrures are a necessary part of
detailed field site assessments in steeply sloping
terrain. When combined with measurements of
slope, they can provide useful information on the
stability of the slope. Figure 2,13 shows examples
of rhe relationship berween the slope and dis-
contnuities, Certain types of failure, such as
translational are sometimes
diteetly and clearly related to the slope and a
major discontnuity such as a weak bedding pl'mc
being sub-parallel. Where there are several sig-
nificant planes of discontnuity, such as two inter-

landslides,

secting joint planes, wedge failures can occur; but
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Bedding
planes

«&— Directions bf-:dip of discontinuity planes

Discantinuity
flane

these are not so clearly visible in the field.

A useful way of plotting potential slope insta-
bilities on the basis of field investigation is
through the use of stereographic projection. This
determines the angular relationship between
planes in a slope, and clearly shows either why a
slope has failed, or whether it is likely to fail in
the furure, This method is described in the
1CIMOD Mouwntain Risk Enginecaing Handbook! .
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2.5 SO0ILS AND MATERIALS

In some locations, the racks forming the original
slope have been altered, disturbed and mixed so
much that they have lost most of their original
characteristics. The result is a material, which in
engineering terms can caver anything not
defined as a pure rock. Some materials have been
altered sufficiently to be classed as a soil®,
Whatever their state, all soils and altered materi-
als have their own characteristics when subjected
to geomorphological processes. For this reason,
they must be examined separately in any consid-
eration of slope stability,

Considering the topographic variations, there
are relarively few distinet soil types in the Sub-
Himalaya (Siwaliks) and Lesser Himalaya (Middle
Mounrain). This is because slope movement usu-
ally prevents the continuing development of soil
profiles in any one place. Rocks break down
under sub-tropical weathering into their con-
stituent minerals and immediately begin to move
downhill. The constant movement prevents a
mature soil profile from developing: instead, the
mineral particles become thoroughly mixed and
produce a soil that typically consists of fragments

! Deojz, B, Dhital,
M, Thapa, B
and Wagner, A
19891 Mountain
Risk
Engingering
Hanglook: Part
I, Sutyjzel
Background,
Intemational
Centre Tor
Integratad
Mewunitain
Development,
Kathrmandu

* Soil may ba
defined as ‘the
oollection of
natural
materials
Qoo pYing
paris of the
Earth's surface
that may
support plant
growth, and
which reflact
pedogenatic
processes
acting aver
time under the
associated
influences of
climate, refiaf,
living
organisms,
parent raterral
and the action
of men'.
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Figure 2.14: The main soil-forming factors

SOIL-FORMING FACTOR

SOIL DEVELD ENT

Parent material Parent material is the slamng ingredient from which a soil develops. It is made up of
minerals from degradlng or deposited rock debris, and organic material derived

mastly from plants. A study of the underlying strata does not always determine the
main mineral compasition aof a soil, especlally in the case of soils on active alluvial
plains. Soil chemistry tends o be dominated hy the mineralogy of the rocks forming
the main part of the parent m erial. For this reason the plant-growing character of
many soils is ofien governad by tha ariginal mrnposmon especlal!y the degree of
acidity or alkalinity.

Climate governs the type and rate of soil formation, and the type of vegetation that
can grow in the area. In generai warm and humid soils develop faster than dry or
cold ones. This is seen in Nepal by the darker soils at higher allitides, where cooler
temperatures slow down the decomposilion rate of ‘organic matter and improve the
soil in a number of ways. At the warmer, lower altitudes, lhe release of plant
nutrients from: both mineral and erganic constituents can be very rapid during the
‘mansoen. The climate alse determines the micro-climate in the soll voids, greatly
affectmg the extent of microbislogical activity. The result of these differences in
Mepal is that at higher altitudes soils can be more fertile, better to work and more
resistant to erosion. Despile this, the warmer climate at lower allitudes allows faster
big-chemical prccasses so that plants still grow faster daspite lower soil fertility.

Climate

Organisms The organisms aH’ectfng soils can bn= classed as: hrghar plants; verlebrates,
particularly mammals; micro-organisms (hacteria, fungi, algae, etc); mesofauna

L. (worms, Insects, efc.); and man. In general, the plants cycle matter from the soil
and harness giher matter from the atmosphere, while the animals alter it within the
sall, This usuaﬂy forms a very complex ‘Symbiotic relationship, whereby both planis it
and animals can live tcgather in a mutually beneficial way. In newly developing i
salls, such as those coifimon in Nepal, lhe system is very dynarmc and has often
not re;ac:h&d an equihhrlum. :

Topography Topograph],r is @ significant determ ant of geomorphalogy This has been examined
: in considerable detail in relation 1o Nepal in the sections above. It includes important
iGensiderations such as the length of time In which soil development can take place

whathar

 given loca naterial is being removed of deposﬂed' and SO On.

Soll formation is a stow procass especially in cocler locations. Some soils, such as
rato mato, have taken many thousands of years to develop. Tims also accounts for
Chﬂﬂﬂe& in the soil, 2

S

of rock in a silty matrix of low plasticity. The  coarse, hard, irregular picces of the original

resulting mixed soil without horizons (layers) is
called colluvium, Plasticity is low because
although weathering may have been rapid
enough to break the rock down, it has not con-
tinued for long enough to reduce the weathering
products to plastic clay minetals. Because the frag-
ments are angular and the matrix lacks clay, col-
luvium is very permeable. This makes it very
susceptible to infiltration and liquefaction during
heavy rain, and therefore any attempt to stabilise
a slope composed of this material must consider
its likely behaviour carefully.

In the process of downhill movement, the
fragments from the parent rocks also become
mixed together. The fragments found in a soil
thus may come from one parent rock, or from
rocks of quite different type, depending on the
outcrops on the slope above. Rocks rich in quartz
tend to produce sandy soils. Metamotphosed
sandstones produce a sandy, silty soil containing
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rock. Platy, splitting rocks such as phyllites
weather to a finer material, but the derived soil
usually also contains fragments down to a few
millimetres in size of unweathered or partially
weathered phyllite. Most rocks contain some
light mica, which remains unweathered in the
soll profile, though it breaks up into tiny particles.

The action of movement downhill causes
stones to rub against each other, rc unding off the
corners, but the fragments in colluvium retain a
noticeably angular shape. Debris flows (wet, flow-
ing landslides) hasten the process of rounding
and produce soil particles of wide size ranges,
varying from boulders down to fines, all mixed
together,

When colluvium reaches the valley bottom it
is moved along by the river. The material becomes
separated, the fines moving in mﬁpcnsinn and
the larger fragments rolling and bouncing alnnh
the river bed. If this material is deposited, it is
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called alluvium. The movement by water is much

mote dynamic than steady movement down hill,

causing:

@ scparation of the particles ﬂccurdin;, to size;

® Dbreaking of the weaker rock rmgmt:mb suchas
phyllite and highly weathered gneiss;

® rounding of the harder fragments (boulders,
cobbles and gravels) to a spherical shape.

The most noticeable and easily recognisable

characteristics of alluvium in mountain valleys

are that:

® the fragments are clear
spherical;

® it has a sandy texture and lacks fines;

® it usually shows signs of horizontal layering,
due to steady deposition as the river flow rate
declines aftera surge.

Iy rounded, many almost

Alluvium often contains fragments of weak rock
and weathered rock. As mentioned above, these
are qu1ck1\ broken up (]urm;_, transport. Their
presence in an alluvial deposit therefore indicates
that the material has only recently been intro-
duced into the river bed and has not travelled
very far or been travelling for very long. Alluvium
that is rich in such fragments cannort be used in
engineering construction. When an alluvial
deposit is selected as a source of material for
crushing as aggregate, the hard cobbles often
have to be picked by hand out of the river bed.

The rounded nature of the coarse fraction of
river deposits generally makes them suitable for
aggregate only after crushing, to increase their
angularity and mechanical interlock, The pres-
ence of mica in the sand fraction can Wezﬂcen con-
crete. Sand selecred for high serength conerere, for
example in bridge works, often needs to be
washed to remove the mica,

Slopes cut through unconsolidated alluvial
depuosits can be highly unstable and very difficult
to rreat, This accounts for many intransigent sta-
bility problems in coarse Churia deposits,

Soil formation and soil types

An understanding of the development of soils is
essential when examining the landscape and the
kind of plants that will grow in 1t. Soil 1s the mix-
ture of organic and mineral elements that forms
at the surface of the Earth, It is essentially a living
entity, since it conrains many living organisms,
especially microscopic ones, and it changes over
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time as a result of the influences working on it
One definition of soil is: ‘soif Is the space — time
contmuum formine the upperpartof the Farth crust.
This apparent lack of specificity emphasises the
tact that soll is infinitely variable and changeable,
A more thorough definition is ‘the collection of
natural matenals occupying parts of the Earth’s
surface that may support plant growth, and
which reflect pedogenetic processes acting over
wme under the associated influences of climate,
relief, living organisms, parent material and the
action of man’,

Soils are formed from the interactions of five
series of factors: parent material, climate, organ-
isms, topography and time. These are explained
further in Figure 2.14.

The soils of Nepal tend to be dominated by the
effects of the extreme topography of the moun-
rains, including their downstream effects on the
piedmont alluvial plains. Some soils have been
further developed by terracing, whether for dry
farming (bari) or paddy farming (khet).

Mountain soils are affected most by the slope
processes. On steeper slopes they are generally
colluvial in origin, whereas on gentler slopes they
may have developed from in st materials. The
five main types of hillslope soils are described
briefly in igure 2.15. These are only the main soil
types, however. There are innumerable variations
among these, partlcularl}' as a result of the varia-
tions of climate and their effects on the moisture
of the soils and the weathering and decomposi-
ton rates.

In valley bortoms, as well as in the Bhabar
zone and the Terai, the soils are dominated by
active alluvial deposition, The frequency of depo-
sifion has often been so great thar the soil is com-
posed of distinct IayLrh ranging from a few
millimetres to perhaps 0.5 metre in thickness.
These can have very different properties, depend-
ing on the source of the main parent materials.
[tis common to find layers of fine silt above ar
below harizons of coarse sands and, in the moun-
tains, even of large cobbles. Buried surface hori-
zons are also common. These are distinguishable
by a darker colour and the jpresence of decaying
fibrous roots, ‘1 hey result from the burying ot a
layer which formed the surface for lo mng enough
for plants ro grow and improve the sml slightly.

Because of the numerous layers in alluvial
soils, the hydrology can be very complex at the
micro-level, In the Bhabar zone in particular,
there can be such localised vanation thar sotl pro-
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SOIL GLASS

Forest soils
Coliuvial soils

Well-developed
hill soils

Ratt mato
(literally ‘red soil)

Agricultural soils
! Bari lerrace soiis

Khiet (paddy} terrace soils

N

Figure 2.15: The main mountain hillslope soils (Mahabharat and Middie Mountain)

'I?Egcgm‘{loy

Highly active sails on stespar slopes: Formed from parent materials derived from Righer up the
slope. Characterised by mixed particles of angular shape, uncompasted and highly porous,
Usually have a relatively high propiortion of stones. There ara fwo main phases.

(a] Transporlalional. These are farmed on steep side slopes. They are generally thinand the
materialis in the process of meving down the siape, Some are completely skeletalin
nalure, sieh as recant langside debris, :

(b} Depositional, These ars formed incones at or near the biase of stesper slopes. They are
much deeper. often five metres oF more, but are soetony Ihat they are often extromely dy
and nfertile despile the ocation twhich would nermally be considered moist and fertiie).
The accumulation of dabris is often tog rapid for a well developed topsail ta form. The
stone fragments forming the bulk of the sail tend to be hard if they have besn transporiad
this far, and therefore are relatively resistant to waathering. 2

Stable soils on gentler slopes, Mostly free of stones and providing goad rooting conditions to:

plants. There are thréa main phases.. .

(a} Deepsoifs derived from the weathering of softer rocks in sifu. Freguent onwesthersd
anelsses and other soft rocks, The soil merges gradually with the underlying strata. The

relalive hardnesses vary laterafly as well as with degth, and it is often dificult to distinguish

between-squ and weathered parent material. Often highly erodible. Usually a low stone content,

{b) Sols derived from the weatharing of harder parentmaterials in site. Common on ridge tops
~and gantle spurs on quartzites and other hard rock types. They are shaliower {often less
then & metis in depth) and have more stanes inthe profile. Between the stanes, howaver,
the soil has & finer texture and is much betler developed than eolluvial soils. The transition
o rock is clearly defined, R :
Sails formed on ancient river ferraces or old ergsion levals, Deegand refatively well
develoned, it the main soll parent material has come fram up valleyor up slope. A low
stong coritent unless they hive deveioped on a deposit of storiy allivium, inwhich case
they can conlaing high propartion of roiinded cobbies.

fe

“Araddish clay loam soil often ref'ér;iéd to.as & laterite (but not displayiﬁg the features of atrus

laterite, which has much higher contents of ire or aluminium oxides). Usually desp and stone

free. Heavy and difficultio cultivate. Highly erodible. Clay-caps tend to form if the soils are
‘exposedto the sunthrough the remaval of vegemtion: Ooeur al low altitudes. Paorly developed
iopsoils, Despile the rapid arasion naw com mor on many rato mato, hese soils have besn
subjected lo prolonged weatherng and demensirale the presence of a stable lardfonm

Soils thatare frequently cultivaled and which have besn termaced. As 2 result of the tarracing,

the ronting depth is extremely vanabie. The {opsell is plaughed atleast once per vear and sojit is
nermally looss and friable. \Well aerated: Usually a ralafively low crganic matter content.
altheugh compost and siraiw is presant in some. :

Soils that have been terracad and are cultivated for atleast one crop of fice peryear, The
prolonged iced ifrigation mezns that they are poorly serated and show signs of iron reduction
(pale grey mottling). Textures vary, usuall yatcarding to ihe characleristics of the parant
material (i e they tend not all to be fine-textiired as in the Terai). Some are cultivated n the
winter fora dryland erop, and thesa tand o be betler aeisied and friable for part of the year
Generally higher arganic matler éantents than bari soils, asa result of grealer compost and mull
appfications; ‘

J

files only 20 metres apart are completely differ-
ent. Layers of fine silt and clay can reduce warer
percolation through the soil, resulting in 2
localised perched water rable, This can have a
drastic effect on sensitive plants, particularly
trees: a plantation can appear patchy as a result of
this localisation, with some plants suffering
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watetlogeing only metres from others that arc
healthy or even suffering drought stress.

Alluvial soils tend to be more fertile than hill
soils. There is also a variation here, often related
to the textural class, wirh the coarser soils being
noticeably less fertile.
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2.6 CLIMATE AND MOISTURE

In assessing sites for bin-engincering, the effect of
climate on plant growth is fundamental. It is also
avery localised phenomenon. An appreciation of
climate can, in addidon, provide further under-
standing of the potential frequency of slope fail-
ures and major erosion events.

The monsoon climate

The climate of Nepal is tropical monsoonal,
except fot parts of the north of the country thar
are in the rain shadow of the Himalavas, which
have a cold semi-desert climate and which are not
discussed here.

However, the national climate is modified
everywhere by high relief. The local climate expe-
rienced by each mounrainside is governed by four
factors:

. monsoon rainfall;

. seasonal variations of temperature;

temperature variations due to altitude; and

. lacal topographic influences (slope and
aspect), which affect both temperature and
rainfall.

AL po

Rain can oceur 4s 2 tesult of several causes.
Convection rain is usually the result of intense
heating of the land; in Nepal, this gives rise to
most of the pre-monsoon thunderstorms. Oro-
graphic rain results from a humid air mass ris-
ing over a mountain range. Cyclonic rain occurs
where warm air is caused to rise through the con-
vergenee of air masses in a low-pressure area: this
can ocecur outside the monsoon when the relics
of tropical cyclones penctrate from the Bay of
Bengal. Variations in monsoonal rainfall are often
related to cyclonic depressions within the mon-
soon air. Frontal rain is less common in Nepal,
since it usually occurs where a front of warm,
moist air tises over drier, colder air; most of the
movements of air masses are seasonal in Nepal,
unlike the situation in more dynamic elimates.
The tropical monsoon' climate is dominated
by the summer south-west monsoon rains, which
affect the whole of South Asia. Tt seems to be con-
trolled by a seasonal shift of the westerly jet
stteam in the uppet atmosphere: this moves to
the north of the Tibetan plateau, usually in late
May, in response to the increased heating during
the northern hemisphere summer. The equator-
ial low pressure trough moves northwards at the
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same time, increasing in intensity by thermally-
induced low pressure, which results from the
hearing of the land surface. This gives rise to an
arca of low pressure over notrthern India and
Nepal, and allows maist, low level air to move
from the south-west, off the Indian Ocean, under
higher level easterly winds.

By the time it reaches Nepal, the rain-bearing
wind has been deflected so that it approaches
from the south-east, blowing in from the Bay of
Bengal. It brings abundant rain from June until
September. The dutation of the monsoon and
amount of rain varies across Nepal, the western
one-third of the country being drier than the east,
Monsoonal deptessions move from ST 1o NW, on
average at the rate of two per month, bringing
heavier bursts of rain. The monsoon is longest
and wettest in the far east of the country.

As the summer draws to a close and the area
becomes cooler, the westerly jet stream re-cstab-
lishes its southerly path, usually in October,
restoring cooler conditions in the space of a few
days. During the winter, the simation is domi-
nated by high-level westerly winds. Alir subsiding
below these blows outwards from the continen-
tal interiar of Asia. In Nepal, these appear as dry,
cool, northerly winds, very light in the lee of the
Himalayas. The dry months of the winter are
often relieved in the west by showers that can
provide up to one-fifth of the annual total: these
originate in depressions from the west.

Rains outside the monsoon are much less
likely to trigger slope instability, although there
have been important exceptions to this rule, such
as the disastrous debris flow at Bagarchhap in
Manang District in November 1995 More impor-
tant is the potential contribution of rainfall to
plant growth. In cooler areas, there is sometimes
enough winter rainfall to allow forestry planting
during the dormant season, although this is rare
on harsh bio-engineering sites. Pre-monsoon
storms often allow established plants to start
growing well before the monsoon sets in.

Heavy rainfall in November and December is
rare. The monsoon itself is often preceded by
thunderstorms during April and May which,
although lasting for no more than a few hours,
can be very heavy. The climate therefore shows
a very marked dry season lasting from mid-
October until May, during which plants in many
locations experience severe drought. The total
amount of rain, and the incidence of large thun-
derstorms, vary considerably from year to year.

! The name
mansoan is
denved from the
HArabic word
malsm,
meaning
saason, which
expiaing iis
apglication 1o a
climate with
large-scale
seasonal
reversals of he
wirsel Feginne
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' Thereisa
chapter on this
subject in TRL
Qverseas
Road Nate 16,
Principies of
low cost road
engineenng in
mountainous
terrain (chapter
8, Hydrology
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design, pages
82 to 0B),

Figure 2.16: Comparison of terrain altitude and rainfall on the jogbani-Basantapur road
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Although there are reasonably good rainfall
records for Nepal, data for rainfall intensity are
scarce,

Although it can rain continuously for days at
a time, the monsoon is generally characterised by
periods of rain lastng fora few hours, braken by
dry spells of similar length, If the sky clears
herween showers, the heat of the sun can rapidly
evaporate sutface water. Half an hour of sunlight
is often enough to dry a road surface and to bake
a soft crust on exposed soil surfaces. Monsoon
rain is often very intense,

The intensity of rainfall is very variable and
pootly recorded. Short bursts of heavy rain appear
to be common: rates of 100 mm /hr for five or 10
minutes seem to occur in many places cach year.
Longer bursts of heavy rain, such as 100 mm/ hr
for one hour are much less frequent, Rain of this
Intensity 15 very erosive, however, cspecially if the
soil profile had already become well wetted. The
burst of rainfall saturates the upper part of the soil
profile, which lquetics and flows downhill in a
destructive slurry.

Prolonged heavy rain storms, of the order of

200 to 300 mm/day for two days or more appear
to occur almost every vear somewhere in the

southern Himalayas. [tis these longer periods of

rain thar take the soil past saturation point and
give rise to the biggest and most \ud(.*-pn,ad slope
stahility problems. Guidelines for the estimation
of these storms are available.

On unprorected slopes, erosion can take place
under almost any rain storm. The early rains are
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often the most damaging, however, especially
when heavy storms occur early in the season,
before plants have been able to establish. On
freshly made slopes, poor compaction (usually
due to a lack of water during construction) can
give rise to loose, weak and highly erodible mate-
tials. This is why bio-engineering can play such
an important part in protecting slopes.

Local effects on climate

High relief and localised rainshadows greatly
affect the distribution of rainfall, which varies
considerably over short distances. An idea of the
complexity is shown in Figure 2,16, which com-
pates terrain alttude with monsoon (five-maonth)
rainfall totals ar 16 raingauge srations on the
Joghani-Basantapur road corridor in eastern
Nepal

Local climate is extremely difficult to predict
because of the interaction of the dominating fac-
tors, and the extent to which their effects really
are very localised indeed. The general pattern is
that mountain ridges cause the rain bearing
winds to rise and cool, allowing the moisture to
condense and precipitate. Ba.,hlnd these ndgn,s the
airis more stable (until a h té_hu ridge foreés it to
rise again): as a result, it rains less in these loca-
tions and forms a ‘rainshadow’, At the same time,
the steepness of the slopes means that sunlight
is far more intense on some aspects than others,

The main factors determining site moisture
and temperature are given in the paragraphs

o
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Creating an extreme rain shadow

Figure 2.17: Schematic diagram showing the effects of the Annapurna Himal in
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below, and summarised in Figure 1.16 (see p28).  Topographical location. The location of any

Aspect. Aspect determines the amount of direct
sunlight (insolation) that a site receives, There is
a stmplistic but frequently very clear distinction
berween south-facing (warm and dry) and north-
facing (cool and damp) slopes. Slopes facing east
and west are not quite 5o straightforward. In gen-
eral, west-facing sites tend to be drier than east-
facing sites, The reason for the main rule is that
the air temperature is higher in the afterncon
than the morning, and so there is more evapora-
tion from slopes exposed to the sun at thar time.
Also, many areas have early mo rning mist, which
reduces the effects of the sun. At low aldtudes,
however, east-facing slopes can be very dry. In
arcas of higher rainfall, the south-facing slopes
tend to receive more rainfall during the mon-
soon, even if they dry out more during the dry
season,

Altitude. Although the ropographic environ-
mental lapse rate’ directly relates altimde to tem-
perature, the relationship is complicated by air
movements and ground warming, Even in the
shade, southetly aspects can be warmer on sunny
days than northerly aspects. The temperature
affects the evaporation rate. Higher terrain is also
suseeptible to greater rainfall as a result of the oro-
graphic effects, and high ridges tend to be
shrouded in clouds for lengthy periods, Henee
ridges tend to have more moisture,
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site on a major mountain slope has an effect on
the accumulation and retention of maisture,
Gullies and other areas where moisture tends to
accumulate, and which are shaded for longer
from the sun, tend to be damper than exposed
spurs, ridges and steep side slopes.

Regional rain cffects. In gencral, the east of
Nepal is wetter than the west. This is apparently
the case more in che hills than the Terai, The Terai
weather stations show broadly similar rainfall lev-
els across the country; the mean temperatures are
also similar, burin the west the seasonal variation
is greater, with hotter summers and cooler win-
ters. ‘This has the effect of causing greater drying
during the later dry season, In the mountains the
effects seem to be more pronounced, but this can
only be inferred from the dominant vegetation
types since the meteorological records are so
localised. The Annapurna Himal, lying to the
south of the main trend of the Himalayas, forms
a major orographic barrier which causes greater
rainfall in the area on its southern flanks.

Rain shadow effect. Rain shadow is the effect
found behind major ridges. Moisture-laden air
cools as it tises on the fronts of the ridges, so that
the moisture condenses and precipitates our;
behind the ridges, the air is stable and passes over
with relatively little precipitation. This is very
common throughout Nepal and can oceur on a

' The

lopagraphic
anvironmenial
lapse rate is
the static
reduction of
temperature
with height. It
is generally
considered la
be 6.5°C per
1000 metres of
altituda,
Howaver, the
exact rate is
determined
parlly by
atmospheric
moisture, as
well as by the
movemant of
air. It also
varles
seagzonally.

ROADSIDE BIQO-ENGINEERING



SITE MOISTURE FAGTOR
Aspect Facing N, NW. NE and E

Alfitude
above 1800 metras

Topographical location
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malsture holding capacity
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laliglrans, Utis
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Figure 2.18: Environmental factors indicating site moisture characteristics
TENDENGY TOWARDS DAMP STES
Ahove 1500 metres: particulary

Gullies; lower slopes; moisture
accumuiation and seepage araas

Regional rain affacts Eastern Napalin general, the southam
fianks ofthe Annapurna Himal

Rain shadow effect Sides of major ridges exposed to the :
monsocon rein-beanng wind

Winds Sites not exposad [owinds

Faw stones; deep loamy’ and silty soils

#.g. amiisn, nigalo, bans, chilaune, katus,

" Loam jsthe name given to a soil with moderate amourts of sand, siitand claﬁr.. which produce a texture thatis neithertoo gritty and
toa fine and clay, and is therefore conducive to plant growth.

TENOENGY Towaros DRY SiTES
Facing S, SW, SE and W

Below 1500 metres; desp river valleys surrounded
| by ndges

Up-per slopes; spurs and fdges; steep rc_n;ky-shpaﬁ
Most of Mid Weslem and Far Weslesn Nepal

Deep inner valleys; slopes shaltered from the
mansoon by higher ridges to the south
Large nver valleys and tha Terai

Materials with a high percentage volume of
stones; sandy soils and graveis

.9, babiyo, khar, dhanyero, imili, kettuke,
Khayer, salia

range of scales. It can often be seen even on rela-
tively small Chutia ridges, but is much more
apparent on the bigger lekhs of the Mahabharat
and Middle Mountain formations, The extreme
example 1s caused by the Annapurna Himal:
Lumle, on the flank facing the tain bearing wind,
receives an annual mean of 5,170 mm; Jomsom,
about 70 km away in the lee of the massif,
receives an average of only 250 mm per vear. This
is shown diagrammatically in Figure 2.17.

Winds, Winds are uncommon in the mountains
except in the big river vallevs. Here, during the
afternoons, warm, dry winds tend to flow from
the south, up the major river valleys, This is
because the air warms in the sun but is laterally
restricted by rhe valley sides; the result is a cur-
rent generated which flows up the valley as an
anabatic wind. In the Terai, warm, dry winds are
common during the dry season, especially from
the east. Both of these wind types can increase the
evaporation significantly.

Stoniness and soil moisture holding capac-
ity. The capacity to hold moisture is limited in
many mountain soils by the high stone content.
This reduces the pores in which moisrure can be

stored.

UNDERSTANDING THE DYNAMIC LANDSCAPE

Dominant vegetation. This is a responsive,
not determining factor. The main vegetation in
an area is often a good indicadon of the site mofs-
ture characteristics (see Chapter 1, section 1.6),

It is important to note that the effects of toral
rainfall are completely different from those of
intensity and duration. Low- rainfall sites can
have a large proportion of their monthly rainfall
in one prolonged storm, which can give tisc to
slope failures, Damaging high- intensity tainfall,
as well as relatively prolonged storms, can oceur
anywhere, even in the driest rain-shadow areas,
For this reason, total rainfall has a much clearer
impact on vegetation cover than it does on slope
stahility,

Site moisture levels

The main features of rainfall in Nepal are that:

@ the summer MENSOON raAins bring 80 to 90
percent of the yearly rainfall; and

® the distnbuton of rainfall is severely affected
by topographical and other factors.

As a result, the main factors making sites more
moist are:

® cxposure to rain-bearing winds;

® topography causing uplift of the wind; and
® shade from the sun (eg north-facing slopes);

6
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Figure 2.19: Simpilified diagram of the moisture cycle under humid conditions
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while those making sites drier are:

@ rainshadow effect;

® cxposure to the sun (eg south-facing slopes);
® higher site remperatures;

@ soils with low infiltration rates; and

® dry winds in big river valleys.

Rainfall sevetely affects plants because water Is
essential for growth. The variations of rainfall,
temperature and evapotranspiration can be mea-
surcd. Their effects on soil water balances are
shown in Figure 2.19. The interaction between
them in Nepal is described in Figure 2.20.

Moisture and plants

The growth of plants in Nepal is controlled as
much by the availability of water as by seasonal
variations in temperature. The warer balance
tends to swing from a super-abundance of water
in the monsoon to a severe deficit in the spring
months. Much of the water precipitared during
the monsoon runs off, evaporates or sinks dccp
into the ground beneath the rooting zone. The
storage capacity of the best soils is estimated ro be
only about 150 mm in the top metre of soil where
itis available ro tree seedlings; in poor, stony soils
it is much less,
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When the monsoon arrives, the water quan-
tity in the soil quickly rises to field capacity, well
in excess of plant growth requirements. At this
time rranspimrir_m is supprcsscd, despitu temper-
atures oreater than 20°C, because the relative
humidity is very high (70 - 95 percent).

At the end of the monsoon, when the soil is
fully charged with water, plants will grow freely
until the forces of transpiration are resisted by soil
suction. At this point the plants begin to experi-
ence water stress and continue 1o do so until the
soil water is replenished by rain at the beginning
of the next monsoon. During winrer, when tem-
peratures are lowest and days are shortest, water
deficitis nota problem; but as temperatures rise
during the spring, water stress for young plants
can be acute. The greatest stress is experienced
during March and April, but the level of stress is
modified by the length and abundance of the
rainy season. The wide range of temperatures and
rainfall brought about by interacrions berween
season, altitude and topography, means that the
best guide to determining plant growth condi-
tions at a site is to observe the state of the ground
and to malke use of plant types that grow in the
vICinity.

1M
Asngman

London,
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MAJOR FACTORS
AFFECTING SITE MOISTURE . IMPORTANT FACTOR

Mare moisture

EXAMPLE WHERE THIS IS THE MOST

Exposure of the site to On many higher ridges in the Mahabharat and

rain-bearing winds

Effect oftopography in

middie mountain areas, e.g. along roads from
Sindnuws o Basantapur, Mude to Charikot and
Sahalpurto Dadeldhiira, and the Shivapun Lekh
above Kathmandu,

Southern side of the Mahabharat lekh, &.g. an the

causing uphift of wind and roacs above Dharan, between Hetauda and

eondensalion of molsiure Simbhanjyang, above Surkhet znd around Lumle «chifaune-katus and banjh-gurans.

leading to rain on the Pokhara-Baglung road i

Shade from the sum: Maostnorth- and east-facing slopes in the middle Cool, damp slopes wilh a kot of shade, usually north-facing.

north-facing slopes stay maLmntans, eg. between Dhankuta.and Hile, Balaju Often growing utis trees. |f cultivated, thera are often many

moister (also eask-facing and Nagarjun, Kakaniand Ranipauwa, and the ladder trees growing on the terrace risers and the land is
relatively ferile.

slopes toa lesserextant) eastem side of the Dauney Hills in Nawalparasi and

Less molsture

Rain shadow eflect: Deep valleys in the les of large ridges, &.g. the Tamur Deep, sheltared walleys surrounded by high ridges. Hot, dry
ridges shield the lower valley between Dharan and Dhankula, thewest Seti climate wilth species such #s sugar cane, khaver, beland
| kand behind them - vallgy near Dipayal khar, .

| Expaosure tothe sun:

| sutith-facing slopes become  molintéing, e.q. around Dhading inthe Trisull valiey,

many.ather north-facing Chuna slopes.

Most south- and wast-facing slopes in the middle

‘much drier (also west-facing  Most south-facing slopes on lower ridges, where

-slopas toa lesser extant)

--topography is inadequste 16 ca use significant Lpift
of the wind, & g western side of the Dauney Hills in
Nawalparasiand many other south-facing Chiria

slopes.

| Higher site termperatine . Lower altitude sites are generally warmeranddner

Ihzin higher ones, 8.5 althiotigh some parts of the
Churia get more rain, evaporation in higher ]
temperatures makes it drier than some higher ridges.

| Soils wath low ratosof - Hillaal forest aress o rato mato, e.0. around

i Infillration resulting in
high runoff

|
|
‘\

Panchkhat on the Amika Highway, and khayer forest
on clay solls in the Bhabar zone near Kohalpur,

Dry winds in I:ug river valleys The bottom few hundred metres of big river vallays,

eg. the Kali G'andgll_d near Baglung,

FIELD

- qurans, ulis and nigalo bans are found, If cultivaled, there

: IhruugrwulNepai

cover of sal, knayer salls

-'kha_r bari,

HOW THIS FACTOR CAN BE IDENTIFIED IN THE \

Higher ridge areas with good forest cover that excluedes
the driertree types. Species suchaschilaune, katus, banjh,

are often many fodder trees growing on the terace risers
and tha land is relstively fertile.

Major hill slopes (usually> 1000 metres) with no high
opography to the south. Dense forest such aslampate,

Hol. dry slopes facing dirs&ly intathe midday and
afternoon sun. Dry forest types such asisal, salla, or shrubs
suchas dnanyero or tilka; poor bari tand with maize or khar.

Vegetation and agriculturel erop patiemns vary significa tly
with temperature. Examples are numerﬁus and well known

Clay sails with low infiltration rates, offen witha probi.efﬁ
of gullying. Ofter not mhwatad and gruwmga paor forﬁt

Dry sal orkhayer forestiypes. cactiand xeraphytes such as
kettuke, I any cullivation, it is restricted to poor malze or

Infiltration the soil and make it more potous, thus
increasing infiltration; but it is necessary to
Infiltration is the process whereby water enters look at the micro level: a short grass cover
the soil through the surface. It is influenced by creates a very different effect from a few large
the following factors. trees with nothing in between.
® Intensity of rainfall: the faster that rain falls, @ Surface openness or compaction: the less open
the greater the chance that some will run off or more compact the surface, the lower will be
rather than infiltrate. the infiltration; some soil surfaces are covered
® Slope angle: the steeper the slope, the greater by caps of clay or algae.
is the chance that water will run off. ® Stoniness of the material: the more stony, the
® Soil texture: the finer the soil particles, the less porous is the material and the more water
slower will be the penetraton of water, will run off,

® Vegetation cover: vegetation helps tobreakup @ Compaction of the material: the more
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Figure 2.21: Aspects of water infitration into soils

/' (a) Average infiltration rates (IR) by soll texture -
SoiL TE.KTIJRE REPRESENTMIUE IR

(MM/HR) _
05
2
B
4 i I R 10
‘Sandy loam 0
Sand S 7o

* {b) Indicative infiltration rates (IR) based on agricultural criteria,

| CLASS  INFILTRATION CATEGORY IR (MMHR) (:ou'ki‘&ﬂ‘rs
1 Wery staw. w Stitable for rice
2 Slow 15 Marginally suitable for rice uplo I mmfhr
3 Madesately slow 520 Unstitable for ries
4 Moderate 2060 S
5 Moderately rapid oo B0-126
6 Rapict o ieRE0
7 very rapid i =250
(c) Ave rage rainfall and infiltration measu rements, Dharan- Dhankuh; road :
SITE. . COVER e RAINFALL INFILTRATION - INFILTRATION

| il (MMHR} (MNUHR]
| DDR 2+800 Canopy (old debris) 06 T4 70
‘DDR 7+300 Bare (fresh debris) s 48 )
| DDR18+000 Canopy (old debris) ey @ B
e Bare (old debns) ) 13 75 65
DR 19+400 Canopy (old debris) ey 24 &
- Bare (old debris) S % 15 5

Sources:  (a)and(b) Landon, JR. 1991, Booker fropical Sail Manual: a handbaok for soif survey and agricultural fand evaliation i te
tropics amd sublropics. Lungrnan Sclentific and Technical, Harlow.
(6) Clark, J. E. 1992 Principles of Bio-emgineering with Referance to East Nepal. Pn{;’t‘l'hssns Cranfieid Lnjversity.
Mole: - The rice suitability qualiifications in table (b} assume that oplions are avallable. On Nepalese hill slopes, the areas of land that
uan e irigated and are climatically sultable for rice cultivation de not always coin oide with sails displaying low infiltration
 rates. Farthis reason, some Khet land has huge infiliration Insses and can seriously change the grourd -water hydrology for
some distance cown the siops. The figures given intable (c) are averages presented for comparative purposes oy, there are
cansiderable ranges hidden by these data. Canopies are mostly of grasses and olher barbacaous vegetalm These
- measuraments were made undet simulated, nol natural, rainfall

Liguefied debris
from a large
landslide is
deposited wherever
the gradient allows.
In this case, the
natural deposition
site was the point at
which the road
crossed the month of
the valley
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STRUCTURE

Figure 2.22. Approximate relationships between texture, structure and hydraulic conductivi

INDIGATIVE HYDRALLIC CONDUGTIVITY

TEXTURE
(MMHOUR) (MIDAY)
Coarse sand, gravel I grain 50D Ciagn
Meditim sand Single grain 250- 500 €18
| i
Loamy sand, fine sand Medium comb, single grain 120-250 38
Finesandy loarm sandy loam Coarse. sub-angular blocky and 60 - 120 163
: ~oogranular, fine cumb |
| Light c'lzzy:laam. silt, silt loam, Medium prismatic and sub-angular blocky G680 0515
| - veryfine sandy lsam, loam |
| Clay, silty clay, sandy clay, 5<20 0$1-0.5 |
| silly clay [oam, clay loam, :
| silt loam, 5/lt, sandy clay loam
Clay, clay Inam, siliy clay, i c; angular bhqcﬁy.;platy 255 :6_55_(}_1
. sandyclayloam :
Clay, heavy clay fine or fine columrar i ey <005

‘subtropics. Langman Scientific and Technical, Harlow.

compact the material, the lower will be the
infiltration rate; newly filled materials or
recently cultivated bari can have very high
infiltradon rates.

The variability of infiltration in soils is
demonstrated by the general data given in Figure
2.21{aj and (b). These can be compared with the
actual measurements made by Clark (1992 on
colluvial debris slopes in Fast Nepal given in
Figure 2.21{c). These demonstrate that colluvial
debris has moderate to high infiltration rates and
that runoff will only occur under heavy rainfall,

Percolation and hydraulic conductivity

Percolation is the downward or lateral movement
of water through soil. The rate of water percola-
tion is measured as hydraulic conductivity,

The Law of Darcy (1856) is applied to soil to
define its hydraulic conductvity, Saturated
hydraulic conductivity is a constant (K) referring
to the flow of a fluid through a saturated
conducting medium. It is defined as follows:

h

q KA L
= volume rate of flow across aplane
normal to the direction of flow;

Where: q

UNDERSTAMDING THE D'YNAMIC LANDSCAPE

Source: Landon, J R-1991. Baoker Tropical Soil Mencal: & handbock for soif survey and agricultuatiand evaltiation in the tropics and

K hydraulic conduetivity, which is the
volume rate of flow through a sample
of unit cross-sectional area under the
influence of a unit hydraulic potential
or head eradient;

cross-sectipnal area through which flow
takes place;

hydraulic head expended in moving
water from one side of the sample to
the other;

length of the sample in the direction
of the flow.

No soil is sufficiently uniform that it could be
measured perfectly by this means, however, and
so only approximatons can be made. In addition,
obsetvations are extremely difficult to make in
the field. Figure 2.22 gives general approximate
relationships between the texture and structure
of soils, and their hvdraulic conductiviries. In the
case of loose colluvial soils with large voids
between the abundant stone fragments, percola-
tion may be rather higher than is suggested here.
Also, soil profiles do not necessarily have the same
characteristics throughout their depths. This is
particularly likely with alluvial soils, where a sandy
surface horizon may be underlain by a fine-
textured horizon with a much lower rate of
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hydraulic conductivity.

On hill slopes, failure may be induced through
variability between the infiltration rate of the sur-
face layer and the hydraulic conductivity of the
undetlying marerial. This might occur where
recently deposited, porous material overlies more
compacted ‘original ground’; or where colluvial
debris transported from above overlies a firmer
material. In either case, the low intetnal drainage
rate of the lower layer may allow the higher layer
to reach saturation relatively quickly on account
ofits high infiltration rare. This can lead to a shal-
low debris flow: In treating such a slope, drainage
would therefore be critical.

Other aspects of water movement

Water can move over the surface of the ground,

into the surface to a depth of a few centimetres,

further down into the soil profile, and deep into

rocks. All these parthways can lead to instability

in various forms.
Conditions that lead to overland flow are:

® when the soil has a capping (compacted
surface): a soil cap will prevent infiltration
even if the soil itself is highly permeable;

® when the rate of precipitation exceeds that of
infiltration (when the soil is not saturated);

® when the soil is sarurated,;

® when impermeable rock or impermeable soil
is at the surface:

® slope, to a limited extent, can determine
wherher or noroverland flow takes place: if
the slope is very steep, water will flow over it
however permeable the surface is; however,
for most pracrical siruations slope does not
cause overland flow, although it certainly
influences the rareof overland flow:

The result of water flowing over the surface can
be either flow without any damage to the surface
if it is adequately protected; or erosion if itis not.
Nepalese soils and rocks are generally very
permeable, containing voids and many fractures.
These allow water in to various depths, all of
which can eaunse instability of various kinds.
When water infiltrates into the soil, it enters
the voids and starts to fill them up. As a result,
pore water pressure starts to rise. Pore water pres-
sure s the pressure acting on soil grains by water
held in the pores. Pore water pressure can be pos-
itive or negative. [ is negative when the voids are
only partally filled with water (this state is also
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known as soil suction). Pore water pressure
becomes neutral just before the point at which
the voids become completely filled with water.
Pore water pressure becomes positive at the point
when all the air has been expelled from the voids
and the water phase in the soil-water mix
becomes continuous. At that point, the water
phase effectively becomes a column and hydro-
static pressure, equivalent to the height of the
column, is exerted within the pores. The pressure
is transferred to the soil grains.

If the hydrostatic pressure is sufficiently high
it will foree the grains apart and rthe mixture will
start to behave as a iquid. Hydrostatic pressure
developed near the soil sutface, as when the
upper layer becomes saturated during heavy rain,
causes the soil to flow.

When pore water pressure becomes positive
along the walls of a fissure underground, a ‘pipe’
develops. A pipe is an enlarged fissure that forms
underground in fine-grained, non-cohesive soil,
especially silty or fine sandy soils. Fnlargement of
the fissure takes place when water, flowing along
the fissure or into the fissure from the side walls,
detaches particles of soil and carties them away in
suspension. Pipes that have not broken through
to the surface can stll sometimes be detected by
the presence of an elongated hollow of subsided
ground pointing down the slope. The trench may
be above the head of a gully and in the same
alignment as the gully, indicaring that water is
moving into the gully head as ground water
through a pipe.

If water travels downwards to the bottom of
the soll profile it commonly becomes halted in its
path by the impermeable surface of the rock
beneath. It then migrates downhill along the
interface until it emerges as a spring at a point
where the soil becomes shallower or the rock out-
crops at the surface.

Pore water pressure may become positive at
the base of the soil profile, resulting in a deep
translational landslide (the commonest deep
type) or a cireular failure,

If water goes deeper than the soil profile, it
goes into the bedrock,

Water movement through rocks is controlled

the angle of bedding; and
the number, orientation, openness and
continuity of fractures,

by:

@ the permc’ibilit\f of the rock;
@

®
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Figure 2.23.Material types and likely failures

- TYPE OF MATERIAL

Debns Surface waier
: Graund water
Soft rock Weathering.
H.a.rd rock Wealhering
Allemating hard-and softrogk : Weathering

5

UNDERLYING CAUSE OF FAILURE

LIKELY MECHANISM OF FAILURE
Erosion or liguefaction
Shear failure

Plane or shear failure or disintegration
Plane failure

: Differential weathering plus plane failure

In horizontal rocks it will move sideways, slowly,
along the surface of an impermeable laver. In
tilted beds it will move more rapidly down the
slope. If the rock s fractured, the water will con-
tnue 10 go deeper. Hydrostatic pressure is exerted
within the open joint systems of rocks in exactly
the same way as in soils. If the water cannot
escape as spring water, high pressure can develop
and force the joints apart. This is the cause of
many rock slides.

In practice, although rocks have been weak-
ened physically by folding and faulting, and
chemically by weathering, it is actually water thar
provides the mechanism of failure by exploiting
thase weaknesses,

Although this
debris fan has been
inhabited and
cultivated for many
years, it remains at
serious risk of
destruction from
this tributary of the
Tamur Kosi River

UNDERSTANDING THE DYNAMIC LANDSCAPE

I
2.7 INSTABILITY

The combination of dynamic terrain, steep
slopes, weak rocks and water is, inevitably, insta-
bility. This Section examines the actual mecha-
nisms of instability and considers whar can be
done about them.

The stability of a slope is described in terms of
the factor of safery. A factor of safery of 1 means
that the slope is at the dividing line between
being stable or unstable. If the factor of safety is
more than 1, the slope is stable. Ifit falls below 1
it will be unstable,

Unstable slopes are always in a state of change,
cither towards a more stable or a less stable con-
dirion. Most failures are active for at least several
years before they settle down. Onlyin a few cases
will the lite progression be known or be capable
of being estimated.

Slope materials and components
The materials forming a slope can be categonsed

@ debris, which is not rock as such, since it also
includes soil and other mixed materials;

® sofi rock, which may be rock thar is naturally
soft e.¢. mudstone, or hard rock that has
become soft through weathering; and

® hard rock.

These are expanded in the paragraphs below

Debris, Material deposited as a result of a slope
movement, The group includes soil of any type,
soil and rock fragments, and rock fragments
wholly. The category ‘debris’ does notindicate a
definidon of parucle size distribution or other
physical characteristics. This is because the con-
stituents of debrs can range from boulders down
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Figure 2.24. The four zones of a landslide

LANDSLIDE ZOME

Zoneof cracking

Zoneof failire
Zoneof ransport

Debris pile

LocaTioN AND DESCRIPTION

Above the slide and sometimes around ils sides, visitle as lension cracks and subsidence.

The haad scar {crown) and failure surface, which mayﬁé}:d.'iby only arelatively small sres al the
top of the slide:

A damaged slope, scarred by the passage of debris on s waly downsiope. This part of the slope
may be stable, and may recover onits own.

The:detached, mobile materal, either on its way down or in & cone at the bottom

tor silt and clay, in any proportion, and these fea-
tures would be separately noted in a soil classifi-
cation cartied out on the material.

Unconsolidated debris. Material deposited by
a slope movement that has taken place within the
last year, Debris which has been deposited
recently has a low bulk density and consequenty
is susceptible to infiltration and failure by lique-
faction. This form of failure has the potential to
destroy any of the low cost systems designed to
catch material moving down the slope, and to fill
or over-flow even the biggest of structures.

Consolidated debris. Material deposited by a
slope movement that took place more than one
vear ago. The term applies to old landslide debris
and colluvium, which are much more resistant to
erosion, liquefaction and internal shear than
fresh debris,

Soft tock. Soft rock is in sifr rock, usually of
weathering grade 5, (Le. it makes a dull thud
when struck with 2 hammer). Failure occurs both
along rock planes (planc failure) and through
bodies of rock (shear failure), Disintegration fail-
ure may occur if rock is extremely perieable.

Hard rock. Hard rock is i1 situ rock of weather-
ing grades 1 - 4, (ie the rock rings when struck
with a hammer). Failure occurs only along pre-
existng rock planes, by plane failure. Hard rocks
have internal strengths much greater than the
frictional strength along their fracture planes.

Alternating hard and soft rocks. Bedded rocks
in alternating layers, whose susceptibility to
wedthering is contrasting, Alternating hard and
soft rocks, although suricdy falling within two tock
groups, are included as a material type because the
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layers influence each other in a way that is differ-
ent from each rock type alone. Failure is by dif-
terential weathering. These alternating bands are
patticularly commaon in the Churia ranges.

These material groups and the most likely
underlving causes and mechanisms of failure are
shown in Figure 2.23. Note that the underlying
cause of fallure 15 usually quite distinet from the
triggering factor for slope movements. The trig-
gering factor is usually water, but is occasionally
an earthquake,

A landslide has distiner parts (see Figure 2.24),
Recognising and assessing these individually helps
the engineer to understand the character of the
landslide and, in particular, its severity.

Types of instability

There are many types of erosion and instability
found in Nepal. the most common ones are
shown in Fipure 2.25. They and others are
deseribed in more detail in the paragraphs below.

Lrosion. Erosion is the removal of particles from
the surface by flowing water. An arbitrary depth
limit of 25 mm can be adopted for erosion: this
depth refers only to the initial removal of parti-
cles and is used to disdnguish erosion from mass
movements; if particles are continually. washd
away, the surface will be progressively lowered,
giving rise to the forms of erosion described
below, For example, a gully 2 metres deep can be
developed by the steady removal of particles from
its base and sides to a depth of no more than 25
mm at a time. The process which causes this is
sall erosion.

There are numerous terms to describe erosion,
and the most common ones are explained below:.
When it comes to the protection of critical road-
side slopes, the distinctions are largely academic.

ROADSIDE BIO-ENGINEERING



Figure 2.25. Common types of erosion and slope failure

MecHamism

Erosion on lhe
surface

Gully erosion

Planar sliding
(translationallandslide
ordehns slide)

Shear failure
{rotational landslide)

Slumping or {low
of material whan
very wel

Debris fall or
coliapse

Debris flow

DESCRIPTION
Rills and gullies form in weak, unprotectad surfaces,
Erosion should also be expected on bare or freshly prepared
slopes.

Gullies that are establshed in the slope continue to develop
and grow bigger. Large gullios ofien have small landslides
along the sides.

Mass slape failure ona shallow siip plana paratiel to the surface.
This is the most eommoan type of landslide, slip or debris fall. The
plane of falure is usually visible but may not be straight, depending
on site canditions. i may occuran any soale.

Mass skope failure on a deep, curved slip planae. Many small,
deep lzndslides are the result of this procass. Large areas of
sibsidence may alsa be due fothese.,

Slumping or flow wheare material is poorly drained or has

low cohesion between particles and liquefaction is reachad,
These somalimes aop'ear afterwards like planar slides, but are
dug to flow rather than sliding. The resulting debris normally
has a rounded profile.

Collapse due to failure of the supparting rmaterial, This normally
{akes the form of & rock fali where a weaker band of material has
eraded to underming a harder band above. These are very common
in mixed Churia strata.

In gullizs and small, steep river channels (bed gradient usually more
{han 15"}, debris flows can occur followng inlensive rain storms.
This takes the form of a rapid but viscous flow of iquefied mud and
debris.

DepTH

05102 metres in road cuts, degperin

Usually in the top 0.1 metre, but can
become deeper f nolcontrolled.

Usually in the top 0.5 metre, but can
become deepsrif not controlled,

Frequantly 0:5 melre or less below surace,
but can be up to 3 metres or more (oralong
a local discontinuity), .

Usually = 1.5 metres deep.

Frequentty 0.5 metre or I2ss below
surace,

natural cliffs.

The flow depti is usually 7 to 2 metes
deap.

£

Even the
smallest gullies
can damage
roads

Natural or geological erosion: the wearing
away of the Larth’s surface by water, wind or ice
under natural environmental condidons of cli-
mate and vegetation, undisturbed by man.

Normal erosion: the gradual erosion of land
used by man which does not greatly exceed
ﬂ.’nut';l] CT(JRH)“.

UNDERSTANDING THE DYNAMIC LANDSCAPE

Accelerated erosion: erosion which is much
more rapid than normal, or natural or geological
erosion, primarily as a result of the actions of man
or animals,

Splash (or rainsplash) erosion: the spattering
of small soil particles caused by the impact of rain
drops on wet or weak soils; the loosened paﬁic]cs
may or may not be subsequently removed by sur-
face runoff,

Sheer erosion: the removal of a fairly uniform
layer of soil from the land surface by runoff water
for overland flow).

Rill erosion: erosion whereby numerous small
channels of the order of tens of millimetres in
depth are formed.

Gully erosion: the process whereby water accu-
mulates in narrow channels and. over short ]wri—
ods, removes the soil from this narrow area, often

|
%)



to considerable depths.

The exact conditons under which each of these
oceur varies greatly. Sheet erosion is uncommon
on roadside slopes, but can be found on extensive
bare soils with compacted surfaces, More com-
mon is the development of rill or gully erosion
through the channelisation of surface runoff
(when it oceurs) at the micro level. Once drainage
lines start to form rills on weak materials, they
can enlarge rapidly into gullies,

Gullies. Gullies begin as very shallow, narrow
incisions in the slope (rills). 1 a gully is deeper
than 2 m, its sides fail in ways similar to a normal
hill slope. Hill slope protecion measures are then
appropriate on the gully sides, as well as the gully
floor requiring its own protection.

Erosion by piping, This is the removal of fines
along an underground channel. Pereolating
ground water in permeable fine soils of low plas-
ticity can temave fines along a fissure to a point
where an underground stream is formed. The roof
of this stream cavern can enlarge upwards towards i
the surface and eventually collapse t creare an
open, elongated chasm or pit.

Planar sliding or translational landslides.
These are the most common form of slide in
Nepal. In these a ‘slab’ of material of more or less
uniform thickness slides off the surface.
Translatienal slides are typically rectangular in
plan, with a straight head scar and straight sides
running parallel down the slope. They are fre-
quently quire shallow (i.e. one metre deep or less).
They can be caused by ground water pore pressure

74

Shallow planar failures on
long steep slopes can give
rise to large volumes of
debris. Althought the debris
in this example is ahout 5m
deep, the depth of the failure
itself is less than 1m

along a slide plane, or by weathering or under-
cutting of the slope. They can be shallow or deep,
according to the structure of the superficial lavers.

Shear failure or rorational landslide. Here,
a rotational movement of material occurs, form-
ing a spoon-shaped scar on the hillside which is
roughly circular in plan. The debris forms a bulge
near the toe. Slumps are commonly caused by
high ground water pore pressures deep in the

Under very
heavy rainfall,
weak colluvial
materials on
steep slopes
can reach a
critical point of
saturation. The
material then
liguefies and
slides, giving
rise to shallow
failures

ROADSIDE BIO-ENGINEERING



Extreme
rainstorms can
lead to alarming
scales of debris
flow. The
average boulder
size is about Zm
diameter in this
example from
Palung, in 1993

hillside, and the slip circle usually goes several
metres deep.

In pracrice in Nepal, deciding if there is a rota-
tional or a translational mode of failure is usually
extremely difficult. Many slides are a compound
of the two types, in which a rotational component
at the head degencrares into a translational com-
ponent below. This is because coarse, non-plastic
debris masses cannor sustain a circular slip plane
except at the crown. Deciding which mode is
dominant is useful because rotational failures indi-
cate a deep failure plane and mav therefore be
more difficult to stabilise than a translational slide,

Dicbris flow. These are caused by the liquetac-
fion of matetial, usually by the action of heavy
rainfall upon a permeable sofl surface. The soil lit-
erally flows down the slope. The failure plane is
usually shallow, sometimes only a few centime-
tres deep, However, the fluid mass is very difficult
to control or stop. Deep flows, which ean rravel
a long way, are very destructive and potentially
pose a high risk to life and property.

Plane failure in rock. Any mass movement
whose failure plane or planes is controlled prin-
cipally by fracture planes in rock, and whose
debris consists chiefly of rock fragments, The
weathering srade of the rock is 1 - 4 (the rock rings
when struck with a hammer: see Figure 2.11, page
56}, Tailure types commonly include plane Fail-
ure, wedge failure, and toppling (rockfall),

Disintegration. Tensile failure in very soft rock
or consolidated soil. This is a special type of rock

failure, found in massive or sparsely-jointed, per-

UNDERSTANDING THE DYNAMIC LANDSCAPE

meable, weatherable rocks (e.g. porous sand-
stones) and in dense soils and unconsolidated
marerials that stand in a vertical or near-vertical
face. Upon landing the material breaks up into a
pile of loose debris, consisting mostly of loose
rock mineral particles, such as sand containing a
few boulders of weathering grade 4 or 5 (see
Figure 2,11, page 56). All traces of rock strucrure
or stratification are destroyed in the fall, For this
reason the mechanism is distinguished from a fall
of hard rock, which is considered a plane failure.
The cause is weathering, Saturation and weath-
ering cause the rock to fail by planar or are-like
shearing throughour the mass. Sometimes this is
partially controlled by weakly-developed joint
planes. Strietly, the mechanism is a “fall’, bur the
form of failure is distinctive. The mechanism is
typical of thick beds of soft Siwalik sandstone and
terrace depasits, Iris very difficult to cure,

Differential weathering: Weathering of rock
layers whose susecepribility to weathering is
strongly contrasting, This failure occurs typically
in alternadng thin beds of hard and soft rock,
such as sandstone and mudstone or siltstone.
These formations are characteristic of the Middle
Siwalik rocks of Nepal. The cause is a combination
ofweathering and erosion of the soft rock lavers,
and plane failure of the hard rack layers. The soft
rocks erode back from the face to leave the hard
rocks sticking out, Eventually the hard rocks over-
hang so far that they break off along vertical frac-
tures. The process then starts again and the whole
face retrears. This mechanism is VETY COMMOoN in
the Churra ranges.

Causes of failure

The causes of failure are numerous, but mainly
come down to the action of water in some way.

Surface water. This gives rise to erosion, or
soaking of the surface to cause shallow sliding, It
results from water infiltrating from the surface.
The failures caused are shallow, and there is usu-
ally clear evidence of the source or presence of
water,

Ground water. Ground water causes increased
pore water pressure at depth, This gives rise to a
failure plane deeper than in surface water failures,
In some geological conditions, a considerable

armount of ground water can occur bur is barely

|
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visible as a seasonal spring. Water percolating
down through the ground from khet (paddy) ter-
races and leaking kulos (irrigation leats) can have
amajor effecta long way down the slope.

Weathering, Rock shear strength is reduced by
weathering, as constituent minerals are broken
down into weathering products and clay miner-
als. Physical bonds between rock constituents are
weakened or broken. The rock can fail along
weakened fracture planes or through its body.
Weathering rakes place over geological rather
than human time, but the effects in weakening
rocks can take many years to result in a failure,

Undercutting, A slope is undercut by a flow-
ing strcam or by the opening up of a road cutting,
Incision (downcutting) or lateral scour by streams
is A major cause of slope failure. The initial failure
can work rapidly up slope.

Addition of weight. Weight is added usually

in the form of landslide debris from a failure
higher up the slope, or by the dumping of spoil.

=
2.8 SITE INVESTIGATION

A rapid procedure for site invesrigation is given in
the Site Handbook companion to this volume
(Section 1.2, page 15). Iris recommended that it
should normally be followed. A proforma and
guidance notes are given in the Site Handbook,
Annex A (page 126). In cases of more serious
instability, however, a more thorough im-u-stig;-l-
tion may be required. That is described in this sec-
tion, with the procedural guideline and check list
required given in Annex A of this volume.

The various aspects of a site which should be
investigated are considered in the paragraphs
below; with explanations of the kind of problems
that may occur.

Because of the range of failures that can occur,
iris imporrant to try to identify what is oceurting
in the ground. For example, as Figure 2.26 shows,
cracking in the original hill slope above the road
cut slope might be the result of one of three dif-
ferent possibilides, one of which is far more seri-
ous than the others,

Many of the investigation criteria involve rel-
arively arbitrary quantifications (such as the
length of slope affecred by the failure). The rea-
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son for this is that these provide indications of the
seriousness of the failures and are important in
determining the priority and scale of rehabilita-
ton work,

Location of slide. The initial ctiterion is to
determine whether the failure is off the road
alignment but within the Department’s responsi-
bility, above the road so that debris may come on
to the road, below it so that it may be under-
mined, between road sections, or whether the
slide failure plane passes beneath the road. The
main oprions are given in Figure 2.26.

Type of slope affected. If the failure affects the
road curring but not the hill slope, then the slide
has probably been caused by road construction;
if itaffects the hill slope but not the road cutting,
then the slide has prohably not been caused by
road construction: it may be natural or induced
by man, bur there is a risk of enlargement up
slope and deposition of debris on to the road and
into the drainage system. If the slide affects the
road cutting and the hill slope, it has probably
been caused by road construction and is enlarg-
ing up the slope. If itis in the embankment, fill
or spoil slope, then the slide has been caused by
road construction and threatens the carriageway:
there is a risk of erosion or liquefaction if the fill
1s uncompacted.

Slope conditions above slide (or above
road, if road is at top of slide). If it is at the
erestofa ridge, or on a gentle slope (less than 357),
then the slide is unlikely to enlarge much up the
slope. If it is a stable, undisturbed hill slope, the
slide can be stabilised easily. On an unstable hill
slope with cracked ground, another landslide or
topography that collecrs water, more instability
can be expected: there 1s a high risk to any sta-
bilisation measures. 1f there is a cut-off drain ot
take-out drain, there is a high risk ofleakage from
a cracked drain, Where there is an irrigation chan-
nel (kulo), there is a very high risk of major ero-
sion if the channel should leak or be damaged.

Slope conditions ar base of slide or helow
slide (or below road if road is at base of
slide). Where the road is intact, instability is
trom above only. The road may be buried bur the
road itself will not be disrupted by the slide plane.
If the road is disturbed, then it is not at the base
and so the slope condition at the base must come

ROADSIDE BIO-ENGINEERING



Failure in cut slope only:

Failure in fill slope only:
Part of the road will be lost

Figure 2.26. Possible failure planes around a road on a hill slope
Failure in hill slape but not cut slepe:

Debris may come o to drain or road \_

Failure in cut siope and hill slope:

- Debiis will block drain and partially block rogd

Debris will biock drain and may block roud

Road and side drain

Original hill
slope

Failure iin lil] slope and
original valley siope:
Road will be
seriausly

. endangered

Deep failure in éfl:ginal ground

Original valley
slope

L

Failure in criginal valley slope only:
Headward refreat will endanger road

well below road:
A whole sectian of road will be lost,
and will be difficult to replace

under one of the next three categories, If there is
a stable, undisturbed hill slope, the slide can be
stabilised easily. Where there is an unstable hill
slope with cracked ground, a landslide or topog-
raphy that collects water, thercis a v ery high risk
to the carriageway; remedial action is urgently
required, still with a high tisk of major damage. If
there is a stream, there is a risk of scour and
undercutting of the slope.

General type of faillure. Erosion, rilling or gul-
Iying up to 2 metres deep caused by surface water
is only a minor instability. Gullies more than 2
metres deep with a substantial watercourse have
a probability of a significant amount of debris
being hrought down. Mass movements (slides,
flows or falls) are deeper failures requiring more
substantial works,

Material Forming the original (Failed)
slope. Debris, which is matetial deposited as a
result of a slope movement, may be unconsoli-
dated or consolidated, depending on whether it
is less than or more than a year old. Other Ppossi-
ble materials are soft rock, hard rock and bands of
alternating hard and soft rocks.

Failure mechanism. Erosion is the removal of
particles trom the surface by flowing water: this
can be in the form of rills, gullies or pipes. Slides,

UMDERSTANDING THE DYNAMIC LANDSCARE

within the soil or along the soil /rock interface,
cover any mass movement of soil or debris down
slope. Flows are caused by the liquefaction of
marerial, usually by the action of heavy rainfall
upon a permeable soil surface. Plane failures in
rock are any mass movement controlled princi-
pally by fracture planes in rock, and whose debris
consists chiefly of rock fragments. Disintegtation
is a tensile failure in very soft rock or consolidated
soil. Differential weathering oceurs in rock lavers
whose susceptibility to weathering is strongly
COntrasong

Causes of failure. Surface water causes erosion,
or soaking of the surface to cause shallow sliding,
Ground water causes increased pore water pres-
sure at depth, leading to failure planes deeper
than in surface warer failures. Rock shear strength
can be reduced by weathering as constituent min-
erals are broken down. Slopes can be undercut by
a flowing stream or by the opening up of a road
cutting. Welght can be added usually by the
dumping of spoil or by landslide debris.

Depth of failure. Up to 25 mm is a shallow sur-
face failure caused by erosion. From 25 to 100
mm is a shallow mass failure, probably due to the
liquefacton of surface layers. Trom 100 to 250
mm is a deeper mass failure thar can invelve
warer contribured both from infiltrating rain
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water and rising ground water, From 250110 1000
mm is a deep mass failure probably due primarily
to ground water pore pressure, Deeper than 1000
mm comprise very deep mass failures due to, or
assisted by, high ground water pore pressure,

Length of failure (rop to bottom)., Up to 15
metres is a minor failure. From 15 to 75 metres is
a substantial failure, From 73 to 150 metres is
a large failure. More than 150 merres is a major

failure,

History of slide. This covers the history of
acuvity of the slide from its first occurrence up
to the present ime. if it has not moved within the
last b years, it is an old slope movement which
may now be stable, unless it has been disturbed
by road construction. If it moved this year for the
first time, it is an active failure and future deve-
lopment may be very difficult to assess. If it has
moved within the past five years bur did not
move this vear, itis a recent failure, but at present
is inactive. If it moves every vear ar a diminishing
rate by the initial mechanism, it is a continual
failure, bur holds distinetr possibilities for
improvement by remedial works. If it moves
every year by the initial mechanism at a constant
o worse rate, it is 4 continual failure which may
be out of control and have little possibility for
Improvement.

Life progression of slide. The evolution of the
slide from its current condition into the future,
Ifa stable slope has formed, or will stabilise nat-
urally, it may have been a single failure to a sta-
ble rock plane or stable slope configuration,
which is a relatively rare situation. 1f further
movement is expected by movement at a shal-
lower depth than that of the original failure, then
the instability is going through post-slide adjust-
ment. [Fa repeared movement is expected, by the
inital mechanism or another equally serious, full
stability may not be achieved for some years.

—
2.9 SITE TREATMENT

This should be as descetibed in the companion Site
Handbook, That gives a complete guide to site
treatment, incorporating all civil and bio-engi-
neering techniques.
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3.1 INTRODUCTION

Vegeration on roadsides is a long-term manage-
ment task. The ‘maintenance’ of lregctﬂti(m in
engineering is thought of as ‘management’
forestry, hordculture and agriculture.

Vegetation must be maintained in order to
maximise its engineeting contribution, its pro-
ductivity and its appearance. Most operations are
similar to normal forestry practices, but there are
some particular needs for bio-engineeting which
are specific to the road seetor.

The management of vegetation is part of road-
side support maintenance’
maintenance are defined as follows.
® Routinc maintenance is required

continually on every road because of

environmental degradation, whatever the
road’s engineering characteristics or traffic
volume,

® Preventative maintenance is required to
adapt the road to the changing nature of the
slopes and streams (Z.e. to the geophysical
environment),

The maintenance tasks for vegetation can be
listed according m the intervention frequency (as
for on-road maintenance). In this manual, those
tasks specifically related to vegetation are consid-
ered in derail; other aspeets of maintenance in
roadside areas are not covered (such as cleaning
slope drains, checking structures, ete). Nor is
emergency maintenance covered.

To some extent all bio-engineering activities
arc covered by preventative roadside support
maintenance. However, within this category
some long-tetm maintenance tequirements fall
into routine operations because they are contin-
uous or very regular, or require frequent checks.

In general, lengthmen can carry out rowutine
maintenance activities and gangs should carry
aut preventative mamtenance. However, the mode
of operation depends on the seale of each site and
should be kept flexible.

Routine maintenance

Routine maintenance involves simple protection

and care of plants, such as weeding, mulching

and grass cutting. The normal activites are:

® protection of planting sites from grazing,
theft of firewood and timber, and fire;

® weeding;
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-The two earegories of

® mulching;
® orass cutting

Watering is usually carried out only if a long dry
pu’lnd has followed immediately after site plant-
ing, or where bio-engineering works have delib-
erately been carried out before the start of the
MOonNsGon rains.

Guidelines on each of the tasks above can be
tound in section 5.3, page 118, of the Sire
Handbook,

Preventative maintenance

Preventative maintenance is more complex than

routine maintenance. Larger plants (shrubs and

trees) require pruning and thinning, Pruning is

the removal of the lower branches of large plants.,

Thinning is the careful removal of whole shrubs

and trees to allow more light to penetrare. All for-

est areas must be thinned on a recurrent basis,

Under this long-term management of vegetation

comes the repair and replacement of vegetation

structures, and the removal of unwanted large

plants. T hc usual activities are:

[ thinning of shrubs and trees;

® repair of vegetation structures: 6,2 repairs to
palisades, fascines, brush layering and rarf;

® vepotation enrchment;

® removal of unwanted shrubs and trees.

Guidelines on each of the tasks above can be found
in Section 5.4, page 121, of the Site Handboo.,

L
3.2 STABLE VEGETATION COMMUNITIES

Vegetation development

Many natural vegetation communitics® do not
display the desired engineering properties for sur-
tace protection or slope stabilisation. This is
because vegetation systems do not evolve specif-
ically for these purposes. Indeed, some areas of
apparently well-protected forest acrually cover
slopes with problems of erosion and shallow
landsliding. Protecting vegetation alone does not
solve many of the erosion problems that arise
when a canopy develops but there is sparse
ground cover. For this reason, some parts of the
Nepal middle hills which are covered in heavily
degraded farest and serub actually have less ero-

' Befinilion of

Maintenance
and
Mainfenarce
Activilies,
Depariment of
Roads, Marg
2081
(Mewvembar
188d),

A vegelation
community
can be
defined as ‘an
astabls hed
groeup of
plants: living
more-or-less
In balance
with- gach
other and thelr
anmviranment;
Lhes graup can
ba either
natural or
managed’,
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Where the
miain trunk of a
tree is cut off,
usually two o
three matres
above the
ground, fo
allow new,
smaller,
shoots to grow

! where the Irunk
of a tree is cut
off about 30
cm above the
grewnd to aflow
new shools (o
grow fram (ke
sump.

Figure 3.1: Typical development of plant communities

under a bio-engineering and maintenance programme

A. Atthe end of the first growing
season, planted grasses have established
throughout the site, with shrubs and
trees growing at regular intervals.

B. Alfter five growing seasons, the shrubs
and trees have developed a full canop
and shaded out the grasses underneath.
Erosion is now possible on the
unprotected surface.

C. After pruning and thinning, the grasses
have re-grown, This is now an ideal plant
community for engineering I)urpﬁsas.
Large trees are rooting deeply,

but they have been pollarded so

that their weight does not

surcharge the slope. Grasses

provide a dense surface cover

Lo prevent erosion.

sion than some areas with a dense, high forest
canopy. Pine forest is notorious for providing the
conditions where erosion can occur underneath
large trees.

If the right balance of plants is to exist for engi-
neering purposcs, it must be designed and imple-
mented specifically for each site, and then
managed in such a way as to maintain the desired
engineering functions, Left to their own devices,
most bio-engineering sites would not immedi-
atcly develop a stable arrangement of plants.
Most of the species first populating a sire are
pioncer plants, which cannot survive in a com-
munity of other plants unless they are helped in
some way, such as by reducing competition, In
particular, grasses usually need alorof sunlight 10
thrive; while this is available on newly planted
sites, it diminishes as the canopy develops; how-
ever, grasses provide excellent surface protection
and so are very important constituents of most
bio-engineering sites. The theory of vegetation
communities and competition is given in
Chaprer 1. Figure 3.1 shows the progression of
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plant development diagrammatically.
Keeping a vegetation community healthy
requires careful maintenance. As the trees grow,
their canopies spread and reduce the light reach-
ing the ground. But most grasses {and many
shrubs) require full sunlight to grow well, and die
rapidly if they do not getit, Thisleads to a canopy
of trees with a poor ground cover.
An ideal bio-engineering vegeration commu-
nity is shown in Figure 3.1(c). Tt has the follow-
ing features:
® [argctrees that root deeply, giving
maximum anchorage. In this example they
have been pollarded' so that their weighe
does not surcharge the slope, but they
could have been coppiced®.

® Shrubs forming an intermediate
(understorey) level, with strong, woody
roots that are shallower than the rree roots.

® [large clumping grasses (like khar) to
provide a thick surface cover to prevent
crosion, with a dense network of fibrous
roats close to the soil surface,




The central aim of vegetation maintenance is
therefore to ‘engineer’ the plants so that they
provide a communiry as close to thar in Figure
3.1(c) as possible.

General principles to apply

Long-term vegetation cover should be encour-
aged to develop the following characteristics.

Mixed structure

This aims to develop a structure as in Figure 3.1(c)
(an irregular structure) with trees, shrubs and
grasses on a single site.

Mixed age

This aims to achieve a mixture of the ages of
plants on one site {an uneven-aged strucrure). Tt
means that all plants do not need to be replaced
at the same time and there will always be some
strong, healthy plants protecting the slope.

Mixed species

The aim here 15 to maintain a mixture of species
on one site, Single species, or vegetation com-
munities dominated by one or a few species, are
unlikely ro have either an irregular structure or
uneven ages.

Low maintenance

The aim is, as far as possible, to esrablish a vege-
tation community that does not need oo much
maintenance. This means moving towards long-
term stahility in terms of the vegetation commu-
nity, For example, aim for: a mixture of species
which can live together indefinitely; species thar
can regenerate naturally (without planting);
spccics.that do not grow too fast or too tall (less
need for frequent curting and removal); gpecies
that live longet, ete

Natural progression

In bio-engineering it Is often necessary to start

with pioneer species and move rowards a climax

community (these terms are defined in the box

ovetleaf). Examples of this include:

® orass with tilka/dhanyero (Wendlndia
puberida) Woodfordia fruticosa) serubland
—sapen mixed sal (Shorea robusea) forest
{eventually — open mixed tropical hardwood
foresty;

® grass with khayer/sisau (Acacia
catechu!Dalbergia sissoo) plantation

B2

— open muxed sal (Shaorea robusta) forest
(eventually = open mixed tropieal hardwood
forest);

® vrass with khote salla (Pinus roxburghii)
plantation
— open mixed broadleaved forest (tooni,
chilaune, katus)
(Toona ciliata, Schima wallichit, Castanopsis
species);

® orass with utis (/1/nus nepalensis) plantation
—» open chilaune/katus (Schima/ Castaopsis)
forest,

® orass with gobre salla (Pious wallichiana)
plantation
—> open banjh/khasru/gurans (Quercus!

Rhododendron) torest.

Grass cover is the most effective way of protect-
ing surfaces in Nepal, as elsewhere, But to sustain
a grass cover requires an open canopy, which
gives not more than about 50 percent shade.
Hence for bio-engineering, the forest types men-
tioned here need to be kept open, and not
allowed to develop into dense climax forest with
a complete canopy. The development of rhese
final communities can take many years (perhaps
500 years or even more), and so this aspect of
maintenance is truly long-term management.

[n most vegetation types, an open canopy of
forest with grasses in berween is not a naturally
oceurring condition. There is usually a tendency
for the trees to close canopy and shade the grasses
out, in favour of other, more shade-tolerant
understorey plants (but less effective than grasses
for surface protection). As a result, regular main-
tenance of the site will be required to ensure that
the balance of vegetation remains as desired.

[
3.3 MANAGEMENT OF GRASSES

Management of grasses is part of routine main-
tenance, It is a small-seale management operation
that needs to be undertaken only once per year.
Tn small areas, where extensive growth during the
srowing season impedes the vision of drvers and
pedestrians, it should be undertaken monthly.
Grass management entails cutring the stems
about 150 mm above the ground, using a karaut
or hasiya (sickle). The material produced can then
be used either to mulch the surface, or can be
removed for mulching elsewhere, or taken for
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fodder, thatch, fibres or any other potential use.
Stems should be cut only after the seeds have
fallen: it should not be done before the beginning
of Magh (mid January) but can be undertaken any
rime in Magh or Falgun (mid January to mid
March), See Section 5.3, page 118, of the Sire

Handboolk for details,

Pioneer or colonising species.
These are the first plants to appear
on bare ground and are naturally
adapled to living on sites with harsh
conditions.

Examples are:
® grasses: babiyo (Ewlaliopsis
binata), dhonde
{Neyraudia
reynaudiana),
kans (Saccharum
sporitaneun),
khar {Cymbopagon
microtheca);
arer (Acacia pennata),
: bhujetro (Bufes minor),
keraukose (Indigofera
atrotirptirea),
saruwalbihaya

® shrubs:

{fpomoea fistulosa);
bakaino (Melia
azedarach),

khayer (Acacia
catechu),

saila (both Pinus
roxburghif and P,

@ ftrees:

waillichiana),

sisall (Dalbergia sissoo),

utis (Afnus nepalensis).
Most of these species require full
sunlight in which to grow, and they
are relatively short lived. These
plants are ideal for establish-
ing on new sites.

MAINTENANCE OF VEGETATION

Climax community species. These
are plar'gts that ¢an form apparently
permanent natural forest ar natural
vegetation. They lend to reguire
better sites to grow, and to grow
mare slowly. Within their ranges,
they will grow in the same sites as
the pioneers, but not until the
pioneers have grown up and
provided shade and other site
Improvements.

- Examples are:

® grasses: amliso (Thysanolaena
fhaxima),
dangre khar
(Cymbopogon Pendulus),
padang bans
(Himafayacalamus
hookerianus);

® shrubs: bainsh (Salix

" tetrasperma),

simali (Vitex negundo),

sajiwan (Jatropha

curcas); :

chilaune (Schima

wallichir,

kalus (Castanopsis

species),

® irees;

lankuri (Fraxinus

flonbundayl,

sal (Shaorea robusta).
These species are usually tolerant of
same degree of shade, especially
when young. They may also ba long-
lived. These plants shouid be
encouraged when they start to
appear on established siles, or they
can be planted between existing
plants.

[n most species, cutting encourages the grass
plants to remain vigorous and to put up new
shoots. Grasses grow from what are termed Snter-
calary meristems’. This means that growth occurs
through cell division at the bases of leaves and
stems. This makes them fundamenrally different
from shrubs and trees, which grow from the tips
of the branches or shoots (called ‘apical meris-
tems’). This is why it is possible to cut grass shoots
without affecting the growing points; whereas
with most woody plants, curting the shoots can
serivusly affect the growth,

In many parts of the wotld, it is common to
burn grassland in order to remove the old, coarse
stems and leaves, and encourage a fush of new,
tender shoots, which are more palatable and
nutritious to foraging animals. In Nepal this is
often done in the dry period at the end of the
winter. While this is a valid operation on stable
areas of extensive grassland, it should never be
permitted in roadside areas. The main reason is
that it kills larger plants, such as shrubs and rrees.
In recent years it has also been discouraged or
banned in many countries because of the wider
ecological damage caused, both by the fire killing
insects and small animals, and destroying their
habitats, and hecause of the perceived glabal
problems of rapid carbon release.

In areas around side drains, prasses must
always be cut, ideally using a karauti or hasiva
(sickle), and must never be pulled out. Large
grasses cannor be pulled out by hand in any case,
but small plants can be. This can be very damag-
ing to the toc of a cut slupe.

=
3.4 INTRODUCTION TO THE
MANAGEMENT OF SHRUBS AND

TREES

Under both routine and preventative roadside
support maintenance, there is a variety UF\\,'a}'R of
managing shrubs and trees. Routine operatons
are required mostly in the first year or two afrer
planting. Preventative maintenance operations
are not required until abourt five vears after plant-
ing, Section 5.4, page 121, in the Site Handbook
'Pl'uﬂltrlla: and thinning of shrubs and trees’, gj*.-'t:s
a simple practical guide. What follows explains in
more detail the optimum management proce-
dures for large and complex sites.

o0
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Early management

Early management (or maintenance) of shrubs
and trees aims to establish the plants as quickly
as possible. It is important that the plantation site
is protected from grazing animals, people cutting
fodder and firewood, and from fire. Small
scedlings are particularly susceptible to damage.
There are basically two methods of protection.
"The easiest in the short term is to employ watch-
ers to police the site throughout the day, to chase
away unwelcome visitors. In many roadside areas
this may be the anly solutdon. Some road sections

are subject to grazing from enormous numbers of

animals. Often it is the physical damage from
hooves, especially those of cattle, which do more
damage than the acrual grazing,

The harder, but in the longer term mare
rewarding, method of protection is to work with
the road neighbours (local people) to gain their
respect for the vegetation planted to protect
slopes and their participation in its wise manage-
ment, If there is a definite benefit for the people,

then they will often respond favourably. Ways of

doing this are given in detail in Chapter 5 of this
volume, [t has been achieved successfully in
many parts of Nepal. .

In areas where there are well defined commu-
nity structures, liaison with the loeal people
seems to have more success. Where many people
have recently moved into an area from elsewhere,
there is often not the socieral cohesion necessary
for the respectful management of resources,
which are perceived to be common property. One
result of the rapid expansion of Dhankuta town
in the 1980s, for example, was unrestricted graz-
ing, which damaged food crops as well as road-
side bio-engineering works. Attempts to work
with the graziers and firewood cutters of Barghat
(Nawalparasi), also in the late 1980s, came to
nothing. Site watchmen were deployed instead,
and chased enormous numbers of animals away
from the site. This increased from about 150
cows, 300 goats, 750 monkeys and 10 people per
month during the dry season, to about 5,000
cows, 12,000 goats, 1,000 monkeys and 500 peo-
ple per month during the monsoon (when all the
cultivated land was growing rice)’ . Despite these
examples, there are many arcas where liaison
with local people has given rise to community
groups and individual farmers making significant
contributions to the quality of roadside vegera-
tion. This is elaborated in Chaprer 5.

B4

Other early maintenance operations amount
to weeding and mulching, Weeding is often
needed in the first few years of growth to reduce
the competition for the planted species, and to
ensure that the site is not invaded by shallow-
rooted annual species, which do not contribute
the required engineering functions.

Mulching is usually done at the same time as
weeding, and in fact the weeds can often be nsed
as a mulch. Dead plants or compost are placed in
a broad circle around each planted seedling, This
helps to keep the rooting zone cool and maist,
thereby improving the conditions for growth.

Watering is not a normal maintenance activ-
ity, but can be undertaken in cwccptinnal Cit-
cumstances to improve growth during dry
periods. Difficult sites can be successfully pl: inted
before the start of the rains if the site can be
watered regularly. Plants thrive in the combina-
tion of intense sunlight and adequate soil water:
in addition, they make use of the annual nitrogen
flush before the leaching caused by the first main
rains.

Derails of these maintenance operations are
given in Section 5.3 of the Site Handbook (page
118),

Later management

After about five years, the management of shrubs

and rtrees changes completely. Weeds are no

longer a4 problem and protection is less critical.

Grazing animals can no longer damage the

plants, bur in some locations heavy lopping for

todder or firewood can be damaging, Instead, the

major maintenance consideration is to stop the

canopy of larger plants becoming too thick and

suppressing the lower plants (mainly grasses),

which protect the surface.
The longer term management of shrubs and

trees aims to:

® increase light penctration through the
canopy to the ground so that plants
(especially grasses) can grow better;

® keep a vigorous mixture of plants of
various sizes and shapes;

® improve the mixrure of ages and species in
the plant community on the site;

® reduce the weight surcharge and wind
resistance of large trees,

ROADSIDE BIO-ENGINEERING



Figure 3.2: Characteristics of vegetation canopies requiring thinning

" CAMOPY GHARACTERISTICS

1.If the canopy cover (crown cover) is grealer than 50 percent
2. thergis a tree canopy but no shrub layer or ground
vegetation layer
3.1 the tree canopy is mosily of & single speciesor more or
less aven-aged
4 ifthe tree canapy has dead or unhealthy trees in i,
or ifthere are leaning treas
Sifthe site is fully stocked or overstocked with trees
6.1f thers are large heavy-crowned Irees (especially on
- sleep slopes) -

* Destriptions of these methods gre given in the box on page 86.

How to decide whether shrub and tree
management is needed

If the site has one or more of the features
described in Figure 3.2, then the rrees and shrubs
on the site will need management of some kind,

Measuring canopy cover and stocking

The percentage canopy cover is a good indicator
of the amount of light reaching the ground, For
bia-engineering purposes, the canopy cover need
not be more than 50 percent, Tfiris grearer than
this, some canopy can be safely removed,

There are various ways to measure canopy
cover.

Visually

Walk through the site and estimate at various
points the percentage of the sky that is covered
by tree canopy. Take the average from a number
of points on the site, Note that this method can
be quite inaccurate. The estimated percentage
vaties with the observer, according to weather
conditions, season (some trees are deciduous),
it

Spherical densiometer

This is a simple device which enables canopy
cCOvVer percentage to be mote accura Lcly measured
(see box on page 86). Note that several readings
need to be taken, and the average of these used.
Although more accurate than visual methods,
this still suffers from seasonal changes. The Geo-
Environmental Unit can supply the insorument
required.

Another useful indicator of forest condition is a

MAINTENANCE OF VEGETATION

METHOD OF ASSESEMENT

Wisual or spherical densiomater
Visiat:

Visual or measurement plots
Visual

Measurament of basal area or sterm counts in plots, or visual
Visual .

measurement of stocking, This can also be
assessed visually, or by measurement (using a
wedge prism or sample plots, see box on page 86).
Stocking can be measured as stems per hecrare or
more usefully as basal area. Basal area is the
amount of area actually covered by tree stems (as
opposed to crowns) per hectare, [t can be mea-
sured accurately, and is unaffected by seasons,
weather, or observer bias. However, its measure-
ment may take a little longer, and is more diffi-
cult to do on steep slopes. The Geo-Environ-
mental Unit can supply the instrument required,

Basal areas range from zero to a maximum of
about 45 sq. m/ha. Figures greater than 30 sq.
m/ha are unlikely to be found. There is a weak
relationship between canopy cover and basal
area. Normally, anything with basal area > 25 sq.
m/ha would have a canopy cover percentage > 8()
percent, Sites with a basal area < 10 sq. m/ha
would probably have an open canopy (< 50 per-
cent).

.5 CHOOSING THE APPROPRIATE
THINNING OPTION FOR SHRUBS AND
TREES

The results of visual assessment or measurement

will enable you to answer the following questions

(modified from Figure 3.2). If the answer to one

or more of the questions is ‘ves’, then an appro-

priate management activity, or combination, will

need to be selected.

®  Isthe canopy cover (crown cover) greater
than 50 percent?

®  Isthere a tree canopy but no shrub layer
or ground vegetation cover?

k==
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Figure 3.3: Determination of pruning and thinning

e
AsSSESSMENT CRITERION

ALTION REQUIRED
Doesa study of the shrub and tree canopy
show that thare is not enaugh light penetrating
ta allow grass fo grow undemneath?

f*yes’, hen prune fully and address the naxt quesifon.
1m0, then re-assess the situation in one yesr.

Has the-canopy beer opened anly by cutting
off branches?

If ‘yes', ther anly pruning was requirsd.
Irne, then thinning is also required.

Can lhe treeg withsland pollarding or
coppleing (see boxas opposite 7

If ‘yes!, usa po#ar&.fng where grazing s & problem;, or sslection tinning.

If grazing can ba coptrolled or is nota probilem, then use coppicing or
selection thinning.

If 'no’ then sataction thinming is required (fe where shrubs or frees are cut off
Just above the ground and are not axpected to re-grow)

® s the tree canopy mostly of a single species
ormore or less even-aged?

® ' Docs the tree canopy have dead orunhealthy
trecs in it, orare there leaning rrees?

® s the site fully stocked or overstocked with
trees?

large, marure trees only, branches can be removed
up to two-thirds the total height of the tree.
Branches must be cut cleanly, using sharp
tools. They are cutas close to the trunk as possi-ble
without causing damage, starting with the
branches nearest the ground and moving
upwards, Where the branch is more than 50 mm
in diameter, a small cur should be made undet-
neath the branch first, before removing it with a
cut from above. The bark should never be torn:

® Arc there large heavy-crowned trees
(especially on steep slapes)?

In every case, pruning should be carried out first

of all. The bottom branches, up to half the total
height of the shrub or tree, should be cut of f. Tor

this can damage the plant badly.
Once pruning is complete, vou will need to

Visual skills
The bestway to build your visusl skills for

aAssessing canopy perceniage or stocking is
o practica. Try going inlo differentsites and
assessing these indicators, firstvistally, and
then by measurement. Rememberta try this
al different times of year. You should find
thal your estimates gradually increase in
acouracy

How to use a spherical densfometer
» Haold the instrument level in frant of the
body and at albow height with your head
just outzida the gridarea.

« Assume4 equi-spaced dols in sach grid
square, Courlt the number of dots in each
guarter-square that lig in canopy openings:
» The total numberof dots will give the
percentage area nol oocupeed by canopy
Subtract this from 100 ke give the canopy
perceniage.

» Make four readings from agch spot facing
north, south, east and west, and fake the
average reading ol these.

How to measure basal areausinga
wedge prism ™

« Hold the wedge prism horlzantally, zt
arm's length, with one of the flat sides
held to the front,

» Lodk thraugh fhe prism atthe nearest

How to measure stocking using
measuring plots

= L gy oul 8 square or circular plot of known
size and calculata the plot area (ha):

tree. it the image tf the tree as seen
through the prism s displaced by more
than the diameterof the tree, then donot
count the tree. I the imags is less than
thetree diameter (Le, there is overlap

= Measure the diameler at breast height
(1.2 mabove ground level) of all reas in
ihe plot;

= Calculate ihe basal area of each tree
using the formula A = 7 r* where A is the
area and ris the radius of the tres at breast
helght.

wCalculate the total basal area of &l Lhe

betwesn theimage as seen through the
prismand the actual view of the stem)

ther court the tree as ‘in’

« View all traes in a circle from the
measurement point counting those that arein’
trees in tha plot {mé). After a full circle has been viewed, the basal
«Calculate the basal area per hactans
usingthe known plot size.

wCa|culake the number of stems per
heclara,

area (miha) is calculated by the pnsm factor
{writter an the prism) multiplied by the number
of rees counted.

* The Geo-Environmental Linit can supply the
instrument required
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Figure 3.4: Diagrams showing the results of pruning

¢

A. Pruning: normal case for shrubs and trees

Before pruning (h 2 4 metres)

Before pruning

consider whether the site needs to be thinned,

and if so, what sort of thinning, Decide this by

asking rhe following question:

®  Has pruning opened the eanopy enough
to allow sufficient light for grasses to grow
under the trees?

Species known to pollard

Shrubs/small trees

ambak, areri, armalito, assuro, bainsh, chiya,
dhanyero, dhusun, ghurmiso, kimbu, kunyelo, namdi
phul, nil kanda, rahar, sajiwan, simali, tilka

Large trees

acacia (A. auricufiformis), bakaino, bange kath, banjhi,
champ, dabdabe, deshi katus, dhale katus, gliricidia,
ipll ipil, jamun, kadam, kalo sirfs, kangiyo, kapur,
khanyu, khari; khasru, khayer, koiralo, lahare pipal,
lankuri, mashala, musure katus, nebharo, neem,
okhar, painyu, patle katus, phalant, rato siris, sahijan,
sal, sisau

MAINTENANCE OF VEGETATION

After pruning branches lo
half total tree height ('/:h)

B.- Pruning: mature (old) trees only

L After prning branches to
two-thirds total height (*/:h)

[f“ves’, then the operation is complete;
if 'ney’, then thinning is needed.

When thinning, there are three options:
pollarding: a treatment in which the main
trunk of a tree is cut off, usually two to three
metres above the ground, w allow new,
smaller, shoots to grow: this allows new
shoots to grow out of the reach of prazing

Species known to coppice

Shrubs/small trees

areri, armalitc, assuro, bainsh; dhanyero,
dhusun, ghurmise, kimbu, kunyelo, namdi phul,
nil kanda, rahar, sajiwan, simali, tilka

Large trees

bakainn, banjhi, champ, dabdabe, deshi katus,
dhale katus, gliricidia, ipil ipil, jamun, kadam,
kalo siris. kapur, khanyu, khari, khasru, khayer,
koiralo, lahare pipal, lankuri, mashala, musure
katus, nebharo, neem, okhar, painyu, patle
katus, phalant, rato siris, sahijan, sal, sisau



Before thinning (h = 4 metres)

After thinning (50% canopy removed)) |

B. Combined thinning and pruning |
i i

Before treatment

animals, bur nor all plants will tolerate this;

@ coppicing: where the trunk of a tree is cut off
about 300 mm above the ground to allow
new shoots to grow from the stump, but not
all plants will tolerate this; and

® scleetion felling: where the runk of a tree is
cut off about 150 mm above the ground, and
it is not cxpected to shoot again.

‘The ability of a shrub or tree to coppice or pollard
depends on the vigour and growth characteristics

specia s“{ note t

ta mixture of

After thinning and pruning |
(50% canopy removed; pruned to /2Ry
i

of the species. Plants commaonly lopped for fod-
der will mostly tolerate it. All those grown from
hardwood cuttings will certainly tolerate ir, Some
plants, such as utis (Afnus nepalensis) will coppice
only under ideal growing conditions but other-
wise will die; it is unlikely that eondidons in road-
stde areas will be sufficiently good to allow this.
With many species, large and older trees do not
coppice as well as voung trees. In these cases,
selection thinningis a better option than relving
on coppicing,

spaced close to each other

remain, and slash the bark of those

which should be removed (once you

fa'm':-'sure)' according to the following

criteria.

1 Remove all dead, dylng, fallen,
diseased or seriously damaged

trees.

2.Next remove trees of unwanted

~species should be retained if
possible).

3.Next remove trees of bad shape
(crooked, unevenly branched,
efc), Note that straight stems are
not necessarily required for bio-
engineenng purposes

. 4.Next remave lrees thal are

5.Mext remove lrees with large
CIOWNS

6.Finally, select remaining trees to
leave & variety of sizes and
ages, forming only about 33 to
50 percent of the original
canopy. i
All unmarked treas can now ba

 removed.

ROADSIDE BIO-ENGINEERING



The box on page 87 lists the species known to
coppice and pollard readily. In addition, the tables
of species in Annex B of the Site Fandbook
page 130, give details on coppicing and pollard-
ing potential, as far as they are recorded, for the
bio-engineering trees.

The main advantage of coppicing and pol-
larding is thart it creates a shrub or tree with an
extensive rooting svstem but relatively lirtle
weight above ground. This means that the plant
provides the optimum reinforcement, anchorage
orsupport, without surcharging the slope. In cer-
tain cases, it is possible that the roots die back
when the plant is cut above ground, bur this is
not well researched, eertainly in Nepal. Pollarding
also has the advantage of the new shoots emere-
ing beyond grazing height.

If the species that require thinning will toler-
ate coppicing or pollarding, then the engineer has
a choice of practice, and the choice can be lefi to
the discretion of the individual. The simplest sys-
rem, however, is to use sclection thinning and
remove enough plants to open the canopy.

The questons-and-answers in Pigure 3.3 sum-
marise the selecdon of management options to
increase light penctradon through the canopy by
using pruning and thinning operations. For other
purposes (cg. removal of weight surcharge), then
the most appropriate solution can be chosen
according to the particular specics and site.

Once the thinning option has been chosen, go
through the site slowly and decide which trees
must be cut (see box on page 88). The aim should
be to remove 50 to 67 percent of the canopy.
When marking the thinnings, also look at the
ground vegetation. If there arc younger trees and
shrubs (regeneration), then it should be possible
to remeove trees from rhe main canopy to allow
them to develop,

Every site must be assessed individually and
itis not pussible to make precise rules. Engineers
and overseers will learn from experience what is
the best range of options to use in each location.

The actual process of pruning and thinning is
described in Section 5.4 of the Size Hand oo & (page
121). Figure 3.4 gives diagrams of forests before
and afrer pruning, and Figure 3.3 before and after
thinning.
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3.6 FURTHER CONSIDERATIONS IN
THINNING SHRUBS AND TREES

General

All pruning and thinning operations should be
carriecd out between Poush and Falgun (mid
December to mid March), when there is little or
no egrowth.

Regular light pruning is better than infrequent
heavy pruning,

Pollarding in the simple sense is unecommon
in Nepal. More usual is a combination of pol-
larding and lopping where all branches are
removed, leaving a single, more or less bave stem,
This system is very similar to the fodder lopping
carried our by farmers on their private trees. Lt is
anacceprable alternative to pollarding

It is better to coppice (and presumably also
pollard) a group of trees together, rather than
individual trees within a plantaton or forest. If
single trees are coppiced, the intensity of light on
the cut stump is usually not great enough to
encourage very vigorous regrowth. In these cir-
cumstances, the stump may die, or only put out
weak shoots. If a larger gap is created (a ‘coupe’),
the increased light will give more vigorous
regrowth,

Products

Firewnod is the main product from pruning oper-
ations. Bur very little firewood will be produced
from plants that have been regularly pruned for
several vears,

A range of sizes of poles will be produced from
thinning, suitable for many uses (building,
tences, ero).

Much of the cut material will be suitable only
for firewood if plants are not straight, or if they
are an unsuitable species for timbet.

Limitations of pollarding and coppicing

Pollarding and coppicing may be less successtul
on very dry sites. Also, large and old stems often
coppice poorly.

If many shoots grow up from a pollarded
stump, they may need to be removed after about
five years. Otherwise, the canopy will become
dense again, or the plant will again SIOW 160
large.

About five years after coppicing, a process of




*singling” may be required. This is where most of
the coppiced shoots are removed from the stump,
leaving only a xinglc good sten, This can often be
coppiced again in later vears. More frequent cop-
picing will encourage a good root system and
multiple smaller stems will create berter ground
cover. This means that tree species can be man-
aged as large shrubs rather than tall trees.

Some species can only be pollarded or cop-
piced a few times before the plants lose their
vVigour.

Utis forest

Utis (Adnus nepalenses) is easy to establish and is a
familiar tree on rehabilitated land between 1000
and 2500 metres. But varied plantations domi-
nated by utis are difficult to sustain, This is
because utis is essentially a coloniser, rather than
a species thar grows in a climax community (a
permanent forest type). Also, itis often difficult
to encourage a good understorey below utis.
Therefore, in utis forest, thinning should always
aim to remove utis and leave species such as chi-
lavne (Schima wallichrd), katus (Castanopsrs
species) and painvu (Prunus cerasoides), These
species will often appear naturally among uris,
but if they do not appear, it is worth planting
them in gaps in the utis canopy. In Central and
Western Nepal, thinning will eventually change
the site from one of utis to a mixture based on
chilaune-katus. If there is heavy ban mara
(Euparorium adenophorum) invasion, this may
need to be cleared in patches to allow trees to
regenerate or to be planted. Note that utis can
coppice but only in the best sites and usually not
very strongly.

Pine (salla) forest

There are two indigenous (local) pine species pre-
sent in Nepal: khote or rani salla (Pinws roxbughil
below 1950 metres; and gobre salla (Pinus wal-
fichrana) above 1800 merres. In some afforestation
areas there are also introduced pine species, but
these are more limited in range. Pines can be the
best species to establish on many hot, dry sites,
and in places also form impressive natural forest,
Unfortunately, thete is often very little vegetation
underneath and so erosion can still take place in
good pine forest. Therefore other species should
be favoured. Pines should always be removed
if there is a choice between them and another tree,
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If there is no choice, then other species can be
planted. The aim should be for a pine plantation
to be changed to one of mixed other species.

The creation of a less even-aged and mixed
species forest from an originally pute pine forest
is often possible by using narural repeneration. Tf
the pine forest {or plantation) is not heavily
grazed and is protected from fires, regeneraton of
pines and broadleaved species such as chilaune
(Schima wallichi) or tooni { Toona cifiazs) will nor-
mally eceur.

Dry Churia scrub forest

This is dominated by tilka {Wendlandia puberula)
and dhanvero ( Woodfordia fruticosa). These are
both pioneers but can also form a petmanent for-
est type. However, other species should be
favoured and tilka and dhanyero removed if there
is another tree species present. Care often needs
to be taken to encourage ground cover. In the dri-
est areas, babiyo ([ulaliopsis binata) grass is the
only rebust surface cover that will survive.

In theory the climax vegeration community
for these areas is sal (Shorea mbuses) or mised trop-
ical hardwood forest. In practice, however, ir may
take so long to reach this in dry sites that man-
agement should aim to sustain a tilka-dhanyero
scrub forest with a mixture of other species.

Sisau and khayer plantations

Both sisau (Dalbergia sissoo) and khaver (Acacra
catechu) are easy to establish quickly, even on
harsh, open sites. They are often used for bio-
engineering at low altitudes. However, planta-
tions of these species often have littde ground
caver. They should be managed so that other
species are prelencd Eventually, sisau or khaver
should form no more than 50 percent of the tree
population.

Forests on rafo mato

Red clay soils (commonly known as (rato mato),
although there are local variants) often require
special management. They provide poor rooting
conditions for plants, as well as low fertility, and
are highly eradible. They occur mostly at low alti-
tudes and carry sal (Shorea robusta) forest, which
is often degraded. Studies have shown that some
shade from trees is important for maintaining a
ground cover of vegetation, but that too much
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shade impedes the growth of grasses. Itis there-
fore necessary o try to maintain a light or dap-
pled shade. If possible, the surface should receive
sunlipht for berween perhaps two and four hours
of the day during the late spring and summer.
Large gaps in the canopy must be avoided, and
the canopy itself must be kept light. This s prob-
ably best achieved by the regular pruning of
branches. Protection from uncontrolled grazing
isalso essental.

General

The establishment of bamboos often requires
care, but after that their managementis relatively
straightforward.

Most bamboos requite stable, moist condi-
tions for early growth. This means that heavy
mulching is an advantage for abouc the first three
years. Some foresters advocate the use of a ‘nurse
crop’ of trees, where bamboos ate planted in the
shade of existing trees, which are felled once the
bamboo clumps have become established. In bio-
engineering, however, itis mote normal to plant
the bamboos on bare sites and rely on a thick
layer of mulch, which is renewed periodically, to
keep the roots relatively cool and moist. If the rhi-
zomes of older clumps have been exposed by ero-
sion, they should be covered with mulch. See
Section 3.3 of the Site Handbook, page 118 for
details of mulching,

After abour three years, large culm shoots
start to appear from the rhizome. Once this hap-
pens, the plant can be considered to be success-
fully established. It is also resistant to grazing
from this time onwards,

In later years, the large bamboos thrive best
with very little shade from trees. However, the
smaller bamboos, tite nigalo (Drepanostachyum
intermedium) and padang bans (Himalavacalamus
hookerianus) grow best under a light shade, For
these species, therefore, it is best to try to keep a
light eanopy cover.

Thinning bamboo clumps
Large bamboo clumps start to become very dense

after about 10 vears. Itis best to start harvesting
well before this stage is reached, perhaps five vears
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after planting, Culms should be removed annu-
ally, rather than taking many at one time. A
clump is likely to be seriously damaged if all the
culms are cut at once, and so this should not be
done unless itis intended to kill the clump. Up to
25 percent of culms removed at one thinning,
repeated every year, is a useful rule for sustained
produetion; however, for bio-engineering pur-
poses it may be preferable to remove a smaller
proportion, so as not to over-stress the clump,

Most culms should be eut when they are
mature, which means when they are at least four
years old, If matcrial is required for weaving, how-
ever, culms of only two years age can be har-
vested.

Culms must be cut jusr above a node and one
or two full internodes above the ground. This
allows the attached rhizome to shoot again before
it dies. Farmers usually cut the culms close to the
ground to maximise the length of culm, but this
can cause more rapid death of the rhizome from
which the culm is growing,

Thinning should be done in the dormant sea-
son, between Kartk and Falgun (mid October to
mid March).

Culms must be cut from the inside of the
clump, not just from around the edge. Harvesting
from the middle of a dense clump is difficult, but
is essential to keep the whole clump vigorous, and
o encourage it to increase its size. One method is
to cut lines through the elump ro allow access to
the middle culms.

[f large clumps have been neplected, it is best
only vigorous young ones. Grass, creepers and
shrubs should also be removed if they are imped-
ing growth.
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4.1 INTRODUCTION

The Department of Roads is chatged under the
Public Road Act 2031 with the construction and
maintenance of roads. It is therefore required to
undertake this in any way that serves the public
interest.

Four main documents cover the laws and teg-
ulations for the position of the Department of
Roads regarding trees and other forest products.
These are as tollows:

Consttution of the Kingdom of Nepal 2047;
Land Acquisition Act 2034;

Public Road Act 2031; and

Arthik Prashasan Sambandi Nivamharu 2042
{incorporated into Arthik Ain Niyam
Sangraha 2052),

This guide aims to provide a simple reference ro
those laws, as far as they cover the planting and
removal of vegeration in roadside areas. This is
not a legal document, and if the reader is in any
doubt, he or she should seek further advice.

Vegetation in roadside areas must be managed
as part of routine, recutrent and periodic
maintenance operations. The main reasons for
this are to maximisc the bio-engineering potential
of the vegetarion, to ensure that trees do not
become too big and destabilise the slopes on
which they are growing, and to give useful
products,

The removal of trees from road reserves is 2
good thing if it is for one of the reasons above
and if it is done properly. Trees are normally
managed for economic reasons and there is no
pointin planting them if they are not cut dawn
and used later. However, if a tree is cur, it ghould
normally be replaced by a number of new planrs.
It is essential that a good vegeration cover be
maintained in the road reserve,

4.2 ROADS AND THEIR OWNERSHIP

The roads of the strategic network (4¢. Rajmargs
or highways, and feeder roads) belong to Tis
Majesty’s Government of Nepal. The
Department of Roads is responsible for all
activities regarcing the construction, maintenance
and management of the roads, unless over-
ridden by a higher authority (either the Cabinet
or the Ministry of Works and Transport).

THE LAW AND ROADSIDE VEGETATICN

His Majesty’s Government may acquire land
for public property (e.g: roads) only ifitis in
the public interest.

Constitution of the Kingdom of Nepal 2047,
Article 17(2)

Compensation must be paid on the acquisi-
ton by His Majesty’s Government of any pri-
vately owned land.

Constitution of the Kingdom of Nepal 2047,
Article 17(3)

The processes of acquisition and compensa-
rion are given in a special law,
Land Acquisition Act 2034

A ‘public road’ is any road that is not owned
or used privately. The definition of a ‘public
road’ includes everything associated with it,
such as bridges, culverts, footpaths, erc

Public Road Act 2031, Section 2(A)

The ‘road boundary” is defined. It includes
the road itself and the areas to fight and left.
Public Road Act 2031, Section 2(B) Secton 3

His Majesty’s Government can classify any
road as a Highway, Feeder Road, District
Read or Urban Road. It may fix the b undary
to a maximum of 31 metres on either side, It
can also change these boundaries on account
of topography or habitation.

Public Road Act 2031, Section 3

In pracrce, ‘Tis Majesty’s Government” means
the Cabinet. Onee the Cabinet has decided on a
toad and the width af the road boundary (or road
reserve), this land becomes the responsibility of
the Department of Roads. If the road crosses
Government forest land, then this decision effec-
tively means the land has been transferred from
the Department of Forests to Department of
Roads. From this point, Department of Roads has
authority over everything within the boundaties
of the road. This includes the use of trees and for-
est products on that land.

Where the ownership of roads is not regisrered
with the Department of Roads, the Division Road
Office should rake all steps to ger it registered.
This will enrail close collaboration with the local
offices of the Department of Tand Survey (Nappi
Bibhag) and the Department of Land Revenue
(Malpot Bibhag).

=
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4.3 THE OWNERSHIP OF TREES IN THE
ROAD RESERVE

Laws applying to trees generally cover all other
forest products” as well, unless they are covered
by another specific law. So under the same head-
ing as ‘trees’ come grasses, shrubs, fruits, erc.,
grown as a perennial (Ze. long term) crop rather
than as an annual agricultural erop.

The Department of Roads may plant trees
along the sides of the road, on land within
the road reserve,

Public Road Act 2031, Section 16(1)

In areas around road boundaries (but not
within the road reserve) the appropriate
Village Development Committee or
Municipality has the dury of protecting trees.
Public Road Act 2031, Section 16(2)

The Department of Roads is responsible for
the thinning or removal of trees that create
an obstacle to taffic.

Public Road Act 2031, Section 16(3)

The Department of Roads can delegare all
powers to planL, protect and cut trees in the
road reserve to any petson ot institution,
Public Road Act 2031, Section 16(4)

The Depariment of Roads can allow a Forest User
Group to plant and manage trees on road reserve
land. However, only the Department of Roads can
use the products from that land. It cannot allow
User Groups to use forest products (see under
Drisposal of forest products, Section 4.5),

The law governing forests states that other
laws prevail over matters not otherwise men-
doned in that Act. There is no mention of
trees on road reserve land in the Forest Act.
But there is in the Public Road Act Therefore
the Public Road Act applies to all matters
relating to trees on road reserve land,
Forest Act 2049, Section 73

Public Road Act 2031, Section 16

All forest land other than that which is pri-
vate, is owned by His Majesty’s Government.
However, once it is defined as part of a road,
that land and everything on it is transferred
and becomes the responsibility of the
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Department of Roads. All trees and forest
products must be managed by the
Department of Roads (unless it was stated
at the time of transfer that they will be
managed by the Department of Forests).
Forest Act 2049, Section 67

Public Road Act 2031, Sectons 2 & 3

ey
4.4 POWER DELEGATION

The delegation of power is essential to allow work
to be undertaken by the Government, There is
provision for any civil service officer to represent
the Government in actions taken under the law.

His Majesty’s Government may delegate any
of all power of the Department of Roads to
any authority. This authority can he a
Division Chief or any individual officer,
TPublic Road Act 2031, Secuon 32

4.5 DISPOSAL OF FOREST PRODUCTS

Trees and their products within road boundaries
belong to the Department of Roads. Being the
owner of such forest products, the Department of
Roads can either use them itself or sell them.
There is no provision under the Public Road Act
for the disposal of forest products. Therefore the
normal procedures of His Majesty’s Government

apply.

As a branch of the Government, the
Deparmment of Roads must use the
standard regulations and procedures for
disposing of property. So it must complete
the full process of Government tendering,
Arthik Ain Niyam Sangraha 2052

e
4.6 REMOVING TREES ON LAND

ADJOINING THE ROAD RESERVE

[fa person has left or thrown anything on a pub-
lic road, the Department of Roads may issue an
order in that person’s name to remove that thing
from the road. If the concerned person does not
remove it, the Department of Roads may take that
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thing into its own possession and has the power
to temove it from the road.

There is also provision for the Department of
Roads to remove trees that obstruet rraffic.

If any tree or its branches on land adjoining
the road reserve disturbs traffic, the
Department of Roads may issue an order for
them to be removed within a reasonable
time, If the order is ignored, then the
Department of Roads may remove them,
Public Road Act 2031, Section 18

If any tree or its branches on Gaovernment
forest land adjoining the road reserve dis-
turbs traffic, the Department of Roads may
write to the Department of Forests requesting
them to be removed within a reasonable
dme, If the order is ignored, then the
Department of Roads may remove them.
Public Road Act 2031, Section 18

4.7  DISPUTES RELATING TO TREES

The general rule is that the land owner has the
full right to use his land as he wishes. This means
that the Department of Roads has full authority
over the planting and felling of trees on road
reserve land. This cannot be interfered with by
other bodies, even those empowered to acquire
land in the public interest. Land acquired by the
Government cannot be transterred to another
purpose,

However, the Department of Reads should
also respond in a reasonable way to requests from
other branches of Government or national sup-
plicrs of services (eg the Nepal Electricity
Authority) for permission to remove trees.,

The law prohibits the construction of access
roads from public roads, or digging to make
drains or build houses or sheds, or do any-
thing on the public road boundary without
the permission of the Department of Roads.
Action can be taken to stop these activities
and remove anything constructed.

Public Road Act 2031, Section 19

There is provision of punishment by fine for
the violation of Section 18 and for the cut-
ting of trees planted under Section 16 (of the

THE LAW AND ROADSIDE VEGETATION

Public Road Act), The fine may be up to
Rupees 2,000 for cutting trees.
Public Road Act 2031, Section 18

As a branch of His Majestvs Government, the
Department of Morests has no right over the plan-
tingor felling of trees in the road reserve, without
the permission of HMGN. This applies to all
Government Departments as well as to individu-
als or national institutions, such as the Nepal
Llectricity Authority.

The Nepal Electricity Authority (NEA) is not a
branch of the Government. As a Corporation,
it has the status of a legal person, The
Department of Roads can give the authority
of planting or felling trees on road reserve
land, with terms and conditions, to the NEA.
But only the Department of Roads ecan sell
the products.

Public Road Act 2031, Section 16(4)

I cases of timber theft from road reserve land,
the Department of Roads should treatit as a crim-
inal case and inform the police. There is no pro-
vision for this under the Public Road Act, and so
the general laws are followed. The Department of
Roads should issue a First Information Reportto
the police. This would include the nature and
date of the crime, the amount of loss and, if pos-
sible, the name of the suspect and any other rel-
evant information. It is then the duty of the
police to investigate further,

==l
4.8 THE PROCEDURE FOR REMOVING
- TREES

Trees and their products within road boundaries
belong to the Department of Roads. Therefore the
Department has absolute power over the use of all
trees within legally defined road reserves.

The process of removing a tree is straight-
forward but cach of the steps below should be
followed carefully in order to avoid misunder-
standings.

1 The tree(s) to be removed should be identi-
fied. There must be a valid reason for
removal, Such reasons might be as follows.
® The tree is dead and may fall down.
® The tree is obstructing traffic or drivers’
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sight lines.

® The tree is surcharging a steep slope.

@ The tree is too big and unstable for the
slope on which it1s growing,

® The tree needs to be cut as partofa
recurrent maintenance thinning
programme. This will allow more light to
penetrate and help the understorey grow,

® The tree needs to be cut so that coppice
shoots will come from the stump.

® The tree needs to be cut to allow widening
of the road.

A letter should be sent to the local District
Forest Office. This will inform the DFO) that
Department of Roads s felling a tree or trecs.
It is not a legal requirement, but may help to
avoid misunderstandings with the
Department of Forests. An example of
such a letter is given in the box opposite,

All necessary action should be taken to fell
the tree. This will normally be done cither by
direct labour or by contract. In any case,
normal HMGN procedures must be followed,
The DFO can advise on this if necessary.

At the time of felling, ensure that all
necessary safety requirements are in place. 1f
in doubt, request the Traffic and
Iingineering Safety Lnit for advice.

Have the tree felled and cut into sections.
Store the products safely in the nes west
Department of Roads camp.

Either use the products (e as firewood for
melting bitumen) or dispose of them
according to normal HMGN procedures
{Sections 39 to 41 of the Arthik Prashasan
Sambandi Nivamharn 2042), This should be
done within six months of felling, After this
rme, the products deteriorate and lose value.

Example of a letter to the Department of Forests
informing the local District Forest Officer of the
intention to fell a tree.

Felling of sal (Shotea robusta) tree by the
Department of Roads.

There is a sal (Storea robusea) tree sitvated on top of the
road cut slope at km 72 (from Kohalpur) of the Ratna
Rajmarg. The tree is dead and of no value as timber. Itis
giving rise to a weight surcharge to the slope in the vicinity
of the southern anchorage point of the Bhen suspension
bridge. There is a serious danger that the wee or patt of it
may fall into the road, and so it forms a hazard to road
users. It is also contributing to slope instability. 1t lies
within the legal right of way of the Ratha R'I]m’u:;_,

The Department of Ro«ad\, Mid Western Region Division
Road Office Number 4 (Chhinchu) will remove the tree
and dispose of it in accordance with the laws and
regulations of His Majesty’s Government of Nepal within
the current Fiseal Year. Tn removing the tree, the
Department of Roads is fulfilling its obligations under
Sections 16(3) and 16{4) of the Public Road Act 2031,
which is applicable in this casc as stipulated in Section 73
of the Forest Act 2049. The wood from the tree will either
be used by the Department of Roads for its own
requirements or will be disposed of in aceordance with
Sections 39 to 41 of the Arthik Prashasan Sambandi
Nivamharu 2042 (as incorporated in Arthik Ain Niyam
Sangraha 2032),

The purpose of this letter is only to inform the
Department of Forests of the intended action by the
Department of Roads, to avoid any misunderstandings.
Please also be informed tharin this Fiscal Year, Chhinchu
Division Road Office will be planting more than 100,000
grass plants and over 10,000 shrub and tree seedlings in the
road reserves under its bio-engineering programme.
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51 INTRODUCTION

Itis important that the roads of the strategic road
network are managed in ways that promote
development, both locally and nationally. tis the
responsibility of the Department of Roads to
ensure thatits operations arc not harmful to peo-
ple or the environment.

Road neighbours is a term used to describe all
people living near roads. As they are affected by
roads, they are stakeholders' in the roads. They
have an interest in how the roads are managed
and maintained.

These guidelines deal only with road neigh-
bours in rural areas, notin towns or commercial
bazaars. Rural road neighbours are usually known
as ‘local people’; they are mainly farmers, living
either in scattered farm houses or in villages with
an agricultural economy.

The relationships between the Department of
Roads and rutal road necighbours are often
strained by conflicts. This is usually because the
Department has built a road through a rural area
without paying enough attention to the people
who live there and the way in which they use the
land. Roads are a relatively new feature in the
landseape and they do not always fit well. Few
have been built with proper consideration for the
local economy of the terrain which they cross.

Also, many rural communities are experienc-
ing a good deal of change even without the com-
ing of roads. Populations are rising fast in rural
areas, and the fertility of the land is declining,
This has led to over use and increased pressure on
many agticultural areas .

Environmental degradation is therefote caused
both by roads and by people living in rural areas.
If this trend is to be halted, then the Department
(as a body of central government) must rake the
initiative to halt it.

The strategic roads cannot be managed by
rural road neighbours. The Department of Roads
must manage them. However, there are often
conflicts of interest on the slopes adjoining roads,
This is where there is scope for joint work
berween the tural road neighbours and the
Department. There follow some considerations
to bear in mind when working with rural road
neighbours and some practical guidelines on how
staff of the Department of Roads might move
forward.

At this stage, the involvement of rural road
neighbours in the management of roadside land
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is nota policy issue. These guidelines are designed

only 1o help staffin specific situations where this

option would be advantageous to the

Department.

5.2 GENERAL BACKGROUND ON
COMMUNITY DEVELOPMENT

What is ‘community development’?

Community development is the involvement of
people in development actvities at the local level. Tt
1s a general term covering many procedures. People
may be involved in organised groups or as
individuals. This section looks only at the use of
rural resources by communities.

The use of community approaches in devel-
opment has been very successful in many cases. It
works by raising awareness among people of what
development inidatives can offer, and by giving
people responsibility for improving their own
living conditions. These ate often the trig-gers
required to enable people to work positively for
change.

Background

Over the past 20 years or so, community
approaches have contributed to many successes in
rural development . Mostly, these have built on
traditional community structures for the man-
agement of local resources. Often they have been
more successful than the original management
systems because they have invelved a wider range of
people than were tradittonally involved in
management (such as low-caste groups). They
have reversed a number of failed artempts at man-
agement by central government.

The main areas where these community ini-
tiatives have been successful are in forestry, agn-
culture, irrigation and, to some extent, local roads.
Allof these are involved in resource man-agement
at the village level; normally on a ward level, rather
than a VDC level.

A number of major requirements appear to be
nceded for a successful community management
mitiative. These are as follows:
® A vested interest for the community in

managing the resources;
® Resources of a scale and type that can be

managed at the village level;
® Appropriate legislation and government
support atall levels;

' A stakeholder

Is any person,
group or
Institution that
has an interesl
in the activity in
quastion. It
Includes both
beneficiaries
and those who
lose oul, as
well as those
involved in or
excluded frem
decision-
miking
ProCesses
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Road neighbours
can benefit from
community
management of
roadside

plantations,
Members of this
forest user group
sharethe
firewned frema
roadside
plantation

® Anagency supporting and enabling the
communities in their work;

® Subility of the system to allow long term
vision and investment by the community,

Example of community forestry

The forest sector is often considered to be one of
the most successtul in this area, Tn ordet for com-
munity forestry to be undertaken on a broad
scale, a completely new Forest Actwas required,
the Department of Forests had to re-train a large
number of staff and completely revise its working
practices; as a result, communitdes with the right
scale of forests nearby have been able to manage
their own resources.

Community forestry aims to meer the basic
needs of all rural people for forest products.
Forests that are mismanaged become degraded:
thesc are a familiar sight in Nepal. They are usu-
ally ‘controlled” by certain local people (the more
powetful individuals in the area). These people do
not have the capacity to manage the forest prop-
ety If a rapid attempt is made to set up a Forest
User Group, only these ‘controllers’ are repre-
sented. The unrepresented people will continue
causing the mismanagement, which led to depra-
dation in the first place.

Therefore, it is necessary to identity all actual
and potential users, who must then be brought
together info the Forest User Group. This entails
consulting every household in the area. It is often
necessary to bring people together in the Forest
User Group who have never co-operated before.
Successful Porest User Groups are frequently
entirely new to the area in terms of their compo-
sition of people. They are all the people interested
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in the forest, irtespective of caste, wealth or sta-
tus, In many cases, the establishment of a Forest
User Group represents a big assault on existing
local power relationships,

Under the Department of Forests, the process
of extension depends entirely on the Forest
Rangers. These staff had to be re-trained and re-
oriented into their new jobs. In many areas, the
success of community forestry relies heavily on
the skill and interest of these people.

General principles of working with
communities

There is no prescription for working with com-

munities, but some facts are now well esmblished.

® A positive, sympathetic approach yields better
results than one based on confliet and
negativity.

® A government authority must be beyond
reproach if it is to convince the public to be
positive towatds 1t. This means that it must
fulfil its legal obligations and should be
reasonably transparent in its operations.

® Public-funded bodies should be humble (gg
‘we arc here to serve you') while still retaining
authority to manage public works in the
national interest.

® The more communication there 15 between
stakeholders, the better 1s the relationship.
Communication should not just be started
when there is a problem.

Limitations

Notall resources can be managed by rural com-
munitics. There are many forest areas, which can-
not be, for example. Thete are few examples of
successfully established community roads; and
for those which exist, doubt remains over their
long term sustainability.

All community development initiatives require
large inputs by specialised staff. Without an
understanding of the process, or time to build up
the relationships that are required, o continuity
of involvement, efforts in this direction may be
wasted.

For the Department of Roads, the provision
and maintenance of the strategic roads wall always
be a function of central government. But rural road
neighbours can be involved in managing the fringe
areas, such as the vegetation on slopes close to
roads.
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53 WHY WORK WITH RURAL ROAD
NEIGHBOURS?

Roads and theit neighbouts do not always exist
in harmony. Often the acrivities of one atfect the
other.

Problems caused by roads to rural road
neighbours

The construction and subsequent operation of

roads through rural areas in steep terrain have

considerable effect on the people living beside

them. These include the following:

® loss of land (sometimes with no
compensation paid};

® damage to agticultural and forest land by
CONSTIUCTIOnN;

®  debris falling on to agricultural land,
sometimes covering it complerely:

@® interruption of irrigation systems;

® re-activation of gullies and landslides by al-
terations to slope stabiliry and drainage;

® interference to drinking water supply
5}'5!’.@1]"[5;

® naise, dust and social pressures.

Problems caused by rural road neighbours

to roads

Particular problems identified on mountain roads

are:

® cxtensive over-grazing of roadside slopes
resulting in removal of vegetation and
physical damage to the slope sutface;

® cultivation, without terracing, on steeply
sloping terrain (up to 407 slopes);

@ cultivarion to the very edge of terraces and
cut slopes;

® uncontrolled quarrying of stone from road
cut slopes;

@ constructon of houses on unstable land
immediately above the road;

® poor construction and maintenance of leats
(irrigation channels), allowing large amounts
of water to seep into slopes adjacent to road
cut slopes,

All of these practices can damage the road under

certain conditions. At the least, they add ro the

burden of road maintenance. They are caused by

one or mote of the following:

@ lack of interest in the maintenance of public
property;
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® absence of choice to use better practices in
marginal situations;

® ipgnorance of the risks of carcless practices to
the environment;

® deliberate neglect of public property in the
pursuit of short term gain.

This scenario is not in anyone’s interest. Things
can be improved if there is better understanding
between each interest group (£.e between the staff
of the Department of Roads and the rural road
neighbours). This requires communication on the
basis of mutual benefit. It can lead to a sharing
of responsibility for the problem, rather than a
continuation of blaming each other.

The stabilitv of roadside slopes will only be
improved when the Department of Roads works
with local people rowards better land manage-
ment.

54 COMMUNITY INITIATIVES IN THE
ROAD SECTOR

Experience from the Koshi Rajmarg

A series of projects has maintained the Dharan-
Dhankuta-Hile-Basantapur roads from 1984 un-
tl 1996 and 1997. Among the innovative ap-
proaches tested to find the best ways of improv-
ing slope stability and slope protection, was an
‘extension programme’’ .

The project extension effort consisted of a
small programme run over a number of years.
Only two to four staff were employed. Their job
was to raise awareness among the rural road

Heavy grazing
seriously
inhibits
vegetation re-
colonising bare
surfaces

YA extension
programme is a
plarned
procass of
raising
awareness of a
ceriain topic
over a wide
area_ inrural
development,
this approach Is
often used o
extend
understanding
of particular
subjectz or
apportunities.
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neighbours of the issues coneerning the
Department of Roads. They encouraged the farm-
ers to manage their land in ways that reduce ero
sion and shallow landsliding, They disttibuted
grass slips and tree seedlings from the bio-engi-
neering nurseries for planting on land that can be
mproved. They assisted the people to tap the
development resources available to them, for
example through the Departments of Forestry
and Agriculture.

A study of this work in 1996' showed that
the programme had been successful in many ways.
For example:
® The road, drains and slopes above and below

the roads were found to be well maintained

throughout the section.

® A large number of trees and grasses were seen
planted in both the road reserve and the road
corridor (the wider area affected by the road).

® Many local people appreciated the project’s ef-
forts for roadside slope protection with the
collaboration of road neighbours.

® The extension programme seemed to be
successful in making the road neighbours aware
of the mutual advantages of roadside slope
protection by planting vegetation in the road
reserve and road corridor.

The programme operated on the Koshi Rajmarg
seemed to have been successful in helping to
meet the project’s objectives. It enhanced the
condition of the slopes significantly. This reduced
the costs of road maintenance while assisting the
farmers.

5.5 HOW TO COLLABORATE WITH
~ ROAD NEIGHBOURS

What areas of land?

Any areas of marginal (Ze. uncultivated) land in,
or close to, the road reserve.
Any land that needs improved vegetation
cover for better erosion protection and stability.
Very steep and unstable areas should be main-
zuned onlv by the Department of Roads using stan-
chrlprocediures

What might be achieved?

Warking with road neighbours could eventally
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lead to:

® rcspect for public property and therefore
and end to damage caused through
thoughtlessaess or contempt for the
‘establishment’.

® cexclusion of grazing animals from steep
roadside slopes.

® carcful community management of
vegetation in the road reserve,

Ideally, people should manage their own land
carefully where it adjoins the road reserve. This
means, for example, very careful management of
leats (kulos) and irrigation water; no cultivation
on steep slopes, but only on well maintained ter-
races; larpe prasses (e,g amliso, khar and babiyo),
small trees and other perennial crops used wher-
ever possible, especially on terrace edges and ris-
ers; no throwing of debris down slopes on to
roads; no excavations just below roads.

Farmers should ideally benefit from their prox-
imity to the road. They should gain from devel-
opmental inputs and their ease of reaching
markets. [f they can be helped to manage their
land better, it would almost certainly help the
Department of Roads as well. In general, long-
term profitable forestry and agriculture benefit
everyone. This is because they use careful and sus-
tainable merhods of cultivation.

Who should take the initiative?

The Department of Roads must take the inidative
in establishing a working relationship with rural
road neighbours.

To do this means committing a considerable
input of staff time and energy.

What criteria must be met?

If the Department is to work with road neigh-

bours, then all of these criteria must be met,

® 'The area of land must be clearly defined and
agreed.

® [ull agreement on the management of
vegetation must be made, in a way that is
acceptable to all partes to the agreement.

® All users of the area must be represented.
Influential people may resist the involvement
of disadvantaged groups. However, success
will nat be achieved unless everyone using
the area is involved. The interests of the
poorest secrion of the community must be
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especially safeguarded.

® The Department of Roads’ interest in the area
must be cleatly stated. Onee agreed, the
course of action must be fallowed according
to plan. Clear rules for compensation must be
agreed, in case the Department of Roads has
to cancel the agreement: for example in the
case Of road widening requiring the re-
cutting of slopes.

® There must be clearly defined reasans for the
rural road neighbours to be involved in any
joint work,

® There must be clear benefits for all of the
patties involved,

How to approach local people

Use a friendly approach. Be humble, norauthori-
tative.

Involve evervone, Do not take the word of
local leaders that all people are involved without
double checking,

Follow the Code of Pracace Concerning Roads
and Ohther Land Uses (piven in the Site Handboofk,
page 125 ): behave well and consistently.

Utilising the Department of Roads’
resources

Distribute plants from Deparmment of Roads bio-
engineering nurseries.

1f they can be justified for maintenance rea-
sons, carry out civil works to assist the needs of
the road neighbours.
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Utilising the resources of other agencies

Fincourage the rural road neighbours to find out
what is available for them from agencies such as:
Department of lotests;
Department of Soil Conservation;
Department of Agriculture;
Department of Horticulture;
Agricultural Inputs Corporarion;
research centres;
projects and NGOs,

Check these agencies yourself to see what they
offer. Discuss their policies of working close o
roads as opposed to remote areas. Ask them to
support vour plans if this is appropriate.

Examples of good collaborative work with
rural road neighbours

[n this section are given some examples of gond

work by rural road neighbours in support of slope

protection and stability. In many cases they were

assisted by a road project, butin some cases the

initiative was entircly by the road neighbours

themselves.

® Planting of large clump grasses on road cut
slopes to provide useful products. Common
examples are amliso, khar, babiyo and napier
(respectively, Thysanolacna maxima, for
broams; Cimbopogon microtheca, for thatch;
Fiutaliopsis binata, for fibres; and Penniserum
putpureu, for fodder).

® Planting of fodder trees seedlings on terrace
edges above the road. Fodder trees are lopped

Informal

discussions with
road neighbours
are essential in
building good
relationships (left)

Amliso grass
(Thysanolaera
maxima) planted
extensively asa
cashcropclose to
a road (right)
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Khar
(Cymbopogon
microtheca)
sown as part of
aprogramme
to rehabilitate
agravel quarry

regularly and so do not surcharge the slope.
Planting of a mixture of trees and grasses
aloeng road cutand fill slopes, and on terrace
edges above the road. Examples are: uds and
napier (Alrus nepalensisand Penaisenm
purpareumy); rai khanyu and kikiyu (Frcus
semicordaand Peaatsctum clndesamamy);
khayer and babiyo (Acacia catectiand
Bulaliopsis birata); nebharo and amliso ( Ficus
autenbamand Thysanolsems maxima); and
many more combinations are possible.
Farmers protect roadside vegetation in
exchange for using the grass and fodder
(ghans and dale ghans).

Cultivation of utis and alainehi (A/nus
nepalensis and cardamom) on steep slopes
adjoining roads,

Establishing plantations of sisau on
embankments and other roadside areas,
Seeding of khar on former gravel quarries to
establish khar baris.

Planting large bans clumps along kulos
(itrigation leats).

Planting napier (Penniserm purporéum, a
fodder grass) on old tip sites to provide
‘hanks’ of fodder grass.

Planting banana trees on gentle cut slopes.
Lsmablishment of Forest User Groups to
manage forestareas adjoining the road
reserve as community forests. This is usually
done in conjunction with the Department of
Forests or through the Department of Sail
Conservation.

Fstablishment of other User Groups to
promote different aspects of development
(e rabbir farming) in roadside areas, with
one stated aim being the improvement of
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agricultural land use. This is usually done in
conjunction with other line agencies.

® Planting kimbu (mulberry, Morus alba) trecs
on roadside slopes to provide foliage for
sericulmre,

These are only some of the examples known from
the road sector. Other sectors of development
have numerous good examples of different activ-
ities, which help to strengthen and protect steep
slopes.




*CHAPTER SIX

REFERENCE MANUAL

ey
L

Standard specifications
for bio-engineering works

The standard specifications for bio-engineering works given in this
chapter cover all of the techniques described in the Site Handbook.
They are based on field experience and have been devised on the basis
of standard contracting procedures for works. They follow the sequential
numbers given in the Department of Roads' standard specifications (the
sequence 2800 being assigned to bio-engineering). They are approved
for use by the Department of Roads.
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6.1 INTRODUCTION

The list helow shows the full range of specifica-
tions given in the Deparrment of Roads Standard
Specifications and are approved for use by the
Department of Roads,

2800 PROVISION OF SEED
2801 Grass seed collection
2802 Tree and shrub seed collection
2810 PROVISION OF PLANT CUTTINGS
2811 Provision of grass curtings
2812 Provision of hardwood cuttings
2820 NURSERY CONSTRUCTION
2821  Nursery establishment
2822 Construction of nursery beds
2830 NURSERY OPERATION AND
MANAGEMENT
2631 Nursery production of grass
2832 Nursery production of trees and
shrubs in polypors
2833 Nursery production of hardwood
plants by vegerative methods
2834 Extraction of plants from the
nursery
2835 Compost and mulch production
2840 SLOPEPREPARATION FOR BIO-
ENGINEERING
2841 Slope trimming
2842 Disposal of spoil
2843 Final cut slope preparation for
grass planting and seeding
2844 Final preparation of fill and debris
slapes for bio-engincering
2850 SITE PLANTING AND SOWING
2851 Sowing of grasscs on sire
2852 Direct seed sowing of shrubs
and trees on site
2853 Site planting of grass slips and
cuttings
2854 Site planting of shrubs and trees
raised in polythene pors
2855 Site planting of hardwoocd cuttings
2856 Brush lavering, palisades and
fascines
2857  Use of fertiliser
2860 JUTENETTING WORKS
2861 Supply of jute netting
2862 Placement of netting
2870 WIRE BOLSTERCYLINDERS

2871 FPabrication of bolster panels
2872 Placement of contaur bolsters
2873 Placementof herringbone bolsters

STANDARD SPECIFACATIONS FOR BIO-ENGINEERING WORKS

2880 SITEPROTECTION

2581 Provision and role of site warch-
men

2882  Fabricaton of bamboo tree guards

2843 Placement of bamboo tree guards

2890 SITEAFTERCARE AND MAINTENANCE

These specifications can simply be copied dircery from
this book for use in contraces. They provide for
changes to be specified ‘by the Engineer’ so that
particular sites can be treated on an individual
basis,
2800 PROVISION OF SEED
I. The Contractor shall provide or collecr seeds
of the required species in accordance with the
requirements described hereafter, of the
species and quantities required, as and when
required. He shall supply all necessary exper-
tise, resources and facilities to ensure that
these requirements are met in full, Itis essen-
tial that the seed is of a high quality as it
forms the basis to the success of any hio-engi-
neering programme.,

2. The Engineer will give indications as to the
expected amounts of seeds required and the
time of availability. Butitis the Contractor’s
responsibility ro ensure that adequate quan-
tities of seeds are obrained in a timely fashion,

3. The weights to be specified are for sun-dried
sceds separated completely from fruiting bod-
ies and other unwanted parts, and ready for
storage and subsequent sowing, There is usu-
ally a large discrepancy berween this weight
and that of the freshly collected, untreated
fruies.

4. Should the Contractor be unable to supply
the specified seeds, the advice nf the Engineer
should be sought. It may be possible to sub-
stitute other species. Some commercial seed
sources in Nepal and India are known ro sup-
ply old or badly treated seeds. For this reason,
seed should not be abtained commercially
without the Engineer’s written author Ly.

2801 GRASSSIED COLLECTION

1. The species of grass seeds to be collecred will
be determined hy the Engineer. The
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Contractor will be responsible for determin-
ing seed scurees, though these may be speci-
fied by the Engineer’s instructions. Seeds
should normally be collected in or very close
to Division of use or the project area.

If the Engineer does not specify the species,
then the cutrrent approved list of bio-engi-
neering plants, as determined by the Geo-
Environment Unit of the Department of
Roads should be referred ro.

Seeds must be collected from as many indi-
vidual plants as possible. With grasses, it is
difficult to determine the best penetic mater-
ial from the appearance of form; butitis gen-
erally sound practice to select from the largest
and most vigorous plants.

The Contractor may under no circumstances
damage or remove the roots of grass plants
while collecting seed. The Contractor is
responsible for safety measures and for mak-
ing all necessary arrangements with landown-
ers, farmers and the local District Forest
Office, as applicable, before the collection of
seeds.

Sceds may only be collected when fully ripe.
Seeds collected eatly are not viablke when
planted and will cause a failure of the plant-
ing programme. The Contractor will be held
liable if the germination rate of sceds is seri-
ously lower than the normally expected per-
centage (as defined in publications issued by
the Geo-Environmesntal Unit).

Immediately after collection, sceds must be
separated from Howet heads by the method
normally used by farmers for other grasses,
Once separated, the seeds must be sun-dried
before storage.

Seeds must be stored in a cool, dry, ventilated
building with adequate precautions taken
against pests. Containers should be raised
above the floor. They should not be kept in
the same building as cement, or any chemi-
cals, fuels or lubricants. Grass is best stored in
bags made of hessian (jute} sheet. Seeds
should be carefully inspected on a weekly
hasis to ensure that there 15 no deterioration
or mould formation, or pest artack. Seeds can
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only be stored successfully if they have been
properly dried in the sun beforehand,

2802 TREE ANDSHRUBSEED COLLECTION

1.

"The species of tree and shrub seeds to be col-
lected will be determined by the Engineer. The
Contractor will be responsible for determining
seed sources, though these may be specified by
the Engincer’s instructions. Seeds should nor-
mally be collected in or very close to the work-
ing arca.

1f the Engineer does not specify the species,
then the current approved list of bio-engi-
neering plants, as determined by the Geo-
Environmental Unit of the Department of
Roads should be referred ta.

. Seeds must be collected from as many healthy

individual plants as possible. In any event,
they must be collected from at least ten indi-
vidual plants. The plants from which the seeds
are collected must show vigotous growth and
good form, Mis-shapen and stunted plants
should not be considered.

. 'The Contractor must under no circumstances

damage plants while collecting seed. The
Contractor is responsible for making all nec-
essary arrangements with landowners, farmers
and the local District Forest Office, as applica-
ble, before the collection of seeds.

. The collection of seeds from trees can be a dan-

gerous business, placing the collectors at con-
siderable personal risk. Specialist equipment
and training is available in Nepal for this pur-
pose. It is the Contractor’s responsibility to
ensure safe working conditions for his employ-
ecs or subcontractors,

Seeds may only be collected when fully ripe.
Seeds collected early are not viable when
planted and will cause a failure of the planting
programme. The Contractor will be held liable
if the germination rate of seeds is seriously
lower than the normally expected pereentage.

Immediately after collection, seeds must be
separated from fruit by the method normally
used by farmers and foresters for this purpose;
this depends on the individual species but may
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be a time-consuming process for certain
fruits. Once separated, the seeds must be sun-
dried before storage.

Seeds must be stored in a cool, dry, ventilared
building with adequate precautions taken

Engineer. The Contractor will be responsible
for determining plant material sources,
though these may be specified by the
FEngineer’s instructions. Plants should nor-
mally be collected in or very close to the
working area.

against pests. Containers should be raised
above the floor. They should not be keprin = 2
the same building as cement, or any chemi-
cals, fuels or lubricants. Tf kept in sealed con-
tainers, the seeds should be carefully
inspected on a weekly basis to ensure that
there is no deterioration or mould formation.
Seeds can only be stored successfully if they

If the Fngineer does not specify the species,
then the current approved list of bio-engi-
neering plants, as determined by the Geo-
Environmental Unit of the Department of
Roads should be referred ro.
2811 PROVISION OFF GRASS CUTTINGS
have been properly dried in the sun before-
hand. 1. Cartings of various types must be taken from
grass species which are known to propagate
2810 PROVISION OF PLANT CUTTINGS easily by vegetative means.
1. The species of plants to be collected forvege- 2. Cuttings must be made from as many healthy
tative propagation will be determined by the individual plants as possible. The plants from

Botanical name

Local name Best pmp.agatlon Details
Armliso Thysanclasns masima Rhizome cun;r%gs Stem; 100 - 160 mm: thizorms: 50 - 80 mm
Babiyo éuféh’%@inam Slip n.:‘.ul;ings Stem: 100 - 150 mm, root 30 - 60 mm
Dhonce Neyraudia reynautiana Stem/slip cuttings Stem cuttings: 2 niodes plus 50 mm sach side
“ Slips: stem;: 100 - 150 mem; root: 30~ 60mm

Kars Sacchanim spontaneurm Slip cuttings Stem: 100- 150 mm; raot: 30 - 60 mm
Katerakhar  Thomedaspecies Sip cultings stem: 100-150;{;;-;ma:;30-ao-mr3
Khar Cymbogogon microtheca - Slipcuttings Stem: 100 - 150"#;”:5 raol: 30 - 50 mm
Khus Vativeria lawsoni Sl.f;i cuttings : Stem: 100 - 150 mm; root: 30 - 60 mm
MNapier annme:um m;wm;rm Efem cuttings Two nedes plus 50 mm each f_.lde.
Markat . Arundo clonsx ;St'enﬂslipcu(tir-'gs: £ Stem cuttings: 2 nodes plus 5.0 mm each side

¥ Slips: stem; 100 - 150 mm; root: 30 - 60 mm:
Padang bans: - Hﬂna&waca!amn;\s; P;;D.kﬁn'anus Large slip mrlln_gg Stern: 750 - 1200 mm); root! 100 - 200 mm
Phurke Anunduelia nepalensis Siip cuttings Sterm: 100 - 150 mm; root: 30 - 60 mm
Sila Neyraudia snindinacea Slipcuttings Slem: 100 - 150 mm; rool: 30 - 60 mm
Tite pigaio Drepanostachyum intemediurm Large slip cuttings Stem: 750 - 1200 mm; root 100 - 200 mm

STANDARD SPECIFACATIONS FOR BIO-ENGINEERING WORKS
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which the curtings are taken must show vigar-
ous growth and good form, Grass c]ufnps
showing stunted growth should not be con-
sidered as sources.

Aparr from the clumps which are dug up to
malke cutrings, the Contractor must under no
circumstances damage other plants. The
Contractor is responsible for making all neces-
sary arranpements with landowners, farmers
and the local District Forest Office, as applica-
ble, betore the excavation of plants to make
cuttings.

. The type of cuttings to be made depends on the

species and should be as shown in the table
below: If the species used is nor listed here,
then the latest technical information provided
by the Geo-Environmental Uit should be con-
sulted. If the species is still not covered, then
stem and root slip cuttings should be used.

Where roots are required for the cuttings, grass
clumps should carefully dug up. They must not
be pulled hard, as this can damage the mater-
ial. They must be separated carefully by hand,
using a sharp khukuri or razor blade when nec-
essary. There must be no tearing of the plant
fabric.

Stem cuttings must be made using sharp seca-
reurs. The top cut should be made at right-
angles to the stem and the bottom cut should
be made at 45 to the stem: this is to show the
orientation of planting,

Once cuttings have been made, they must be
wrapped in wet hessian jute immediately. Avall
times, cuttings are to be kept moistand as cool
as possible, and should be wrapped in wet hes-
sian between all operations such as digeing out
of the ground, ﬁp].itting out, trimmin g andd
planting. Under any circumstances, all cuttings
must be planted the same day thar they are
made.

PROVISION OF HARDWOOD
CUTTINGS

Hardwood cuttings must be taken from shrubs
and trees of species which are known to prop-
agarte casily by vegetative means.

1o
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6.

Curtings must be made from as many healthy
individual plants as possible. The plants from
which the cuttings are taken must show vig-
orous growth and good form. Mis-shapen and
stunted plants should not be considered as
SOUICES.

The species from which hardwood cuttings
are to be made for bio-engineering works nor-
mally includes assure (Adharoda vasrea),
bainsh (Salix tetrasperma), kanda phul
(Lantana camara), namdi phul (Colguhounia
coceined), saruwa or bihaya (Ipomoca fisrulosd)
and simali ( Vitex negundo)

Apart from the branches from which cuttings
are taken, the Contractor must under no cir-
cumstances damage plants while raking cur-
tings. The Contractor is responsible for taking
safety precautions and for making all neces-
sary arrangements with landowners, farmers
and the local District Forest Office, as applic-
able, before the making of hardwood cut-
tings. In no event is more than 60 pereent of
the aerial parts of a single plant to be removed
in the making of cuttings.

Hardwood cuttings must be made from stems
which are between 6 and 18 months old.
Materials outside this range are not normally
vigorous or strong enough o survive as cut-
tings. The Contractor may be held liable if the
success rate of cuttings is seriously lower than
the normally expected percentage.

Hardwood cuttings must be made using sharp
secateurs or a sharp saw. The top cut should
be made at right-angles to the stem and the
bottom cut should be made at 45 to the
stem: this is to show the orientation of plant-
ing. Under no circumstances must there be
any damage to the bark of the cutting,

Hardwood cuttings are normally 20 to 40 mm
in diameter and of the following lengths: 300
to 500 mm for palisades, vegetated stone-
pitched walls and for pegging jute netting;
450 to 600 mm for brush lavers; and a mini-
mum of 1000 mm for fascines. ['or live check
dams, all cuttings are to be 2000 mm in
length; the cuttings for cross pieces should be
20 to 50 mm in diamerter and the truncheon
cuttings for the vertical elements should be

ROADSIDE BIO-ENGINEERING
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30 to 80 mm in diameter: truncheon cuttings
are made from the species listed in paragraph
8 below. This size should not be exceeded for
the majority of species unless specified by the
Fngineer.

A number of species can be prapagated using
large truncheon cuttings. In this category tall
chulerro (Brassalopsis harnfa), dabdabe
( Garuga prnata), kavro (Ficus fcor), phaledo
(Ervthrina species) and Gliricidia sepium.
Hardwood cuttings for these species should be
in the range of 1500 to 2500 mm in length
and 30 to 80 mm in diameter unless other-
wise specified.

Once cutings have been made, they must be
wrapped In wet hessian jure immediately. Ar
all times, cuttings are to be kept moist and as
coul as possible, and should be wrapped in
wet hessian between all operations such as
taking from the parent plant, trimming and
planting. Under any circumstances, all cut-
rings must be planted the same day that they
are mace.

2820 NURSERY CONSTRUCTION

L.

The Contractor shall provide nurseries to
contribute stocks of grasses, shrubs and trees
for planting operations as required by the
Engineer. This shall be done according to the
specifications described hereunder, as and
when required by the Engineer. The Contractor
shall supply all necessary expertise, resources
and facilities to ensure that these requirements
are met,

The establishment and effective operation of
plant nurseries is a skilled business requiring
experienced and trained staff, These specifica-
tons alone do not provide all the information
needed to set up and run nurseries. The
Contractor should seck the advice of specialist
agencies and should refer to the large number
of reference books available on the subject..

The purpose of a nursery is to supply good
quality, healthy plants of the correet type and
species, at the precise time they are required,
and at a reasonable cost.

STANDARD SPEGIFACATIONS FOR BIC-ENGINEERING WORKS
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NURSERY ESTABLISHMENT

The Contractor shall provide nursery facilities
adequate to supply all of the stock required
for planting operations. Alternatively, he may
procure planting stock from elsewhere at the
time of site planting, providing it is of a srand-
ard acceptable to the Engineer and as
described hereunder.

In selecting a site for a nursery, the Contractor
must fulfil the following requirements.

(i)  Nurseries must be as close as possible to
all sites to be planted. They must be at
the same aldrude as, and in an identical
climatic area to, the sites to he planted.

(i)  Wherever possible, nurseries must be

established on land owned by rhe

Deparrment of Roads ifit is available and

biophysically suitable. Tf it is not, other

land of His Majesty’s Government
should be used if it is available.

Nurseries should have a reliable and ade-
quate supply of water which remains
constant throughout the larer part of the
dry season.

(iii)

Nurseries should have all weather vehic-
ular access.

(iv)

(v] Nurseries should have a perimeter of
stock proof fencing, effective againse all

domestc animals,

Nurseries should have a weather- and
pest-proof office cum seed store and
proper storage facilities for seed. Seed
must be kept coel, dry and in sealed con-
tainers, as specified in clauses 2801 an 2802,

(v1)

(vi) All nurscries should be provided with at
least two above-ground compost bays,
built of stone, brick or imber, These will
be used on an alternate basis to ensure a

continual supply of compost.

(vii) Where a nursery is established on a slope
exceeding 2°, the ground must be lev-
elled by terracing before beds are con-
structed.
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(ix) A constant staff of qualified and experi-

enced people must be provided.
(x) There must be adequate space in each
nursery location for all operations to be
performed in the cycle of work, In par-
ticular, all plants need to be spaced out
periodically as they grow and there
must be adequate bed area to accom-
modate them.

2822 CONSTRUCTION OF NURSERY BEDS

—

e

Nursery beds must be made in a different way
according to their purpose. The Contractor
must ensure that there are adequate beds
available for all the operations to be under-
taken in the nursery,

There must be paths around all beds 1o ensure
the best possible aceess for operations such as
weeding and watering,

The table below summarises the construction
derails of the four main bed types, which are
described in full in paragraphs 4 10 7.

Soil beds should be constructed to hald grass
seeds, grasses being propagated by vegetative
means and tree stool cuttings, These can be of
any practical length but must be flat and of
one metre in width. They should rise to a
height of 250 mm above the surrounding
ground. They are made up as follows: 50 mm
of washed gravel is placed above the ground,;
then 50 mm of 1:1 mix of sieved soil and
compost; and the bed is topped with 150 mm
of 3:1 mix of sieved fertile, loamy forest top-

‘Bed type

Bed size

Details of
construction

Beds fn'r g:ass seads,
grass slips and tree
stool cutlings

1000 mm wide
= 250 mm high

50 mm of washed

gravel placed above the
ground; then 50 mm of
1:1 mix of sieved soil and
compost; and lopped

with 150 mm of 3:1 mix
of sieved forest lopsoil
andwashed sand

Seed bedsforiree
seadings

1000 mm wide
%170 mm high

5 mm of washed

gravel placed above lhe:
ground; then 50 men of
unsieved forest soil;
B0-rrirn of 1:3 mixof
siaved forest soil and
washed sand; and topped

S with 20 mim of washad,
siaved and sterilised sand.

soil and washed sand. All sieving should be
done with a mesh size of 2 mm or smaller.
One square metre of such 2 bed will contain
100 grass slips spaced at 100 mm centres
within rows at 100 mm centres and will
produce at least 300 slips for planting our,
depending on the particular species, and the
soil and climate of the nursery.

Seed beds must be made very carefully for ger-
minating small seeds of shrubs and trees,
These can be of any practical length but must
be flat and of one metre in width. They
should rise to a height of 170 mm above the
surrounding eround. They are made up as fol-
lows: 50 mm of washed gravel is placed above
the ground; then 50 mm of unsieved forest
soil; 50 mm of 1:3 mix of sieved forest soil
and washed sand; and the bed is topped with
20 mm of washed, sieved and sterilised sand.
All sieving should be done with a mesh size
of 1 mm or smaller,

Standout beds should be construeted ro hold
seedlings in polythene pots. These can be of
any practical length but must be flar and of
one metre width. Bed floors should be above
surrounding ground level and they should
have a 50 mm layer of gravel placed above
compacted ground. They should have a sur-
round, preferably made from flat stones or
bricks. One square metre of standout bed will
contain an average of 115 filled pots of the
size specified (100 x 180 mm) when spaced
out,

Beds for the propagation of bamboo culm cut-
tings should be made specially. These can be

Stard outbeds
far polypols seedling

Beds for the propagation
of bamboo culm cuttings

1000 mm wide

1000 mm wide:

%150 mm high 300 mm high

50 mm layer of gravel Grournid below the bed

placed above s dug o adepth of

compacted ground. 300 mm.

A fiat stone or Bed is made with 180 mm

brick surround, of unsieved sail {lowar)
L and 200 mm of sieved

Soil (Upper),

Abund 160 mm high is
formed araumd ihe edge.
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of any practical length but must be flacand of
one metre width. They should rise to a height
of 300 mm above the surrounding ground.
They are made up as follows: the ground be-
low the bed is dug to a depth of 300 mm;
the bed itself is then made with 100 mm of
unsieved soil on the original surface, and 200
mm of sieved soil above this. All sail sieving
should be done with a mesh size of 2 mm or
smaller, Finally, a bund 100 mm high is
formed around the edge.

Shades must be constructed over the beds and
kepr in position over delicate scedlings dur-
ing hours of intense sunlight, according 10
need. Shades should be 750 to 1000 mm
above the soil or the rop of filled pots, and
angled 50 as to be effective for as much of the
day as possible (Ze. with the lower side to the
south). Bamboo strips laced together with coir
(coconut fibre) string are particularly suitable
in most cases; but over wree and shruly seed
beds, thatched shades with a polythene lin-
ing must be used.

2830 NURSERY OPERATION AND

[

LS

MANAGEMENT

The contractor must operate the nursery
according to a high standard. The nursery is
to be staffed well tended ar all times. It must
be maintained in a clean, tidy and efficient
manner at all tomes. Plants must always be
healthy and vigorous.

Due to the nature of bio-engineering works,

nurseries will normally be upc,mtc,d and man-
aged hy small local conrractors with a range
of agricultural skills. Nurseries may also be
operated and managed by direcr employees of
the Division Road Office.

Plants must be kepr properly weeded at all
tmes.

. Watering, as required for good plant growth,

must be carried out regularly in the cool of
the evening berween sunser and dusk. The
Contractor must ensure that the soil in all
beds is kept moist bur net saturated at all
times. Beds must be kept moist even when
empty, s that rhe soil is keptin good condi-
Lo,

STANDARD SPECIFACATIONS FOR BIO-ENGINEERING WORKS
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The timing of many nursery operations is of
the utmost importance. Activities such as
seed sowing and the taking of cuttings must
be carried out within the eritical few weeks
when they will yield the desired results. Most
other operations, such as spacing out, root
pruning and watering, must also be carried
out in a timely manner, The contractor is
responsible to keep works to the serict sched-
ule rcqum_d and under no circumsrances to
permut delays.

2831 NURSERY PRODUCTION OF GRASS

p—

Grass will be propagated in nurseries cither by
seeding in carefully prepared beds or by veg-
etative propagation,

. Where grass seeding is required in the nurs-

ery, finely sieved fertle soil mixed with clean
sand to a texture of sandy loam must be
placed in beds before the seeds are sown.
Seeds will be covered with a sheet of hessian
jute until they have germinated, when it will
be carefully removed. Watering of fresh
'aeedhng_;‘. will be by a fine spray and rrotby the
rose of a watering can.

Grasses to be propagated by vegetative meth-
ods will be of the species instructed. The
Contractor should ebtain adequate quantities
of the plant material required, but under no
circumstances is he to cause serious depletion
of grass stocks in any steep or erosion-prone
area

Vegetative propagation will normally be by
rhizome cuttings. With this method, the grass
is treated in exactly the same way as a bam-
boo being propagated by the traditional
Nepalese farmer’s technique. A clump is care-
fully dug up and brought to the nursery,
|'Jn,l11;, kept cool and damp at all times. th,ms.
are cut above the first or second node above
the ground: this usually gives a length of 100
to 200 mm. The clump is separated carefully,
wirh the minimum of damage to the rhi-
zomes and fine roots. Slips should he sepa-
rated out which keep a length of stem and
about 50 mm of the rhizome. Each slip
should have some buds on the rhizome, but
in some grasses these can be difficult to see.
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The slips should be planted with the soil sur-
face at the same level as it was originally, in
rows at 200 mm centres; slips should be at
200 mm centres within the rows. A sheet of
hessian jute should be placed over the tops of
the cuttings. When the new shoots are abour
50 mm long, it can be removed.

Fvery two to three months, all grasses should
be lifted from the beds, split carefully and
teplanted. It is normal that, once split our,
three times the previous bed area is required.
This is a standard practice to bulk up the sup-
ply of planting stock without having to
degrade the natural vegeration cover in the
region of the nursery.

2832 NURSERY PRODUCTION OF TRELS

1o

-

AND SHRUBS IN POLYPOTS

Trees and shrubs will be seeded either in seed
beds ar directly in polythene pots (‘polypots”).
Finely sieved fertile soil mixed with clean
sand to a texture of sandy loam must be
placed in well shaded beds for seeding.
Watetring of fresh seedlings will be by a fine
spray, and norby the rose of a watering can.

All plants must be grown on in pots of dimen-
sions 100 % 180 mm (4 X 7 inches) or greater
when laid flat. The pots should be of blaclk,
200 gauge polythene. They must have ade-
quate drainage holes at the bottom and be
filled with fertile forest topsoil mixed with
clean sand to a rexrure of sandy loam.

Roots protruding from the bottom of pots
must be pruned with a razor blade on a regu-
lar basis which will not exceed weekly and
may need to be more frequent. Protruding
roots should never be allowed 1o become
more than 25 mm in length,

When polypot seedlings begin to compere
with each other for light, they should be re-
spaced as lCC]L.lITLt].TI'IIh would typically mean
doubling the bed space occupied by the
plants.

To be acceptable for planting on site, trees
and shrubs must be healthy, vigorous and
showing no signs of damage, wilt, irregular
L;_J)'I.'Ll\.’,‘tll‘ i'-unat_l,&ﬂ or pest attack, or nutrient disor-

3

ders. They must be at least 300 mm in
height above soll surface level and Ofgood
form. The roots must be in good condition
and there should be no signs of disturbance
to the soil in the polythene pot, even after
transport to site,

2833 NURSERY PRODUCTION OF
HARDWOOD PLANTS BY
VEGHETATIVE METHODS

1. Trees and shrubs which can be propagated by

s

2834

vegeta tive methods may be spec.i fied b}f the
Engincer. The Contractor should produce
these by the appropriate method, as required.

All cuttings and stools must be made as speci-
fied in clause 2812 and planted in fertile soil
beds of the type specified in clause 2822,

Cuttings must be planted 300 mm apart in
holes slightly larger than their diameter. They
must be pl.u.Ld at such a depth that only one
bud remains above the soil surface (fe
30 mm of the cuning).

about

When plants compete with each other for
light, they should be cut back as necessary.

To be acceptable for planting on site, trees
and shrubs produced in this way must be
healthy, vigorous and showing no signs of
damage, wilt, rregular growth, fungal or pest
attack, or nutrient disorders. They must be at
least 500 mm in height above sail surface
level and of goad fmm

EXTRACTION OF
THE NURSERY

PLANTS FROM

‘The Conrractor is responsible for extracting
plants from nursery beds and preparing them
ready for transport. They should be extracted
from the beds only on the morning that they
are required for planting on site.

Plants must be hardened off, starting at least
nwor weeks before they are to be raken out of
the nursery. This process requites a gradual
reduction in the amount of watering and
shading. The aim is to prepare them for trans-
ter to a much more hostile locarion.
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. The night before the plants are t be lifted,

they should be thoroughly watered, This is to
make the soil softer and ease the business of
extracting the roors.

Plants growing in soil beds should be carefully
lifted from the soil. There must be no pulling
of stems or roors, bur they must be dug out
and extracted with no strain on any part of
the plant,

Plants from soil beds must be wrapped in wet
hessian jute. Hardwood plants should have a
ball of soil around the roats, Grass clumps can
have most of the soil shaken or washed off,

Polypot scedlings should be lifted and stacked
neatly in metal or wooden trays. They must
always be lifted by the pot and neverby the
stem or leaves,

All plants are to he kept moist, in a cool,
shady place, until they are loaded for trans-
port to site. In the vehicle, they must not be
stacked high. For transport on rough roads,
they must be packed in carefully so that they
do not fall over or roll around. The vehicle
must be shaded.

COMPOST AND MUILCH
PRODUCTION

The Contractor is 1o produce compost and
mulch for nursery or site operations, It is 1o
be pre sdueced ina rimely manner, in the quan-
tities required. Compost is normally required
to sustain the long term fertlity of nursery
beds. Mulch may also be used in the nursery,
but is normally produced to enhanece site
planting works, particularly the direer seed-
ing of grass.

Compost and mulch should be made from
annual and perennial weeds of poor rooting
characteristics, such as ban mara {Fuparorium
adenophonn) and tte pate (Artemisia vafoans).
The greenery should be collected when there
is most material available but before it forms
geeds. This is most often in Shrawan and
Bhadra.

. Collecred material should be chopped finely

and stored m a mound, compost bay or pit,

STANDARD SPECIFACATIONS FOR BIO-ENGINEERING WORKS

The maximum size tor chopped compost is 5()
mm; the maximum size for chopped mulch is
1500 mm.

Both compost and mulch should be kept
maoist but not waterlogeed and in an aerated
condition. They should be completely nurned
once a month on a regular schedule.
Compost can have cow manure mixed in to
assist the process of decomposition,

Neither compost not mulch should be
applied until they are fully rotred. By this
time they should be black and the parts of
individual plants should he indistinguishable.
Farly application can lead 1o a nutrient loss in
the soil if microbes extract nitrogen to
decompose the added organic material,

2840 SLOPE PREPARATION FOR BIO-

2841

ENGINEERING

The Contractor shall prepare slopes for plant-
ing operations as required by the Engineer.
This shall be done according to the specifica-
rions deseribed hereunder, as and when
required. The Contractor shall supply all nec-
essary expertise, resources and facilities to
ensure that these requirements are met.,

In the course ot all slope preparation works,
it is essential that no damage is done to exist-
ing vegeration unless the Engineer’s instruc-
tion specifically requires certain planes to be
removed.

The tming of many bio-engineering opera-
tons is of the utmoest importance. Activities
such as planting and seed sowing must be car-
ried out within the critical few weeks when
they will vield the desired resules. All other
operations must be carried out in a timely
manner to permit this to happen. The con-
tractor is responsible to keep works to the
strict schedule required and under no cir-
cumsrances to permir delays,

SLOPETRIMMING

. Slope trimming is the main activity where

debris masses and inherently unstable slope
sections are removed, and the slope made suf-
ficiently sound for civil and bio-engincering

I;.\
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works. The Contractor must first check thar
all prior construction work has been com-
pleted and that the site is clear of equipment.
Tt is the Contractor’s responsibility to ensure
that there is safe access to the site. On very
steep slopes, new paths must be made, and
ropes or ladders provided as necessary. All site
staff and labourers must be issued with safety
helmets and protective footwear.

The Engineer will issue an instruction for the
details of trimming required on each sire. Tf
this has nort already been issued it is the
Centractor’s responsibility to request it from
the Engineer and agree the derails before work
is commenced. Possibilities for slope trim-
ming are as follows: minor trimming required
only on part of site; keeping rill or gully pat-
tern in plan section; trimming to a new
designed plan section; new retaining wall 1o
be backfilled; others, as determined by the
individual site,

A triimming survey must first be carried out.
Pegs and lines must be placed as necessary to
show the workers how much material to trim.
Notches must be cut through the mass to be
trimmed to give the final cut lines.

When trimming a site, work must be started
from the top of the slope segment. The slope
is trimmed in steps from rthe top, using the
steps as ledges for the workers to stand on
during trimming,

If backfilling is required behind a retaining
structure below, the trimmed material must
be compacted at intervals as the operation
proceeds. This will require halting the trim-
ming, redistributing and compacting the
debris as backfill. Compaction is carried out
n level layers approximately 100 — 150 mm
thick, laid back into the slope at about 5°. If
possible, water should be added while com-
pactng the material,

When the main trim has been completed, the
workers should return to the top of the slope
and work down again, carrying out the final
erim, This should give a clean, smooth sur-
face, good cnough for vegetation to be
planted on,
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The final trim line should then be checked to
ensure that it is straight dand accurate
throughout the site. If protrusions or inden-
rations remain, they must be remaoved or
filled with compacted material. Once the pro-
file has been satisfactotily obtained, all debris
must be removed from the site to an
approved tipping area and the site left in a
udy condition.

DISPOSAL OF SPOTL

In mountainous areas, the disposal of spoil
can lead to many problems of erasion and
slope instability. The Contractor must follow
the Engineer’s instructions in disposing of
surplus spoil in approved locations.

Where a landfill site is ereared, maximum use
must be made of terraces, level ground and
spurs. If spoil tipping has to be done on steep
slopes, it is essential to select areas formed in
resistant bedrock. Tipping should result in no
more than the removal of vegetation and
shallow soil, with neghgible slope incision
thereafter, Biumen drum disposal chutes can
be used to convey the spoil down a short
slope to a safe site below,

During tipping, the Contractor must build
many small spoil benches, rather than a few
large ones, to avoid slope overloading, A
drainage blanket must be installed beneath a
spoll bench where there is any indication of
aspring scepage at or near the spoil site. Spoil
benches must be compacted during tipping.
While benches cannor be compacted in the
formal sense, they can be constructed in def-
inite lifts, normally not more than 0.5 m
thick, with the top surface of each lift approx-
imately horizontal. This will allow machines
involved in spreading the spoil to track the
surface and provide some degree of com-
paction.

Where spoil benches are constructed on agri-
cultural land, the Contractor must form the
tip into a benched profile so that it can even-
tually be returned to agricultural production.
In the meantime, the risers berween levels
must be protected against crosion by apply-
ing vegetation or constructing dry stone
walls,
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Where the top surface of the bench is large,
runoff must be reduced by providing regular
shallow interceptor drains, The slope of these
drains should be constant as far as is practi-
cable and should not be so steep as to induce
erosion.

On completion, the Contractor is to leave
spoil benches in their required shape and
plant them with grasses, shrubs and trees to
encourage maximur stability and resistance
O erosion,

. Where the tipping of spoil has been permit-

ted on steep slopes above major rivers, the
spoil should be completely removed from the
slope and thrown into the river. The original
oround should be restored with a full cover of
vegetation.

Under no circumstances are the following
permitted: tipping of spoil into stream chan-
nels other than major rivers, as the increased
sediment load will lead to scour and siltation
downstream; tipping of spoil on to slopes
where road alignments, housing areas or
farmland downslope might be affecred; use of
areas of past or active instability and erosion
as dp sites, unless they ate at least 50 metres
from the road; the discharge of runoff over
the loose fronr edge of a dp bench during or
after construction; tipping of spoil in front of
road retaining walls, where impeded drainage
could soften the wall foundaton.

FINAL CUT SLOPE PREPARATION
FOR GRASS PLANTING AND
SEEDING

. The objective of final cut slope preparation is

to produce a surface adequately prepared for
arass planting or grass seeding, Grass lines are
used to provide a strong surface cover but
neced a well prepared surface in which to be
planted; if grass is to be an effecrive form of
slope protection, it must be allowed to estab-
lish properly on a slope which does not sub-
jectit to undue stress from erosion and mass
movement in its inital stages.

The Contractor must ensure that the slope
under instruction is trimmed to a straight
angle, according to the Eagineer’s specifica-

STANDARD SPECIFACATIONS FOR BIO-ENGINEERING WORKS
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ton. Cut slopes to be planted with grass will
normally be instructed as 3 vertical:2 hori-
zontal, but this may be varied at the
Engineer’s discretion, Tn any event, a straight
profile must be obtained. Concavites must
be filled with well compacted material or, in
some cases, with dry stone dentition.
Convexities must be removed and 1t is essen-
tial that the general profile does not have a
shape giving over-steep segments.

All loose material must be removed from the
slope and tipped elsewhere in an approved
location, as per the requirements of standard
specification 2842.

FINAL PREPARATION OF FILL
AND DEBRIS SLOPES FOR
BIO-ENGINEERING

. The objective of the final preparation of fill

slopes and slopes comprising unconsolidated
landslide debris is to produce a surface ade-
quately prepared for shrub or tree planting or
grass sowing, or a4 combination of these.
Vegetarion is used to provide a strong surface
cover but needs a well prepared surface in
which to be planted: if it is to be an effecrive
form of slope protection, it must be allowed
to establish propetly on a slope which does
not subject it 1o undue stress in its initial
stages,

2. The Conrractor must ensure that the slope

under instruction is trimmed to a straight
angle, according to standard specification
2841. In any event, a straight profile must be
ohtained. All masses of loose debris, especially
where it has previously been tipped at the
head of the slope, must be removed.
Concavities must be filled with well com-
pacted material or, in some cases, with dry
stone dentition. Convexities must also be
removed and it is essential that the general
profile does not have a shape giving over-
steep scgments.

2850 SITE PLANTING AND SOWING

. The Contractor shall plant or sow grasses,

shrubs and trees as required by the Engineer,
This shall be done according to the specifica-
rions described hereunder, as and when

-
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required. The Contractor shall supply all nee-
essary expertise, resources and facilities to
cnsure that these requirements are met.

Due to the nature of bio-engineering works,
they will normally be undertaken by small
local contractors with a range of agricultural
skills. Any bio-engincering site activity may
also be managed by direcr employees of the
Division Road Office,

It is the Contractor’s responsibility to ensure
that all planting stock, whether provided
from a nursery under a separate contract or
through a separate instruction, is of high
quality and is vigorous enough to grow on
the site to be planted.

All seeds and other planting stock must be of
species indigenous o Nepal unless otherwise
specified. All species must be eovered in the
current approved lists of species produced
from time ro fime by the Geo-Finvironmenral
Unit ot the Department of Roads. They must
be appropriate for the precise site conditions
in which they are to be planted and the
Contractor must ensure that they apply to the
specific altitude and other environmental
characteristics of the site In question.

The timing of many hio-engineeting opera-
tions is of the utmost importance. Activities
such as planting and sced sowing must be car-
ried out within the critical few weeks when
they will yield the desired resulrs. All other
operations must be carried our in a timely
manner to permit this to happen. The con-
tractor is responsible to keep works to the
strict schedule required and under no cir-
cumstances to permit delays.

SOWING OF GRASSES ON SITE

The sowing of grasses is intended to create a
strengrhened slope surface which is resistant
to erasion, The Conrracror is required to carry
out the sowing of grass seeds according 1o the
Engincer’s speeific instructions.

It is assumed that the sice will already have
been prepared for seed sowing, under a sepa-
rate instruction; but it is nevertheless the
responsibility of the Contractor ro ensure thar
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the condition of the site is good enongh for
the successtul establishment of grasses.

The Contractor is required to supervise all
ficld operations very closelv. The sowing of
grass seeds is a delicate business and should
be approached in the same way as for agri-
cultural ereps. The Contractor should employ
experienced agricultural labourers for this
work.

. Seed will have been collected and stored

under i separate instructon well before the
time of sowing. However, it 1s the
Contractor’s responsibility to check that it has
been carcfully stored and remains fully viable.

Immediately before sowing, the ground sur-
face should be lightly scarified to case eatly
root penetration. Seeds should then be laid
thinly over the surface. Under no circum-
stances should they be broadcast, because the
lightness of perennial grass sceds and the
steepniess of the slopes to be treated give a
poor cover using such a technique. The
Contractor is responsible for ensuring that
the correct quantities of seeds are used, while
giving a good, even cover,

A eover of 25 grammes of grass seed per
square metre of surface should be achieved
unless otherwise specified.

After sowing, a mulch of prepared and dried
cut herbs should be laid over the whole
seeded area in a thin layer. If the mulch is oo
thick it will prevent light from getting to the
seed and will inhibit germination. Herhs suit
able for this and locally available in large
quanotes are;

tite pate (Arremirsia vidgars);

tapre [ Cassia species);

ban mara (Lagparonum adencphon).
However, freshly cut herbs should not be used
because of the danger of resprouting and
weeding,

. It specitied, the mulch should be secured with

jute netting of mesh size 300 % 500 mm and
the netting fixed in place using suitable live
pegs or hardwood cuttings (e simali, Virex
feguindo) at one metre centres.
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DIRECT SEED SOWING OF SHRUBS
AND TRELES ONSITLE

. The direct sowing of shrubs and trees is

intended to ereate a strengthened slope sur-
face which is resistant to crosion, and
anchorage of unstable surface layers. The
technique is particularly effective where very
stony materials preclude the use of other
planting rechniques or where the site will be
badly affected by disturbance during the
planting of polypot seedlings, or where the
site 15 still unstable and does not warrant the
costs involved in planting but would henefir
from rclatively cheap seeding, The Conmactor
15 required to carry out the sowing of shrub
and rree seeds according to the Ingineer’s spe-
cific instructions.

[t is assumed that the site will already have
been prepared for sced sowing, under 4 sepa-

rate instruction: but it is nevertheless the
responsibility of the Contractor to ensure that
the conditon of the site is good cnough for
the successful establishment of shrubs and
[rees,

The Contractor is required to supervise all
ficld operations very closcly. The sowing of
anv seeds is a delicate business and should be
approached in the same way as for agricul-
ral crops. The Contractor should employ
experienced agricultural labourers for this
wirk,

Seed will have been collected and stored
under a separate instruction well before the
time of sowing. However, it is the
Contractor'’s responsibility to check rhat it has
been carcfully stored and remains fully viable,

. Sowing should start at the top of the slope

and the labourers should work downwards.
Care must be raken nor to disturb areas
already seeded,

To sow the seeds, a small hole should be made
in the slope. The ool used to do this depends
on the size of the seed, For some seeds, a piece
of gabion wire is adequate; for others, a picce
of mild steel with a flattened end is required.
The hole should be in the hest soil available
bur if there is little real soil, then a crevice

STANDARD SPECIFACATIONS FOR BIO-ENGINEERING WORKS
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between two stones is acceptable. Two seeds
should he placed in each hole and a covering
of soil or whatever fines are availahle should
be placed over them. This covering should
never exceed 10 mm and should preferably be
about 5 mn; it should never be less than this,
Seeds should be placed at 50 to 100 mm cen-
tres, as ground conditions dictare.

In some cases the seed ean be broadeast start-
ing at the top of the site and working down
slope as evenly as possible so that the whole
site is lightly covered. This is used where the
site is still active and only warrants minimum
expendirure, or where the site is naturally
rough, providing plenty of niches in which
the seed can catch, Quantities of seed depend
on the tvpe of seed involved but are generally
half that of the quantitics used in the nursery.
With utis (Alaus nepalensis) seed it should be
at a rate of 1 gramme of sced per square
metre,

SITE PLANTING OF GRASS SLIPS
AND CUTTINGS

The planting of grass slips and cuttings is
intended to create a strengthened slope sur-
face which is resistant to crosion. The
Contractor is required to carry out the plani-
ing of grass seedlings or rooted cuttings,
according to the Engineer’s specific instruc-
fons. The configuration of plantag will be
determined according ro individual site con-
ditions. Tt will be either random, contoured
or downslope.

[t is assumed that the site will already have
been prepared for planting, under a separare
instruction; bur it is nevertheless the respon-
sibility of the Contractor to ensure thar the
condition of the site is good enough for the
successful establishment of grasses, and
accords with the specifications given in
clauses 2840, and 2841 or 2842,

. Using appropriate wols (such as tape mea-

sures and spirit levels), plandng lines must be
marked out with string as required. Unless
specified differently by the Engineer, the row
spacing ta be marked our is as shown in the
table helow.



4. The Contractor is required to supervise all

ficld operations very closely. The planting of
grass slips is a delicare business and should be
approached in the same way as the trans-
planting of millet seedlings. The Contractor
should employ experienced agricultural
labourers for this work.

. The plants supplied to the Contractor should

6.

be prepared for planting by the Contractor as
given below. The Contractor is 1o transport
them from the nursery wrapped in hessian
jute. At all imes, plants are to be kept moist
and as cool as possible, and should be
wrapped in wet hessian between all opera-
tions such as extraction from the bed, prun-
ing and planting. Under any circumstances,
all plants supplied must be planted the same
day that they are lifted from the nursery.

Grass slips or cuttings should be carefully sep-
arated from the clumps to give the maximum
viable planting material. _r\.nj' rOOLs 1N eXcess
of 25 mm should be cut off using a sharp
khukuri or razor blade. Shoots and stems
should be lopped off 1000 mm above ground
level.

Planting should be started at the top of the
slope and under no circumstances should
new plants be walked on or otherwise dis-
turbed. Using a small bar {usually made of
mild steel and with a flattened end), a hole
should be made that is just big enough for the
roots. The slip or cutting 1s inserted; care must
be taken that the roots are not tangled or bent
back to the surtace. Soil is then replaced
around the roots and firmed with the fingers.
The spacing of plants within rows should be

PLanTinG CONFIGURATION

SLoPE ANGLE

100 mm unless otherwise specified.

8. 1f the soil is dry and there is no rain within 16

9
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to 24 hours of planting, the site should be
watered carefully with a fine spray, The
Contractor will be required to water for the
first two weeks after planting in the event of
inadequate rainfall.

In certain circumstances it may not be possi-
ble to provide grass plants from a nursery. In
this case the Engineer will specify the species
and expected source of grass plants. It is
important to minimise disruption to neigh-
bouring land, in the event that species are col-
lected from areas surrounding the road. It is
the Contracror’s responsibility to collecr the
stock required from a wide area and not to
give rise to any soil erosion through the exces-
sive removal of plants in one locality.

SITH PLANTING OF SHRUBS AND
TREES RAISED IN POLYTHENE POTS

. The planting of rrees and shrubs is intended

to replace or restore something of the natural
vegetation on the slope to be treated. The
Contractor is required to carry out the plant-
ing of scedlings to the Engineer’s specific
instructions,

It is assumed that the site will already have
been prepared for planting, under a separate
instruction; but it is nevertheless the respon-
sibility of the Contractor to cnsure that the
condition of the site is good enough for the
successful esrablishment of delicate young
plants.

Row sracing

Random lings Slope less than 30 degrees 1000 mm centres
Slope 3o 45 degrees 500 mm centres.
Slope more than 45 degrees 250 mm centres
Contour lines Slope less than 30 degrees 1000 mm centres
Slope 30 to 45 degrecs 500 mm cantres
Slope more than 45 degrees 250 mmcantres
Diagenal lines All slopes 500 mm esntras:
Downslope lines All slopes 500 mm centres
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The spacing of plants will be determined
according to individual site conditions.
However, it will normally be at one merre
centres unless otherwise specified.

. The Contractor is required to supervise all

field operations very closely. The planting of
trees and shrubs is a delicate business and
should be approached in the same way as the
planting of horticultural seedlings. The
Contractor should employ experienced agri-
cultural or forestry labourers for this work.

The plants supplied to the Contractor will
normally be from a nursery as arranged by
separate instructions, and will be ready for
planting. They should he at least 300 mm in
height above the soil surface and hardened
off in the notmal way. The Contractor is to
collecr the plants from rthe nursery and trans-
port them to site with all due care. The plants
will normally be supplied in polythene pots,
which should not be removed until the
momentof planting. Plants are to be lifted by
the pots, never b}' the stem or leaves. At all
times they are to be kept as cool as possible.
The Contractor is responsible for ensuring
that the soil around the roots does not dry
out. Under any circumstances, all plants sup-
plied must be planted within three days of
removal from the nursery.

Planting should be started at the top of the
slope and under no citcumstances should
new plants be walked on or otherwise dis-

turbed.

. A planting pit wide and deep enough for the

main root to be buried in without bending it
and wide enough for all the roots and sur-
rounding soil ball should be made at the time
of planting. Some compost if available should
be mixed with the soil from the slit prior to
backfilling around the roots. The polythene
pot must be removed from the seedling by
cutting it away with a razor blade. The plant
should then be carefully placed into the hole,
the compaost and soil packed in, and all sur-
rounding soil firmed up, taking care not to
cause any damage to the plant or its roots,
The surface over and around the pit should
then be mulched using any approptiate, lo-
cally available matetial, such as manure,

STANDARD SPECIFACATIONS FOR BIO-ENGINEERING WORKS
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compaost, dead leaves or cut herbage. The use
of freshly cut ban mara (Fuparorium adenophio-
ru) and tite pate (Arremisia vufgans) should
e avoided, since it can resprout from the
buds after being cut.

The Engineer may specify bigger seedlings for
specific areas, such as those to be used inten-
sively for amenity purposes. These will nor-
mal.h have been growing in a nursery for at
least a year and should have well developed
roots as well as aerial parts. They will be pro-
vided either as bare root stock with a sub-
stantial root ball, or in pots of a minimum of
100 * 180 mm laid fat dimensions. When
these larger seedlings are phntccl the pits will
be of 300 mm diameter and 300 mm depth.
In addition, well-rotted compost will be
mixed with the soil backfill in a ratdo of at
least one part compost to ten parts soil.

ANTING OF
HARDWOOD CUTTINGS

Certain trees and shrubs can be planted on
site by means of hardwood cuttings. Where
these are specified, the Conrractor is required
to carry out the plantdng of cuttings as
required in the Engineer’s instructions,

[t is assumed that the site will already have
been prepared for planting, under a separate
instruction; but it is nevertheless the respon-
sibility of the Contractor to ensure that the
condition of the site is good enough for the
successtul establishment of delicate young
plants.

The spacing of hardwood cuttings will be
determined ac u)rdln;_‘ to individual site con-
ditions. However, it will normally be at 500)
mm centres unless otherwise specified.

. The Contractor is required to supervise all

L

feld operations very closcly. The planting of
tree and shrub cuttings is a delicate business
and should be approached in the same way as
the planting of horticultural cuttings (e
those of tea). The Contractor should employ
experienced agricultural or forestry labourers
for this work.

The cuttings are normally to be made as per

11



o

B):

standard specification 2812 or will be sup-
plied to the Contractor by separate instruc-
tions, and will be ready for planting, The
Contractor is to collect the curtings from the
nursery and transport them from the nursery
wrapped in hessian jure. At all imes, cuttings
are to be kept moist and as cool as possible,
and should be wrapped in wet hessian
between all operarions such as cutting from
the parent plant, trimming and planting.
Under any circumstances, all plants supplied
must be planted the same day that they are
lifted from the nursery.

. Planting should be started at the top of the

slope and under no eircumstances should
new plants be walked on or otherwise dis-
turbed. Using a small bar (usually made of
mild steel and with a flattened end), a hole
should be mude that is just big enough for the
cutting, The cutting is inserted and the soil
is replaced around it and firmed with the fin-
gers, The cutring should be inserted to a
depth such that two-thirds to three-quarters
of it 15 buried,

1f the soil 1s dry and there is no rain within 16

to 24 hours of planting, the site should he
watered carefully with a fine spray. The
Contractor will be required to warer for the
first two weeks after planting 10 the event of
inadequate rainfall.

. Where rooted cuttings have been supplicd

from a nursery, they must be planted in such
away that the roots are not damaged or badly
bunched in the planting hole; the hole must
be big enough to take the roots su that they
arc properly spaced out all around the plant.

‘I'he Engineer may specify bigger cuttings for
specific areas, using large rruncheon cuttings.
In this category fall chuletro (Brassaiopsis
hainla), dabdabe ( Garuga pinnata), kaveo (Ficus
lacor), phaledo (Eryehrina species) and
Glirierdia sepium. Cuttings of thesc species
should planted ar 1000 mm centres. A large
crowbar should be used to make the planting
hole, but otherwise the technique is as
described above for smaller cuttings, Under
no circumstances should these curtings be
hammered into rthe ground.

2856

BRUSH LAYERING, PALISADES
AND FASCINES

1. Under cerrain conditions, the Contractor will

(%)

be required to construct vegetation strucnures
using hardwood curangs. Where these are
specified, the Contractor is required to carry
out the necessary preparation and planting
works as required in the Engineer’s instruc-
tons.

It is assumed that the site will already have
been prepared for planting, under a separate
mstruction; but it is nevertheless the respon-
sibility of the Contractor to ensure that the
condirion of the site is good enough for the
successful establishment of delicate voung
plants.

. The cuttings supplied to the Contracror may

be from a nursery as arranged by separate in-
structions, and will be ready for planting,
Thev should be at least 400 mm long for
brush layering, 600 mm long for palisades
and 1000 mm in length for fascines. The
Contractor is to collect the curtings from the
nursery and transport them from the nursery
wrapped in hessian jute. At all times, cutrings
are to be kept moist and as cool as possible,
and should be wrapped in wer hessian
berween all operations such as cutting from
the parent plant, rrimming and planting.
Under any circumstances, all plants supplied
must be planted the same day that they are
lifted from the nursery.

[f the instruction to the Contractor includes
the provision of cuttings, then the Fngineer
will specify the species and expected sources,
and the Contractor must then obrain the cut-
tings requited. This will be done in the man-
ner deseribed in elause 2812 except that the
size of cuttings will be of a minimum length
of 600 mm for brush layering on landslide
debris, 450 mm for brush layering on road
embankments, 600 mm for palisades and
100D mm for fascines, and minimum diame-
ters of 30 mm for brush layering, 40 mm for
palisades and 50 mm for fascines.

Curtings of the following species, if specified,
should be a minimum of 2000 mm in length:
chuletro ( Brassaropsis hainla), dabdabe
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(Garuga pinnam), kavro (Ficus facon), phaledo
(Frvelrnaspecies) and Gliriciclia sepiarm,

The Contractor is required to supervise all
ficld aperations very closely. The planting of
tree and shrub cuttings is a delicate business
and should be approached in the same way as
the plantng of horticultural cuttings (e
those of tea]. The Contractor should employ
experienced agriculrural or forestry labourers
for this worlk,

Planting should always be started at the top
of the slope and under no circumstances
should new plants be walked on or otherwise
disturbed.

Brush layering should be constructed as given
below, unless specified differently.

(i) Starting at the bottom of the area to be
treaved, and using appropriate measur-
ing equipment, exact lines should be
marked out. From 1 metre above the
bottom of the slope, a precise contour
line should be marked out every 1 metre
up the slope.

(if) Starting at the bottom, terraces approx-
imately 450 mm wide on lanaslide
debris or 350 mm on road embank-
ments should be excavared along the
lines.

(i} Curtings should then be placed into
each trench at 50 mm centres, the cor-
rect way up and angled so that they are
at right-angles to the maximum slope
angle, All cuttings should be inserted to
a depth such that two-thirds to three-
quarters of their length is buried.

(iv) The trench should then be pardally
backfilled and another line of cuttings
placed along the trench at 50 mm cen-
tres and 100 mm behind the first line,
and with the individual cutrings offset
to coincide with the gaps between the
cuttings in the first line. This results in
curtings at 25 mm centres in each brush
layer (r.e. 40 cuttings per running
metre). The trench is then completely
backfilled and gently compacted. Any

STANDARD SPECIFACATIONS FOR BIC-ENGINEERING WORKS

loose or excess material 1s cleared down
the slope before the next line is planted.

(v) In some cases it will be specified that
cuttngs should be placed in a criss-
cross fashion. Where this is to be done,
one layer of cuttings is laid in the
trench at 30° to one side of the line of
maximum fall of slope. A second layer
of cuttings is laid on top of this, at 30°
to the other side of the line of maxi-
mum fall of slope. Backfilling and com-
paction are then completed.

Y. Palisades should be construcred as given

below, unless specified differentdy.

(iy  Starting at the top of the area to be
treated, and using appropriate measur-
ing equipment, exact lines should be
marked out. From 1 metre below the
top of the slope, a precise contour line
should be marked out every 1 metre
down the slope,

(i)  Starting at one end and using a small
bar (usually made of mild steel and
with a flattened end), a hole should be
made that is just big enough for the first
cutting, The cutting is inserted and the
soil is replaced around it and fitmed
with rthe fingers. The curting must be
the correct way up and angled so thatit
is vertical. The cutring should be
inserted to a depth such that rwo-thirds
to three-quarters of it is buried.

(iii} - This process should be repeated along
the entire line, with a series of cuttings
placed at 50 mm centres.

(iv) If a double line is specified, then a sec-
ond line of cuttings must be placed 1n
the same way, 100 mm behind the first
and with the individual cuttings offset
to coincide with the gaps between the
cuttings in the first line,

{v) The soil around the single or double
line is then completely backfilled into
any remaining eaps and gently com-
pacted. Any loose or excess material is
cleared down the slope before the next
line is planted.

~a



10.Fascines are bundles of hardwood cuttings

laid horizontally in trenches, and parallel to
the line of the trench. The bundles are
thereby completely buried. Fascines should be
constructed as given below, unless specified
differently.

(1) Starting at the bottom of the area to be
treated, and using appropriate measur-
ing equipment, exact lines should be
marked out. From 1 metre above the
bottom of the slope, a precise contour
line should be marked out every 1
metre up the slope.

(i} Starting at the bottom, trenches ap-
proximately 200 mm in depth should be
excavated along the lines,

(i) Curtings should then be laid along each
crench, so that they lie horizontally
along the trench. There should nor-
mally be eight eurrings together,
although where material is short a min-
imum of four cuttings is permissible.
They must be overlapped so thar no
fwo ends coincide. The cuttings must
then be tied using jute or coir (coconut
fibre) string at 500 mm intervals to
torm a bundle. As the fascine is created,
it thereby forms a continuous bundle
right across the slope,

(iv)  The trench should then be backfilled
and gently compacted. The top of the
fascine should be 50 to 100 mm below
the surface. Any loose or excess mate-
ral is cleared down the slope before the
next line s planted.

CoMMERCIAL CHEMICAL PercenTAGE
HAME FORMULA NPK
 Sulphate of amimionia (NH )50, 21 0.0
Urea - COINH,) 46-0:0
Triple superphiosphate GaH(PO,) 0210
Muriate of potash el 90 49
Complexol Unknown 2090
 Dlammenium phosphate {NH) HPO, 18 20 0
122

1.
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2.
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The Engineer may specify that orientations
other than along the contour of the slope are
used. In this event, the Contractor must alter
the laying out of lines aceordingly and meet
the precise angle required.

. [fthe soil is dry and there is no rain within 16

0 24 hours of planting, the site should be
watered carefully with a fine spray. The
Conrractor will be required to water for the
first two weeks after planting in the event of
inadequate rainfall.

USE OF FERTILISER

Under eertain circumstances, the use of
chemical fertilisers may be specified in place
of farmyard manure or mulching, Unless oth-
erwise specified, the rates given below should
be used.

Levels of ferdliser application vary according
to soil type and nutritional content, However,
if mutritional data are not available, the fol-
lowing figures can be used as a rough guide:
Nitrogen: 10 g/m-;

Phosphorus: 5 g/m”;

Potassium: 4 ¢/m”,

The table below lists the chemical composi-
tion and pereentage of the major plant nutri-
ent elements in the chemical fertilisers
commonly available in Nepal,

JUTE NETTING WORKS

The Contractor shall provide and install jute
netting as required by the Engineer. This shall
be done according to the specifications
described hereunder, as and when required.
The Contractor shall supply all necessary
expertise, resources and facilities to ensure
that these requirements are mer.

The Engineer may instruct that jute netting
applications be used in conjunction with
other techniques, particularly the sowing or
planting of grasses. In this event, the netting
should be applied before the plants are intro-
duced. When planting, the labourers must
take care only to hold or stand on the pegs
and not to disturb the nerting except when
catefully placing grass seed underneath on
the soil surface.

ROADSIDE BIO-ENGINEERING
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SUPPLY OF JUTE NETTING

The Contractor will manufacture or obtain a
supply of jute netting to the Engineer’s spec-
ification.

The derailed specifications for srandard jure
netting are as follows. ‘Standard’ jute netting
is used for placing on bare slopes and is nor-
mally planted with grasses. [Note: warp ends
are the length-ways threads and weft strands
are the cross-ways threads]

(i)  Material: High quality tosa {special
grained), 100% narural
jute fibre from the latest
hatvest, properly treated
and dried.

(i) Yarn: Handspun 5 to 8 mm.

(i)  Strip size: minimum 1.0 =% 10.0
IMELres;
maximum 1.5 x 11.5
metres.

(iv) Warpends: 27 ends per 1000 mm.

(v)  Weftstands: 20 1o 24 strands per

1000 mm.

(vi) Meshsize: 40 mm square mesh
holes,

(vil) Weight: 0.8 to 1.2 kg per square

mene.

The detailed specifications for wide mesh
jure netting are as follows. “Wide mesh’ jute
nerting is used for holding mulch on to slopes
which have been sown with grass seed, [Note;
warp ends are the length-ways threads and
weft strands are the cross-ways threads|

(i)  Material: High quality tosa (special
grained), 100% nataral
jute fibre from rthe latesr
harvest, properly treated
and dried.

(i) Yarn: Handspun 3 to 5 mm.

STANDARD SPECIFACATIONS FOR BIQ-ENGINEERING WORKS
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(iiiy Strip size:  minimum 1.0 X 10.0
metres;
maximum 1.5 % 11,5
metres.

(iv) Warpends: 7 ends per 1000 mm.

(v) Weft strands: 3 strands per 1000 mm.

{(vi) Meshsize: 150 % 500 mm rectangu-

lar mesh.
{vii)

Weight: 0.2 kg per square metre,

PLACEMENT OF NETTING

The Engineer will normally instruct the place-
ment of standard jute netting on slopes in
excess of 40° 1tis therefore a difficult task to
place the neting in an effective manner
which fulfils the FEngineer’s purpose.
Carelessly placed netting is often useless and
can actually be detrimental to the slope sur-

face.

1t is assumed that the site will alteady have
been prepared for the application of jure net-
ting, under a separate instruction; but it is
nevertheless the responsibility of the
Contractor to ensure that the condition of the
site Is good enough for the optimum effecr to
be attained. In any event, a smooth profile
must be obmined. All loose debris must be
removed. Concavities must be filled with well
compacted material or, in some cases, with
dry stone dentidon. Canvexities must also be
removed and it 15 essential that the general
profile does not have a shape giving over-
steep segments,

Starting at ane end of the site to be treated, a
roll of netting should be pegged 300 mm
above the slope ro be covered,

The netting should be rolled slowly down the
slope. Hardwood cuttings, ideally of simali
( Virex negunds) or pegs (usually made from
split bamboo culms) shauld be hammered
through the netting ar centres of 500 to 1000
mm; they should protrude about 80 mm.
Labourers must stand on these cuttings or
pegs and not hang on to the netting

[
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This process should be repeated until the
entire slope surface is covered. The strips are
then laced together with lengths of the same
jute yarn, to form a continuous net. The lac-
ing must form joins every 250 mm or less,

The tension of the netting must now be
reduced so that it hugs the slope surface pre-
cisely. This s done by pulling up about 200
mmi at the bottom of the netting and hoolk-
ing it on to the pegs a little higher up. This
process is repeated up and across the slope
until the netting rests snugly apainst the sur-
face and is nowhere tighr or pulled away from
the surface in minor concavities,

The netting should then be pegged ar 1000
mum centres with staples of 10 mm reinforc-
ing bar ar leasr 100 mm wide and 300 mm
long. firmly hammered into the slope face.
Additonal staples should be used to hold net-
ting closely against the face of concave slope
segments.

Finally, the bottom of the nerting is rrimmed
to give a tdv finish.

In the case of wide mesh jute nerting, it will
anly be specified foruse on slopes which have

lwul\. been treated with grass seed and
mulch. These will usually be less than 45° and
are therefore easierto work on, However, the
process of placing the necting is similar to
that for standard nerting.

. Wide mesh netting should be pegeed securely

at the top and rolled slowly down the slope,

Hardwood cuttings, ideally of simali { Vitex

negunde) or pegs (usually made from split
bamboo culms) should be hammered
through the netting at centres of 1000 mm;
they should protrude abour 80 mm.
Labourers must stand on these cuttings or
pegs and not hang on to the netring. This
process should be repeated untl the entire
slope surface 1s covered. The strips are then
laced together with lengths of the same jute
varn, to form a continuous net. The lacing
must form joins every 500 mm or less.

The tension of the netring must now be
reduced so thart it hugs the slope surface pre-
cisely and holds the mulch firmly against the
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surface throughout the area covered. The net-
ting should then be pegged at 1000 mm cen-
tres with staples of 10 mm reinforcing bar at
least 100 mm wide and 300 mm long, firmly
harmmered into the slope face. Additional sta-
ples should be used to hold netting closely
against the face of concave slope segments.
Finally, the bottom of the netting is rrimmed
to give a tidy finish, .

WIRE BOLSTER CYLINDERS

. The Conrractor shall provide and install wire

bolster cylinders as required by the Engineet,
T'his shall be done according to the specifica-
tions described hereunder, as and when
required. The Contractor shall supply all nec-
essary expertise, resources and facilities to
ensure that these requirements are met.

FABRICATION OF BOLSTER PANELS

Bolster panels will be either 5 x| metres or
5 X 2 metres in size, according to the type of
balster to be used. They will be woven with
an hexagonal mesh in the same way as nor-
mal gabion panels. For the panel frame, 10
swor alvanised wire should be used; for the
mesh, 12 swg is adequate. Wire should pref-
(,r'lhh' have a high grade zinc cn'mng Tailing
this, a medium grade zine coating is accept-
able,

2. Weaving should start from one of the long

sides. A total of 83 coils of wire should be
spaced evenly along the 5 metre length, This
gives a mesh width of about 60 mm. Each
weave should have three twists, as for normal
hcxz‘tgouu] mesh. [T done reasonably tightly,
this gives a length of abour 80 mm to cach
mesh link. In any evenr, the mesh length
should not exceed 90 mm. The mesh should
be rurned on to the larger frame wire at least
one and a half turns and made fully secure.

26872 PLACEMENT OF CONTOUR BOLSTERS

1

A contour bolster trearment gives a series of
stone-filled wire tubes of 300 mm diameter,
laid in trenches cut across the slope. The tops
of all the tubes should be flush with the sur-
face of the slope in which they are placed. The
purpose is to check scour of the slope surface

ROADSIDE BIO-ENGINEERING



by preventing the development of rills and
oullies.

The site to be treated should be given final
preparation immediately before bolster instal-
lation. All small protrusions and depressions
must be obliterared by cutting, or by infilling
and compaction,

- Startng at the base of the area to be treated,

=

n

and using appropriate measuring equipment,
exact lines should be marked out. From 2
metres above the base of the slope, a precise
contour line should be marked out every 2
metres up the slope,

Starting at the bottom, renches with circu-
lar base should be dug along the lines, ade-
guate to take the final 300 mm diameter
tubes.

Bolster panels should then be laid along the
wrenches and shaped to fit nearly into the base
of the trenches, as well as into any curves
formed as a result of the slope contours; each
panel should be securely joined to the next
panel, to form a continuous bolster tube,

The panels should be packed with stones,
closed over and the edges wired together. All
stones must be bigger than the mesh size. The
same care should be taken as when filling a
conventional gabion basket, and stones must
be carefully placed to give good structural
integrity.

The ends of the bolsters should be closed over
and wired togethet, The trenches around
all the bolsters should then be filled and
compacted with marerial lefr from the
cxcavations,

- Once all of the lines are in place, all surplus

debris should be cleaned off the slope. Mild
steel bars of at lease 10 mm diameter should
then be driven into the slope through the
lower sides of rhe contour bolsters. These
should be at least every 2 metres along the
lines. Bars should be 2 metres in length an
slopes composed of soft materials, but at the
Engineer’s discretion, on slopes comprising
hard rocky materials, bats of 1 metre length
will be adequate. All bars must be driven

ETANDARD SPECIFACATIONS FOR BIO-EMGINEERING WORKS

home until the tops protrude no more than
25 mm above the slope surface.

2873 PLACEMENT OF HERRINGBONE,
BOISTERS
1. A herringbone bolster network is in essence

[~

a system of wire tubes of berween 300 mm to
1200 mm in diameter depending on the
amount of water flowing through the site,
laid in trenches cut into the slope. A main
holster runs straight down the slope (the
spine] with others running into it at an angle
of 30to 50 degrees to the fall of the slope (the her-
ringhones or branches) depending on slope
angle and terrain morphology. The tops of all
the rubes should be flush with the surface of
the slope in which they are placed or inlaid to
allow boulder pitching to be laid over the top.
The purpose is both to check scour of the
slope surface by preventing the development
of rills and gullies, and to drain rhe surface
material in a similar way to a french drain.
The diagonal components should be ar 2 o
5 metre centres if measured straight down the
slape.

. The site 0 be treated should be given final

preparation immediately before bolster instal-
lation. All small protrusions and depressions
must be obliterated by cutting, or by infilling
and compaction.

. Starting at the base of the area to be treated,

and using appropriate measuring equipment,
exact lines should be marked out: every 7.1
merres across the slope, a line should ran
straight up to the top of the slope (these form
the main bolster spines). From the base of the
ling, and every 3 metres above this, othet
lines of 5 metres length should be marked at
43 degrees to the main line (these will form the
herringbones).

. Starring at the bottom, trenches with cireu-

lar base should be dug along the lines, ade-
quate to take the final 300 mm diameter
tubes, or 600 mm diameter tubes if larger (5 %
2 metre) panels are specified.

Lt it is specified that an impermeable lining
should be used, then 20 gauge black poly-
thene sheeting must be laid along the bot-

2
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toms of the trenches and the bolsters con-
structed on top of this,

Bolster panels should then be laid along the
rrenches and shaped ro fit neatly into the base
of the trenches, as well as inte any curves
formed as a result of the slope contours; the
panels of the herringbones should be securely
joined to the panels of the main bolster.

. 'The panels should be gradually closed

together and secured, working up from the
bottom of the slope, while stones are passed
in from above to fill them. The stones should
be randomly packed so as to allow free
drainage, and all stones must be bigger than
the mesh size. The same care should be taken
as when filling a conventional gabion basket,
and stones musr be carefully placed to give
good structural integrity.

. The upper ends of the herringbones should be

2880

closed over and wired together; they should
touch the ends of the next herringbones but
should not be secured to each other. The
trenches around all the bolsters should then
be filled and compacred with material lefi
from the excavations.

Once all of the lines are in place, all surplus
debris should be cleaned off the slope. Mild
steel bars of at least 10 mm diameter should
then be driven into the slope through the
sides of the main spine bolsters and the lower
sides of the herringbone bolsters. These
should be at least eve ry 2 metres along the
lines. Bars should be 2 metres in length on
slopes composed of soft materials, but at the
Engineer’s discretion, on slopes comprising
hard rocky materials, bars of 1 metre length
will be adequate. All bars must be driven
home until the tops protrude no more than
25 mm above the slope surface.

SITE PROTECTION

1. The Contractor is to protect a planted site for

the period specified. Protection is to include

the prevention of damage to all manner of

site works and plants by local people and
domestic orwild animals. It also includes an
active role in tending the plants and improv-
ing their growth, as specified below.

126
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Because of the long time required for plants
tor become rabust, the period of maintenance
by the contractor will normally be tfor rwelve
months. Howewver, in the case of small con-
tracts, a period of only six months may be
specilied.

PROVISION AND ROLE OF
SITE WARDENS

‘The Contracror is required to provide an ade-
quate number of site wardens to fulfil the
specified requirements. The function of a war-
den i1s broader than that of a watchman,
chowkidar ar heralu, Tt involves a number of
routine maintenance operations,

Wardens must be mature and reliable charac-
tets who need little supervision for the ade-
quate fulfilment of their duties, They must
be active and physically fit. Old people who are
losing their strength should not normally be
employed. They must be experienced agri-
cultural workers familiar with caring tor
plants, They must be prepared to remain on
site through all hours of daylight and through
all adverse weather conditions. They must eat
their meals on site and ar no dme leave the
site untended for any reason whatsoever.

The tole of the warden is primarily to tend the
plants. He or she must take the initiative in
weeding, mulching, replanting failed plants,
pruning and protecting plants against all
pests, This is an active role requiring individ-
uals with considerable energy and initiative.
The warden must work constantly to main-
tain and improve the site and its bio-engi-
neering plants.

The warden is also required to protect plants
on the site from damage by loeal people,
domestic and wild animals. 1n doing this he
or she should use a friendly approach to the
people as far as possible. The Contractor must
educate the warden fully in the reasons for
the job, so that he or she can explain to oth-
ers the importance of safeguarding plants on
the site. Wardens should be effective com-
municators with others since they also fulfil
an inevitable function as the ambassador
between the Department of Roads and loeal
road neighbours.

ROADSIDE BIQ-ENGINEERING



2882 FABRICATION OF BAMBOO
TREE GUARDS
L. "The Contractor shall provide bamboo tree

%)

guards as required by the Engineer, This shall
be done according to the specifications
described hereunder, as and when required.
The Contractor shall supply all necessary
supervision, resources and facilities to ensure
that these requirements are met.

The bamboo strips used to make bamboo tree
guards are to be made from mal bans
(Bambusa nutans subsp cupulaza) whilst the
uprighrs are to be made from tharu or dhanu
bans (Bambusa nurans subsp nutans or
Bambusa balcooa). Bamboo tree guards shall
be a minimum of 450 mm in diameter by
1300 mm in height so that they are able to
provide sufficient protection from grazing
and from the elements for the first 18 months
after planting the seedling,

The guard is made by cutting five bamboo
posts which are a minimum of 50 mm wide
by 10 mm thick and at leasr 1600 mm long,
The pasts should be cut so that they have a
strong spear-like point at the bottom that can
be driven into the ground when placing out
on site. The bamboo poles used 1o make the
uprights should bea minimum of 3 vears old.

Bamboo strips, a minimum of 5 mm thick
and 50 mm wide are cut from poles thar are
at least 2 years old. The bamboo used must be
split so that the outer wall remains intact.
Only lengths with the cuter wall intact are to
be used. The split bamboo should be the
length of the whole bamboo pole that iris cut
from, or as long as possible, The split bamboo
must be woven in and out of the bamboo
uprights and pulled tight, so that it is firm
and strong, The end of each of the strips must
bewoven back into the basket and tied with
binding wire to keep itin place, End picces
must not be left sticking out and unbound,
because they quickly get broken and the bas-
ket starts to unravel from this point. The split
bamboo should be woven round the poles so
that when they are tightly pressed down there
are no gaps in the guard.

STANDARD SPECIFACATIONS FOR BIO-ENGINEERING WORKS

2883  PLACLMENT OF BAMBOO
TREE GUARDS
1. Tree guards are to be installed on site at the

time of planting, no later than the second
week of July, and must be placed carefully
around the planted seedlings.

The wee guards should be placed over the
seedling immediately after planting. The
uptight posts must be firmly driven ar least
200 mm into the ground so that the puard is
able to resist bashing and rubbing from cows,
buffalo, goats and people. The woven slats
should be pushed down firmly from the bot-
tom upwards so that they touch one another
and are free from large gaps.

Tree guards alone are not adequate protection
for small plants, The Contractor must provide
a site watchman in addition, for the time
specified, to maintain the tree puards and
ensure that local people respect them, and
generally fulfil all the requirements of clause

2881,

2890 SITE AFTERCARE AND

2,

MAINTENANCE

The Contractor shall maintain planted bio-
engincering sites as required by the Engineer.
This shall be done according to the specifica-
tions described hereunder, as and when
required. The Contractor shall supply all nec-
essary expertise and resources to ensure that
these requirements are met.

The Contractor shall carry out weeding as
required throughout the site. All annual
weeds and orher unwanted plants shall be cut
just above the ground and the aerial parts will
be used to make compost or mulch, Weeds
must not be pulled out by the roots since this
disturbs the ground surface.

Weeding should be carried out throughout
the growing season. It must be undertaken
with particular diligence at the end of the
monsoon, so that there s the minimum
amount of competition during the subse-
quent dry season,

.|



n

6.

..-\-'i

o0

The Contractor shall carry out mulching as
required throughout the site. All plants
required under the bio-engineering specifica-
tions will be mulched using marerial prepared
as specified in clause 2835, or the aerial parts
of weeds cut on the site or brought from else-
where for the purpose. The desired plants
should be kept mulched at all imes but espe-
cial care must be taken in the spring, when
the soil moisture deficit is at its greatest.

The Contractor shall replace failed, damaged,
diseased and very weak plants, using fresh,
healthy plants of the same species, ar the cor-
rect time of year for planting, This replant-
ing operation will normally be carried out
during the monsoon in the vear following the
first planting works. Vegetation structures will
be enriched by the planting of additional cut-
tings or seedlings, as instructed by the
Engineer. Failed "scr:ding areas will be re-
seeded at the appropriate time of vear.

In replanting and enrichment works, the
Lingineer may specify the use of different
species. This will be done where failures or
poot performance of plants may be attributed
to poor stock or an incorrect mitial choice of
species,

All bio-engineering sites must be maintained
so that there are at least the following two
storeys of vegeration. In certain locations,
however, there may be a number of addi-
tional vegetation storeys.

(i} A dense ground cover of healthy grass
plants, in the configuration specified
at the time of planting,

(il) An open canopy of shrubs or trees with
a deeper rooting network,

In general it is necessary to keep the upper
canopy thinned in order to maintain the
lower ground cover. Most grasses require high
light intensities and become degraded if sub-
jected to excessive shade from the overstorey.
Itis therefore the Contractor’s responsibility
to thin the canopy as necessary to permit ade-
quate levels of light to penctrate for the opti-
mum growth of the grass understorey.

g
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11

All thinning and pruning operations are to
be undertaken in accordance with the guidelines
tssued by the Geo-Fnvironmental Unit. Since
these are skilled silvicultural aperations, the
Contractor must take appropriate profes-
sional advice and employ suitably skilled per-
sonnel,

All products from thinning and pruning
operations are to be disposed of in accordance
with the regulations of His Majesty’s
Government, The Contractor should follow
the instructions of the Engineerin this regard.

Other maintenance operations are to be
undertaken by the Contractor according to
the instructions of the Engineer.

ROADSIDE BIO-ENGINEERING



Bio-engineering case studies

JOGBANI-DHARAN ROAD, km 33+840

Brief site history

This section of road was rehabilitated in
1991 /92, At the same time, the embankment
was raised slightly and the road pavement
widened to occupy the entire top of the
embankment.

Engineering functions required

The shoulders of the embankment were uncon-
solidated and needed armouring. Considerable
amounts of water runs off the pavement in
heavy rain.

Solutions used

L. Grasses were used to armour the shoulders,
They were planted on one side and seeded
on the other, mainly for comparison. The
lines planted on the eastern side grew faster,
but adequate armouring was provided by
both methods. The species used was khus
(Veaveria lawsoni).

Ormnamental shade trees were planted at
intervals on the ground between the
embankment and the original borrow pits.

o
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DHARAN-DHANKUTA ROAD, km 5+700

Brief site history

A complicared failure occurred in a gully to the
west of a hairpin stack on the steep Mahabharat
ascentabove Dharan. A long masonry cascade,
which drained the hairpins, failed catastrophi-
cally in 1988 and give rise to a large landslide-
gully complex.

Engineering functions required

The slope remaining afrer the failure required
support to prevent further mass movement,
reinforcement and anchoring of the loose
debris.and armouring against erosion. Drainage
needs were removed by diverting the water,
Carching debris was not important, as small
amounts of debris could easilv be removed by
the steeply falling (and already debris-laden)
Khardu khola,

Solutions used

1. The lead-off drains were hlocked and the
side drains re-arranped to discharge through
a different cascade.

2. Toe support was provided by a concrete
masonry retaining wall at the base of the
slope; this also acted as river protection to
prevent undercutting.

3. The slope was broken into smaller segments
through the construction of seven major
gabion check dams: each of these also served
a support funcrion, since they were designed

as retaining walls for the slope segments
abhove.

4. All walls were backfilled with compacted
spoil. Excess spoil was removed to a safc
tipping area.

5. Armouring and shallow reinforcement were
provided by gabion wire bolsters, which
were installed ar 2-merre centres on all fill
and loose debris areas.

6. Additional support was provided by plant-
ing bamboos above the toe wall. The species
used was tharu bans (Bambusa nutans).

7. Tree seedlings were planted at | metre cen-
tres between the gabion wire bolsters on all
fill and loose debris areas. The species used
were khanvu (Ficus semicordaza), various siris
species (Adbiziaspecies) and tanki (Baulrnra
purpurea), These were to provide reinforce-
ment and anchoring,

futch and
wide-mesh
fiite netting
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. Slips of the grass sito ( Nermudia aruadinacea)
were planted on particularly critical sections
of the middle slope, to provide more
armouring and reinforcement.

. 'The upper section, which consisted of the
failure head scar, was seeded with the grasses
phurke (Arunduella nepalenses) and siro
{ Neyraudia arundinacea); the seeds were cov-
ered in muleh, which was in turn held in
place with wide mesh jute netting, This pro-
vided complete armouring (and later, rein-
forcement as well),

10.The upper section was also sceded with bhu-

jetro (Burea minor) o provide anchoting of

the remaining loose debris,

b2t}
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The masonry cascade thal drained this hairpin failed
calastrophically in 1988 and produced a large
landslide cum gully complex (left). A series of gabion
check dams, which alse had a retaining function, were
constructed to break the site inlo smaller segments.
The bio-engineering package included bamboos
planted above the toe wall to increase support.
Planted seedlings of khanyu, lanki and siris grew to
reinforce and anchor fill and loose debris areas. Sito
slips armoured and reinforced the most critical areas,
The head scar was seeded with phurke and sito,
mulched and held in place by jute netting. This
provided complete armouring. Bhujelro anchored
remaining loose debris. The slope is now well
protected by a combination of civil and bio-
engineering works(right)

BIO-ENCGINEERING CASE STUDIES
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DHANKUTA-HILE ROAD, km 4+700

Brief site history

An herently unstable slope in weak, deeply
weathered gneiss was disturbed by road con-
struction. Gradual subsidence was noticed fol-
lowing construction. Duting upgrading n 1990,
the worsening mountain-side failure required
complete rehabilitation. At the same time, 1t was
decided to attempt stabilisation of the steep val-
ley side slope to reduce distortion of the new
metalled road surface and preventa possible cat-
astrophic failure,

Engineering functions required

Valley side. Ideally, major toe support was
1'L'{]lli1.'ud, but foundations were poor and the
estimated cost was prohibited. Support to the
road Hselfwas therefore planned, with extensive
dratnage, reinforcement and anchorage of the
slope. Armouring of the weak, erodible, gneiss-
derived soil was also essential.

Mountain side. Toe support was required to
support the remaining debris mass. Otherwise
mainly armeuring was required, with some rein-
forcement of the debris above the support wall.

Solutions used

Valley side

L. The road irself was supported by a gabion
retaining wall at the top of the valley side
slope, The other measures were therefore
criticalin srabilising a slope wiich was already
subsiding and now additionally surcharged.
The slope was re-graded following the con-
struction of the gabton wall, and concavities
were filled with dry masonry to provide
local support. On the steeper southern fank,
the slope was broken into shorter segments
using 3-metre high dry masonry support
walls.

P

3. Dramage was provided through a range of
measures, Hermngbone gabion wore bolsters
were installed. The existing cascade was
improved. Fascines of simali (I7%ex wegnde)
were laid 1in subseil drains.

4. Armouring and shallow reinforcement were
achieved by sowing phurke (Arsnduelia
nepaieiiisy throughout the slope.

5. Deeper reinforcement and anchorage were
provided by plantng seedlings of uns (4w
nepadensisy, nebharo (Fieus auriculata) and
ather trees.
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Toe support was provided by a gabion breast
wall. A concavity in the head slope was filled
with dry masonty to provide local support.
Additional support was provided by plant-
ing large bamboos (bans or Bamwbusa species)
to the south of the breast wall.

The head slope was trimmed and armoured
with standard jute netting and slips of kans
(Saccharam spontanenns).

The shrubs areni (Acacia pernata) and ker-
aukose (Indigofera atroturpurea) were planted
to reinforce the debris above the gabion
wall.

Trees were planted around the head of the
scar to provide products for local farmers.

ROADSIDE BIO-ENGINEERING



This section of the Dhankuta-Hile road failed

some years after construction (top, left). The
likelihood of poor foundations ruled out the
provision of major toe support, which could
otherwise have been provided. Phurke was
sown o armour the slope and provide some
reinforcement. Seedlings of ulis and nebharo
were planted to offer deeper reinforcement
and anchorage (top, right), Tog suppeort was
provided by a gabion breast wall and, later,
supplemented by a plantation of large
bamboos (above).

BID-ENGINEERING CASE STUDIES
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Baglung loop, December 1994

Mansoon rains
badly damaged
the Pokhara-
Baglung road
shortly afler
construction in
1993, Material
fram road
cuttings had not
been tied to
slopes, leading
lo massive scales
of erasion and
gullying. Loose
soil and debris
dislodged by
heavy rain
blocked the road
and drains and
damaged {he
road surface,
hindering traffic.
Material
cascaded down
the steep slopes
to smother
cultivated
famland below.

Large white car

Damaged cul slope
of lower section

Eroding slope”
below lower road
section
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Baglung loop, September 1997

Rahabilitation
called for the
construction of
toe walls to
support actively
unstable sections
of the slope, and
the rebuilding of
drains. Bio-
engineering
maasuras
included checking
further erosion
by planting dense
line of grass and
seading the
largest areas of
coarse debris
with grasses,
shrubs and trees.
Babiyo, a clump ¥ - i oran
grass thal prefers : b Babuyo hinding fine matarial
harsh, dry sites, G, £ among fragmentad rock
was planted to - e o g e
bind the finer soil e i e
between rock
fragments.
Strategically placed
toe walls
Main debris area seeded
with grass and planted
with shrubs. Only coarsest
material remains bare

s car me i

Rebuilt drain, using i S .. Farmer has planted

gabion works FrEe i banana trees

Critically steep
slopes densely
planted with grass
lines
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MAPPING OF LARGE AND COMPLEX

LANDSLIDES

The Roadside Bio-cngineering, Site Handboolk gives
asimple procedure and proforma for site assess-
ment, as a guide to assessing the treatment
needs of bare and unstable slopes. That is ade-
quate for the majority of cases. However, in the
case of large and complex landslides, 2 more
detailed procedure for site assessment is
requited. This is necessary to ensure that all
aspects of the failure are addressed. It can then
be used either as a basis for determining the
remedial treatment or in discussing the need for
a full investigation by specialists. However, an
experienced and eonscientious professional will
be able to assess almost every aspect of a land-
slide from the procedure described here.

This pm"udurc will help you to map an
unstable site and observe all its significant fea-
tures. The procedure is given in logical order but
vou do not have to tollow this order in every
case. An advantage of observing the site in a
methodical way is thar there will be less risk of
missing an important feature. The column on
the right suggests the action you should take.

The basis of the site record is a drawing of the
site. A simple sketch will do. It does not have
to be to scale. Its purpose is to help vou to
understand the geometric relationships
between features of the landslide, It also enables
you to record concisely your measurements and
where you took them from. Any notes you
make can also go on the drawing, but if they are
lengthy, or if you wish to describe some detail
of the slide by additional drawings and notes,
these are best recorded separately in your note-
boolk. 1t is good practice to make all your draw-
ings and nores in one notebook. In this way
pages do not get lost and records are kept in
sequence,

The equipment you will need is as follows:

@ clipboard, pen and paper;

® acopyof Annex A of the Roadside Bio-
engincenng, Reference Manuak optionally,
you can take the whole Reference Manual to
refer to on site;

& 1 copy of the Roadside Bio-engincering, Site
Handbools,

@ 2 hammer:

® 2 compass-clinometer (available from the
Geo-Environmental Unit of the
Department of Roads); alternatively, a
simple compass and an Abney level;

® (optionally) 30-mette and 3-metre tape
measures;

@ (optionally) a geological hand lens for close
inspection of rock conditions {(available
trom the Geo-FEnvironmenral Unit of the
Deparrment of Roads).

ROADSIDE BIO-ENGINEERING



Stage1

Stage 2
(@)

(b)

(]

(d)

(e)

4]

(9)

Procedure for the mapping of la

ProcenuRatl

nd complex landslides
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Initial observati of the g rphology.

Look atthe general |ocality and situstion of the site:

* make a nole of the exact location so that you can direct others to the site if necessary;

¢ seeif itis in a par of the landscape where instability would be expected (refer to Figuras 2.6 and 2.7 inthe
Reference Manual pages 51,52);

* sae if the onantation of the rocks, cutcropping on the hillside arcund the site, indicate that the cause of the fallure
may be due to rock siructure, either as planes of weakness or movement of water along fraciures;

* look atether sites in the area: they may have a similar geomarphic situation and a similar life progression,

Sketch the site from the road or other good observation point

Draw the main features:

* concenirate on getting the general proportions comect:

* astimate the length from top to bottom: record this on the drawing;

* estimate the width across the base: record this;

* sometimes the landslide may be very complex, and scme additional sub-drawings may halp.

Loak for the landslide zones:

s scar;

= transport

* debris

Nole that you cannot yet see whelher there is a zone of cracking above the scar. You do not have to record these
zones onthe drawing, but the completed drawing should be sufficiently well llustrated and labelied (o let anather
persen recognise which zonss are present and whera they are

Examina the material forming the original hill slope:
* debris,

* soff rock;

& hard rock;

* alternating hard and soft rocks

All of these could be present onona landslide. The drawing should show where they are, You will have to check
your classes during the site walkover [Stage 3b).

Sketch a slope profile of the site from top lo bottorn. Angles do not have o be precise, but should indicate relative
steepness. It can be augmented with maore datail (e.g. with slope measurements) as you walk up the slide
Note that slopes =35 tend o be unstable unless composed of solid rock

Sketchihe surface water drainage:
® sireams;
* any springs that may be visible from where you are standing.

Sketch areas of rock outcrop

Landmarks: note any abvious landmarks on the site, such as prominent trees. This will help you to keep your
bearings as you walk over and around the site.

AcTion

Observe

Draw

Draw

Describe
and

Draw

Draw

Draw
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ANNEX A

Proced ndslides continued
PROCEDURAL STEPS . R B i o . i . Acrion
Stage 3 Walkover survey
{a) Walk up the cartre of the slide to the crown (head of scar}. Measure the angles of major slope units. Measure
Ifthe siope is toe steep or dangerous, walk around the edge, looking into the scar
(b} Rock: visil each rock outcrop, Measure any relevant rock planes (see Chapter 2.4c of the Referance Manual, page 54,
of observe how the planes relate Lo the siope and failure planes. Make sura that the rocks and
abserved are true oulcrops (attached to solid rock beneath) and not simply large boulders parlly buried an the describe
slope. Check the weathernng grade: hard rock s from weathering grades 1 fo4 and rings when struck with a
hammer), soft rock 1s in weathering grada 5 or softer, and gives a dull thud when struck with a iammer}.
Mote the:
= uniformity or layering (bedding) of the rock units;
& degree of weathenng (hardness and discoloration of minerals) of the rocks;
® degree of fracturing, especially any open fractures;
® signs of water movement alang fractures.

(c) Debnsand slope: indicate the area of the slide that is occupied by debris Describe
® |ocation and extent of landslide debris; and
® compositicn of debris; draw
# wetness ofdebns;

& dapth of debris ! depthof faillure plane;
® [pcation. orientation and size of any cracks in the debris or on the slope;
@ any back-lited slope, where waler may collect (ifthis is present, itindicates a deep-seated clroular fallure — 2 shear failure);
* tiited trees: these can indicale subsiding ground;
@ disrupted enginearing structures, 6.9 masonry surface drains,
* paints of ground water seepage.
(=] Margins and top. Look for the following Draw
® Cracks inthe ground: cracks are most frequent sbove the head of a slide, but thay often ocour also around Lha
sides. The presence of cracks shows that the ground is under tension and that it will probably fall, and soon.
Mote the location, dimensions and onentation of the cracks. This information tells wouwhere, and in which
direction, the ground is under tension. The area of aracking tells you the area over which failure is about o take
place;
® Streams, springs, irigallon channels or drainage structures, especially masonry drainage ditches. These features
may be sending water into the shide. They may either have caused it inthe first place, or they may be
contributing to further failure. |rigation channels and masonry drainage dilches should be inspected closely
for any signs of cracking and ieakage;
® |rregular iopography, not due lo rock outcrops. This may indicate the presence of an old landsfide, in which
case you will have 1o survey the whole of this, too.
Conlinue walking up the slope above the landslide until thers is no further evidence af instability. This may mean
walking al least 50 medres higher than the landslide scar, and much further Frecessary,
(&) Base of the slide: describa tha features and ground conditions at the base. Possibflities are as follows. Describe
* intact road. Instability is from above only. The road may be buned butthe road itselfis not disrupted by the slide
plane. Note: if tha road is disiurbed, the road cannot be at the base and the slope conditon at the base must
cume under one of the three categonies below
* Stable, undisturbed hill slope
® Linstahle hill slope. Cracked ground, landslide or topography that collects water
® Stream, with a possible nsk of scour and undercutting of stope

s
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Procedure for the mapping of large and complex landslides continue

DDLU &4 5 5 6 5 9 5 % ¥ % 3900 5 § 4 5 e wis s : Ao
Stage 4 General assessment Describe
{a) Causes and mechanisms of instability. Based on your observations, assess whetherany pan of the failure is due to
the following causes, Mark them on your plan of the site.
Surlace water
* Erasion, or soaking of surfaca to causae shatlow siiding
® Effects of water infiltrating from surface. Causes shallow failures.
Ground watar
® CGround water causes increased pore waler pressure at depth
* Fajlure plane is deeper than in surface water failure,
Wealhering
® Hock shear strength is reduced by weathering. Rock strength is reduced as constituent minerals are broken down
Into westhening products and ciay minerals. Physical bonds between rock constitu ents are weakened or broken.
The rock can faill along weakened fracture planes or through its bady:
Undercuting
® Slope is undercut by a flawing stream or by the opening up of a road cutting.
® Incision (downcutting) or lateral scour by streams is a major cause of slope failure. The iritial fallure can wark
rapidly up siope.
Additian of weighl
& Weight added usually by landslide debris from above or by the dumping of spiil,
(k) History and iife progression of slide. Assass tha likely evolution of fhe shide from its current condition into the future Describe
Possibilities are as follows
® Stable slope formed, or will stabilise naturally
® Single fallure to stable rock plane or stable slope configuration. Thisis 3 relatively rare sitluation.
& Further movement s expected, by a less serous mechanism. Less serious mechanism’ means a movemeant 51 a
depth shallower than that of the eriginal failure. This means that the instabilily is gaing through post-slide
adjustment.
® Repeatsd movement expacted, by the initial mechanism or another equally sericus
® Further movement is expectsd, by a more serious mechanism. 'Mare serious mechanism' means a movement ala
greatar depth than that invalved in the original failure, or a mass movement invalving a different cause or
mechanism.
(c) Severity of instability Check
Fillin the Check List for Assessing Severtty of Siope instability. (Reference Manual, Annax A). list
This does not quantify the severity (it s still impossible {0 do so in a way which permits meaningful comparisons)
bul sllows you lo assess the severity rapidly, On the check list, the crteria in each catagory get progressively larger,
mere difficull and harder to rectify. Tharafora in assessing sevarity, yau should look at how far down each list you
have licked each of the twalve categories
Stage 5 Determination of site treatment Refer to
‘You should now have as much information as you are able ta obtain from a straightforward site investigation Site
without specialist advice and equipment. Refer to the companion volume, Site Handbook of Rogdside Handbook
Big-engineering, Section 1, forinstructions on how lo determine the site treatmeant
IFthe site is large and your investigation shows thal the instability is the result of a deep-seated failure, you should
contact the Geo-Envirenmental Unit of the Depariment of Roads, and discuss the need for a special site investigalion.
ANNEX A 139




‘;f( CHECK LIST FOR ASSESSING SEVERITY OF
= SLOPE INSTABILITY
=z
< Within sach section of he Check List, the conditions are described in order of increasing severity. A sile that can be deseribed by the first category
in each section is relatively mild and straightforward to stabilise. A sile that is described by the last category in each section is a severa problam,
often requiring large scale civil engineering works to repair,
Road: —_ Chainage: — = Observer; Datea:
1 LOCATION OF SLIDE 2 TYPE OF SLOPE AFFECTED
O Offroad alignment but within DOR responsibility [ Road cutting but not hill slope
| Above road - any distance 1 Hillslope but not road cutting
1 Below road - any distance O Road culting plus hill slope
T Between roads, i.é. above one road and below another It Embankment, fill or spoil slope
Through road {slide is above and below road)
3 SLOPECONDITIONS ABOVE SLIDE & 4 SLOPE CONDITIONS BELOW SLIDE {or below road,
{above road, if road is at top of slide) ifroad is at base)
[1  Crestofridge, or gentle slope (less than 357) r Stable, undisturbed hill slope
[ Stabde, undisturbed hill slope | Intacl road at base of slide (road may be buried, but i it
O Unstable hill slope. Cracked ground, another landslide or topography that is disturbed, road is not at base)
collects water | Unstable hill slope. Cracks, landslide or lopography
[ Cutoff drain or take-oul drain collecting water
[1  Irigation channe! (kuko) O Steam
5  GENERAL TYPE OF FAILURE 6 MATERIAL FORMING ORIGINAL (FAILED) SLOPE
(1 Erosion, riling or gullying up 1o 2 m deep 01 Debris, colluvium or alluvium
0 Gully more than 2 m deep il Softrock {weathering grade 5 or equivalent)
1 Mass movement (slide, flow or fally 0 Hard rock (weathering grades 1 - 4)
]  Altemating hard and soft rocks
7 FAILURE MECHANISM 8 CAUSE OF FAILURE
7 Eresion (ril, gully or pipa) O Surface water. Erosion, or soaking of sufface: shaliow
[ Plane faillure in rock (slide, fall) slidefMow
O Colapse (fall with disintegration) O Ground water, causing increased pore water pressure
[ Flowor shear faillure (slumg or slide) atdepth
O Undermining | Addition of spail or landslide debris
O Weathering
i Underculling of slope by stream or road cutling
9 DEPTHOF FAILURE 10 LENGTH OF FAILURE (top to bottom)
1 Lessthan 25 mm Erosion 1 Upto 15 m
[m] 25 - 100 mm } (| 15 - 7w m
o w0 - 280 mm }Slide, slump, | ™ - 1B m
[m} 250 - 1000 mm | flow or Fall 0 Morathan 150 m
1 Marzthan 1000 mm }
1 HISTORY OF SLIDE 12 LIFEPROGRESSION OF SLIDE
O Not moved within the last 5 years [l Stable slope formed, or will stabilise naturally
i1 Moved within tha last 5 years bul not this year 1 Further movemen| expecied, by less senigus &
1 Moved this year for the firsttime mechanism (post-slide adjustrnant)
C Moves every year by initial mechanism - diminishing [0 Repeated movement expected, by initial mechanism ar
[l Moves every year by initial mechanism - constant or getling worse another aqually serious
140 BROADSIDE BID-ENGINEERING




ANNEX B

DETAILS OF THE MAIN
BIO-ENGINEERING SPECIES

e
GRASSES

AMLISO
Thysanolaena maxima

Character
Large clumping grass.

Role in bic-engineering

Used in all configurations of planted grass lines.

roomrt

Description

‘The grass is used to make kuchos. It is a large-
leafed grass closely resembling a bamboo. It has
broad culms, perhaps 10 mm in diamerer, and
leaves about 80 mm wide at their broadest,
tapeting to a pomnt and about 500 mm long. The
leaves are dark green and have a distinctive pat-
tern of indentations running across them about
two-thirds of the way up. There are no branches
from the stem and the culm is not hollow. The
clumps can be a metre or more in diameter. The
culms and flower heads are up to 2 metres in
height. It has a massive rooting system stmilar
to a small bamboo.

Sites

Terar — 2000 m

Common in the damper areas of forests
throughout much of Nepal. Despite 1is apparent
preference for cool, damp areas, it grows well
when planted on reasonably dry, stony sites,
and 11 some hot bur relanvely humid areas.
Hewever, it is not as tough as many other
grasscs.

Propagation

It 18 easy to propagate from rhizome cuttings,
though success 15 much greater in hot locatons.
There is also evidence that single-node culm cut-
tings can be successful if carned out with cace.
Seeds are very small and seem to be difficult to
getminate in nurseries. Seeds are collecred
between Falgun and Baisakh (March to Apail).

Cultivation and maintenance

Depending on the site, amliso may require the
following:

® weeding;

® protection from grazing,

It should normally be cut 1n Magh or Falgun.

Uses (other rhan bio-engincering)
Brooms, fodder,
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BABIYO
Eutaliopsis binata
Also called sabai grass.

Character
Medium-sized clumping grass,

Role in bio-engineering
Used in all configurations of planted grass
lines. Also used for direct sceding,

Description

The grass has very strong fibres and is nor-
mally used to make dori. 1t is a clumping
grass with very thin leaves and a coarse feel.
It is of medium stature, growing to a height
of about 750mm. Babiyo has a characrer-
istic droop, hanging down steep slopes asif
laid on purpose as a kind of thatch. Flowers
arc white.

Sites

Terai — 1500 m

COccurs in the Terai, Churia and lower river
valleys throughout Nepal. It grows well on
very harsh, hot, dry sites and on steep
slopes, even on very stony sites.

Propagation

The most common method of propagation
is by splitting out clumps to makes slip cut-
ting. It can also be propagated from seeds.
Seeds are collected between Poush and
Palgun (January to Februaty).

Cultivation and maintenance
Depending on the site, babiyo may require
the following;

® weeding;

® protection from grazing.

[t should normally be cut in Magh or
Falgun.

Uses (other than bio-engineering)
Ropes, paper, fodder.
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ANNEX B

DHONDE
Nevraudia revnaudiana

Character
Large clumping grass,

Role in bio-engineering
Used in all configurations of planted grass
lines. Also used for direct seeding

Description

A large-stature forest grass. The leaves are thin
but grow to about 400 mm in length. The stem
is hollow like a hamboo and it has a single small
branch from every node. 1t forms thick clumps
of at least 750 mm in diameter and puts up rhi-
zomatous shoots similar to those of bamboos.
The seed head is large and bunched but lighter
than that oof site,

Sites

Terai — 1500 m

Common in many dry forest ty pes, particularly
in castern Nepal. Tt grows in the dry, south-fac-
ing rain shadow areas where its natural sites are
very harsh. Dhonde tolerates the very driest of
sites; equivalent to sito in its range.

Propagation

Lt is easy to propagate from slip cuttings or from
seeds. It can also be propagated from culm cut-
tings. Seeds are collected between Mangsir and
Magh (December to January). There are approx-
imately 15,520,000 sceds per kilogramme.

Cultivation and maintenance

Depending on the site, dhonde may requite
the following:

® weeding:

® protection from grazing,

It should normally be cut in Magh or Falgun.

Uses (other than bio-cngincering)
Fodder, poor thatch.
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DUBO
Cynodon dactylon

Character
A low. short grass which forms a continuous
cover rather than producing clumps,

Role in bio-engineering
Used enly for turfing.

Description

A common, invasive creeping grass which forms
4 tough sward in many bare areas. It has leaves
of about 50 to 75 mm in length and is green
wirh a slightlv blue hue. It rarely stands more
than 100 mm in height, or 50 mm if grazed.

Sites

Terai - 1800 m

Known to produce good growth on fertile sites
but is less productive where the site is poorer, Tt
is a secondary coloniser and appears in most
arcas that are regularly grazed. It is stolonifer-
ous, so spreads well and is invasive in many
areas. Dubo rolerates fairly intense grazing,

Propagation

This is most easilv done by either root or stolon
node cuttings, It grows vigorously from hoth.
Seeds are very difficult to collect.

Cultivation and maintenance

Duho requires little attention once it is estab-
lished, although it may require weeding in the
first gl’ou*ing season. It daes not need to be cut,
Protection from grazing is not required, and in
fact this may lead to it being overwhelmed by
other, larger species.

Uses (other than bio-engineering)
Fodder,
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ANNEX B

KANS e =
Saccharum spontancum

Character
Large clumping and spreading grass.

Role in bio-engineering
Used in all configurations of planted grass
lines. Also used for direct sceding,

Description

There are two varieties of kans, which have
slight differences. One type is a roor developer
and sends shoots from every node of the roots,
burit does not have a proper rhizome, It forms
dense elumps, up to about 750 mm in diameter.
The other type has a semi-rhizomatous root sys-
tem but develops mainly by stolons. These can
spread rapidly and put roots down from the
nodes, although moisture is needed for kans to
do this vigorously. The appearance is similar ta
an enormous spider erawling across the ground.
Both types have similar leaves although the
stems and leaves are slightly softer in the case of
the stoloniferous varicty. The leaves are slightly
blue in colout, long, very thin and coarse, with
a channel running up the middle, The flower
heads can be 2 to 3 metres in height and are a
brilliant white, making this grass highly dis-
tinctve in the autumn.

Sites

Terat - 2000m

The most widespread large indigenous grass in
the Terai and lower mountains throughout most
of Nepal. It oceurs naturally on coarse alluvial
soils, including very gravelly and stony arcas
beside rivers, Kans withstands waterlogging,
inundation and severe drought, It also with-
stands grazing, but will not thrive if the shoots
are eaten repeatedly, When planted, it survives
well on very hot, dry and harsh sites. It is prob-
ably the toughest of the low-altitude grasses,
with a deep rooting system and widely spread-

ing stolons.

Propagation

It can be propagared most easily from slip cut-
tings, and in fact is the easiest of the grasses to
grow by this means. It can be grown from
stolons if they are available. I grows from seed
but not so well. Seeds are collected between
Kartik and Poush (November to December).

Cultivation and maintenance

Depending on the site, kans may require the
following:

® weeding

® protection from grazing.

It should normally be cut in Magh or Falgun.

Uses (other than bio-engineering)
Poor fodder, poor thatch.
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KATARA KHAR
Themeda species

Character
Large clumping grass,

Role in bio-engineering
Used inall configurations of planted grass lines.
Also used for direct seeding.

Description

A large-starture forest grass, The stem is thick,
usually up to 10 mm in diameter. The colour
malkes it distinct from the smaller khar: it has
grey colouration where as khar is brownish red
when it ripens. The seed head is long (approxi-
mately 500 mm) and spiky in appearance; it also
curves downwards like dhan (rice).

Sites

Terai - 2000m

It is a widely occurring species and grows in
many forest types in its range. However,
although katata khar does grow on dry, south-
facing slopes in wetter areas, khar is tolerant of
much drier sites.

Propagation

Lt can be propagated from slip cuttings, It also
grows from sced. Seeds are collected berween
Aswin and M angsir (October to November).

Cultivation and maintenance

Depending on the site, katara khar may require
the following:

® weeding;

® protection from grazing,

It should normally be cut in Magh or Falgun.

Uses (other than bio-engineering)
Fodder, thatch.
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ANNEX B

KHAR
Cvmbopogon microtheca

Character
Medium large clumping grass.

Role in bio-engineering
Used in all configurations of planted grass lines.
Also used lor direct seeding,

Description

The grass most commonly used for thatch. Itis
a medium-stature grass, of a similar size to
phurke but not as large as sito or dhonde.
Clumps are perhaps 500 mm in diameter and
the Hower heads are up to 2 metres high. Leaves
are similar to those of kans, but are greener
(rather than with 4 blue hue), shotter and curve
downwards. But they are thin (less than 5 mm),
pointed, have a channel running along them,
and are rough to the touch. The flower/seed
head has a characteristic multi-spiked appear-
ance. The plant turns a brownish red as the
seeds ripen.

Sites

Terai - 2000m

A tough forest grass common throughout the
lower Middle Mountains and patts of the Churia
range, where it is much used for thatching, Tt 1s
often cultivated on marginal land by farmers.
It grows well on many hot, dry, south-facing
slopes. Although not really indigenous w the
very driesr sites, it grows well on many harsh,
dry sites.

Propagation

It can be propagated from slip cuttings. Tt also
grows very easily from seed. Seeds are collected
between Mangsie and Magh (December to
January). Thete are appr()x.imatciy 1,681,000
seeds per kilogramme.

Cultivation and maintenance

Depending on the site, khar may require the
following:

® weeding;

® protection from grazing,

It should normally be cut in Magh or Falgun.

Uses (other than bio-engineering)
Thatch, fodder (when shoots are young),



KHUS .
Vetiveria lawsoni
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Also called sinki. This is the north Indian form
of Vetiveria zizaniorides, but is more fertile (7.
produces more viable seeds) and has a different
rooting pattern,

Character
Medium-large clumping grass.

Role in bio-engineering
Used in all configurations of planted grass lines.

Description

A medium-stature grass with culms 0.5 to 1.5
metres long and forming dense clumps up to a
maximum of 0.5 metres in diameter. There arc
no rhizomes or stolons. Leaf blades are glossy
and a vibrant yellowish green and can easily be
split down one side to reveal a white pith; they
arc up to 750 mm long and 8 mm or less in
width; the edges feel rough if stroked down-
wards. A very thin, darker green line runs up the
centre of the leaf, and is a useful distinguishing
feature. The roots are many and spongy in mass,
with a dominant downward direction.

Sites

Terai - 1500m

Grows naturally along rivers throughout the
Nepal Terai and among other grasses in arcas
prone to seasonal warterlogging, It grows well in
dry sites on fill materials but does not grow so
well on hard cur slopes. Experience in the Nepal
road sector has demonstrated that this species is
notas tough and versatile as the widespread lit- Cultivation and maintenance

erature devoted to vetiver suggests. Depending on the site, khus may require the
following:
Propagation ® weeding;

It is easy to propagate by root splitting, It seeds, @ protection from grazing,

but not prolifically, and can also be grown from 1t should normally be cut in Magh or Falgun,
them. Seeds are collecred between Aswin and

Mangsir (September to November). There are  Uses (other than bio-engineering)
approximately 1,712,000 seeds per kilogramme.  Fodder, poor thatch.
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NARKAT
Arundo clonax

Character
[Large clumping and spreading grass.

Role in bic-engineering
Used in all configurations of planted grass
lines.

Description

A large-stature forest grass, The stem is hollow
and similar in appearance to bamboo but less
woody. The leaves are a pea green colour, thick,
pointed and about 153 mm wide. They grow
opposite each other in a regular and distinet par-
tern, with the ends bending downwards in a
scimicircular arc.

Sites

Terai - 1500m

It grows on hot, south and south-west facing
slopes. In the Terai, it grows in sal (Shorea
robustd) forest. It thrives most vigorously in wet
and waterlogeed sites.

Propagation

Lt ean be propagated easily from seed, slip and
stem cuttings. For stem cuttings, material more
than two years old with heavy branches should
be used, Seeds are collected berween Mangsir
and Magh (November to January).

Cuiltivation and maintenance

Depending on the site, narkat may require the
following:

® weeding;

® proteciion from grazing,

1t should normally be cut in Magh or Falgun.

Uses (other than blo-engineering)
Poor fodder.
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PADANG BANS )
Himalavacalamus hookerianus

Character
Large clumping grass. A small starure bamboo,

Role in bio-engineering
Used in all configurations of planted grass lines.

Description

A small starure hamboo with blue culms and dis-
unctive culm sheaths which narrow from the
base upwards. It tends to form clumps rather
than spreading like the other small bamboos.

Sites

1500 - 2500 m

Prefers cool, damp sites with some shade and
moisture. It is not as drought resistant as the
large bamboos.

Propagation
Ltis casily propagated by the traditional bamboo
planting method. Seeding is very rare.

Cultivation and maintenance

Depending on the site, padang bans may require
the following:

® weeding:

9 protection from grazing,

Bamboos should not be cut completely like
other grasses, but partial cutting can be done in
Magh or Falgun.

Uses (other than bio-engineering)
Weaving,

150
e

100 um

ROADSIDE BIO-ENGINEERING



PHURKE
Arunduella nepalensis

Character
Medium sized clumping grass.

Role in bio-engineering
Used in all configurations of planted grass lines.
Also used for direct seeding.

Description

Smaller in stature than many of the other for-
est grasses, this grows to a height of only about
1.5 m. The leaves are similar to dhonde but with
a rough edge; they are pointed and there is an
angle of about 35 degrees between the stem and
the leaves. The culm is hollow and only has
branches from the nodes on material of two or
muore years in age. Also, the seed head is finer
than that of sito or dhonde, and the seed husks
are rougher. Clumps do not exceed 0.5 metres
in diameter.

Sites

700 - 2000 m

Grows naturally on relatively damp south-west
to north facing slopes. It is tough and colonises
landslides, therefore growing in harsh, stony
sites. Lt probably does not dowell on hot sites in
the full sun.

Propagation

This is casily done either by splitting clumps
into slip cuttings, or by.seed. Seeds are collected
berween Mangsir and Magh (December to
January). There are approximately 1,809,000
seeds per kilogramme.

Cultivation and maintenance

Depending on the site, phurke may require the
following:

® weeding

® protection from grazing,

It should normally be cut in Magh or Falgun.

Uses (other than bio-engineeting)
Thatch, fodder.
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SIT0
Neyraudia arundinacea

Character
Large clumping grass.

Role in bio-engineering
Used in all configurations of planted grass lines.
Also used for direct seeding,

Description

A large-stature grass very similar in overall
appearance to dhonde but which occurs under
wetter climatic conditions, The stem is not hol-
low, but is thicker than dhonde (up to abour 20
mmy}, and the leaves are wider and longer. When
the stem nodes are more than two years old,
roots and branches can begin to emerge from
them. It reaches a height of about 2.5 metres;
clumps grow to be abour 0.75 metres in diame-
ter. Young shoots are poisonous to animals, but
are grazed when there is no other grass,

Sites

Terai - 1500m

Common i many forest types in the damper
parts of Nepal. Sito grows in harsh sites, includ-
ing south-facing slopes, but in areas of higher
rainfall. 1t grows in dry sites if planted, and is the
equivalent to dhonde in its range, occurring in
similar sites but in areas of higher rainfall,

Propagation
It propagates readily from slip cuttings, culm
curtings or seed. Seeds are collected berween
Mangsir and Magh (December to January).
There are approximartely 16,390,000 seeds per
kilogramme.

Cultivation and maintenance

Depending on the site, sito may require the fol-
lowing;

® weeding

® protection from grazing,

It should normally be cut in Magh or Falgun.

Uses (other than hio-engineering)
Poor thatch, poor fodder,
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ANNEX B

Drepanostachyum intermedium

Character
Large spreading grass, A small stature bamboo.

Role in bio-engineering
Used in all configurations of planted grass lines.

Description

A small stature bamboo. Leaf sheaths arc hairy
and culm sheaths narrow from about half way
up. A spreading, rather than clumping bamboo,

Sites

LOOO - 25300 m

Common throughout the middle mountains,
This is the most resilient small-stature hbamboo.
It is found on relatively hot, dry and exposed
banks, and in rocky sites in its range. Buritis not
as resistant to drought as the larger bamboos
and grows best in damp, shady sites.

Propagation
1t is easily propagated by the traditional hbamboo
planting method. Seeding is very rare.

Cultivation and maintenance

Depending on the site, tite nigalo bans may
require the following:

® weeding

® protection from grazing,

Bamboos should not be cut completely like
other grasses, but partial cutting can be done in
Magh or Falgun.

Uses (other than bio-engincering)
Weaving, fodder.
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SHRUBS AND SMALL TREES

ARERI
Acacia pennata

Character
Small thorny tree, up to 5 m.

Role in bio-engineering
Used for shrub and tree plandng or shrub and
tree direct sceding,

Description

A small tree or large shrub, with either a single
trunk or branches rising from ground level.
Rarely greater than 5 metres in stature, Tt is
extremely thorny and the branches snap very
easily.

Sites

500 - 1300 m

Occurs throughout Nepal on disturbed land in
the Churia and lower mountains. Lt colonises
landslides namirally, but tends to be found more
in damp sites or areas of higher rainfall. 11 is very
resilient and grows on harsh sites and in very
stony places, although it will not thrive on the
very driest sites where khaver (Acacra carechu)
will grow..

Propagation

It sceds abundantly and is casy to propagate by
this method. Dircet sowing on site is usually
successful. Seeds are collected berween Kartik
and Poush (November to December), There are
approximately 36,000 seeds per kilogmmrne;
they remain viable for about 12 months.

Cultivation and maintenance

Depending on the site, areri may require the

following:

® weeding;

® protection from grazing in the first vear;
after this it is not damaged by grazing,

Thinning should be carried out when the plan-

tation gets too dense. Areri can be lopped heav-

ily but full coppicing or pollarding tends to kill

it

Uses (other than bio-engineering)
Normally none, although it can be used for
hedging,

ROADSIDE BIO-ENGINEERING




ASSURO
Adhatoda vasica

Character
Shrub up to 3 m high.

Role in bio-engineering
Used for brush layering, palisades, live check
dams and fascines.

Description

A shrub which torms a dease bush up to 3 metres
high. The leaves are a brilliant green, showing up
distinetly during the late dry season. It has stems,
which are shiny, and green when young but change
to be white when they mature.

Sites

Terai - 1000m

[t occurs in the Bhabar sal forest and the
Churia, It appears to be an understorey plant
and is certainly tolerant of shade. But
although it grows best in damp, shady sites,
it will also survive in dry, stony areas,

Propagation

Hardwood stem cuttings can be taken and
have a high success rate, They can be planted
in a nursery or directly on site. Cuttings can be
planted at any angle, but upside down is not
recommended.

Cultivation and maintenance

Depending on the site, assuro may require the
following:

® weeding;

® protection from grazing,

Thinning should be cartied out when the
plantation gets too dense. Assuro can be
lopped heavily, and thinning can be achieved
by tull coppicing or pollarding,

Uses [other than bio-engineering)
Compost, medicines, hedging.
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BAINSH
Salix tetrasperma

Character
Tree up to 15 m high.

Role in bio-engineering
Used for brush layering, palisades, live check
dams and fascines,

Description

A fodder tree grown mostly at higher altitudes
Leaves are feathery , both in shape and the way
they hang and flutter in a breezes the undersides
ofleaves are white. They grow in a regular pat.
tern along the branches. Branches are long anc
thin, and hang down like hair,

Sites

Terai - 2700m

Bainsh grows naturally along stream channels
and it is in this situation where it can mostly be
found. It grows in drier locations when planted
but only thrives in damp and north-facing sites
It should not be used in dey sites below 2000
metres.

Propagation

Hardwood stem cuttings can be taken and have
a high success rate in damp sites, They can be
planted in a nursery or directly on site.

Cultivation and maintenance

Depending on the site, bainsh may require the
following:

® weeding;

® protection from grazing

Thinning should be carried out when rthe plan-
tation gets too dense. Bainsh can be lopped
heavily, and thinning can be achieved by full
coppicing or pollarding,

Uses (other than bio-engineering)
Weaving, fodder, small timber,

ROADSIDE BIO-ENGINEERING



BHUJETRO
Burea miner

Character
Shrub up to 4 m high.

Role in bio-engineering
Used only for shrub and tree direct seeding,

100,

Description

A stragply plant with furey, brown stems and
large, fleshy triple leaves at the end of each,
Flowers during the early monscon rains are a
brilliant red. Plants have between one and six
stems, but are never more than 4 metres high.
The roots mostly grow downwards, with a domi-
nant tap root, and they are exceptionally large
and strong for the size of the plant. The stem
dies back in the winter and the plant sends out
complete new shoots very carly in the mon-
soon,

Sites

500 - 1500 m

Occurs naturally in areas of higher rainfall in the
Churia range and lower mountains of eastern
Nepal. It grows well when planted in dry, south-
facing sites and in dry, stony ground. Tt also
grows well in rocky crevices in its climatic zone,
But it does not perform well in the very driest
places and hardest materials, It has been planted
up to 2000 metres in warm sites in the upper
Trisuli valley.

Propagation

It seeds in large numbers, with one large sced
in cach pot. Germination of six-month old seed
is nearly 100 per cent and, beeause of the large
tap roor, itis best not transplanted. Direct sow-
ing on site, with the seed still in its pod, gives
excellent resules. Seeds are collecred between
Kartil and Poush (November to January). There
are approximately 450 seeds per kilogramme;
they remain viable for abour 18 months,

Cultivation and maintenance

Once the seed has been sown, the only mainte-
nance required is protection from grazing while
the shoots are voung, The stem dies back in the
winter and the plant sends out complete new
shoots very carly in the monsoon, so thinning
is notrequired.

Uses (other than bio-engineering)
Animal bedding, umbrellas, meat packing.
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DHANYERO

Woodfordia fruticosa

Character
Shrub up to 3 m high.

Role in bio-engineering
Used only for shrub and tree planting.

Description

A rather untidy, straggling shrub which reaches
a maximum height of about 3 metres. Leaves are
smooth and pointed, and grow opposite each
other in a regular pattern. The flowers grow
from nodes on the stem and are a brilliant red.

Sites

Terai - 1500m

[t occurs mostly on the drier Churia slopes and
on dry sites in the lower middle mountain val-
leys, and is very common throughout Nepal. On
some south-facing slopes it forms almost pure

stands. Dhanyero grows in the very harshest of

hot, dry and very steep sites, including rocky
slopes.

Propagation

Seeds are very small but germinate easily in a
carefully prepared nursery seed bed. It cannot be
grown from hardwood cuttings. Seeds are col-
lected between Falgun and Baisakh (March to
April). There are approsimately 1,000,000 seeds
per kilogramme; they remain viahle for abour 12
months.

Cultivation and maintenance

Depending on the site, dhanyero may require
the following:

® weeding;

® protection from grazing,

Thinning should be carried out when the plan-
tation gets roo dense. Dhanyero can be lopped
heavily, and once the plant is established, thin-
ning can be achieved by full coppicing or pol-
larding,

Uses (other than bio-engineering)
Bedding, firewood, wine (from flowers).
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DHUSUN
Colebrookea oppositifolia

Character
Shrub up to 2 m high.

Role in bio-engineering
Used mainly for shrub and tree planting,

Description

A small shrub growing to a height of about
three metres. Ithas pointed leaves about 100 mm
long, with serrated edges and a spongy feel. The
flowers are white, and are also spongy.

Sites

Terai - 1000m

A constituent of the drier forest tvpes of the
Bhabar and Stwalik zones. Lt also grows on hot,
dry slopes where there is little else, and is prab-
ably a coloniser of such sites. Dhusun grows rea-
sonably well when planted in the hottest places
in the Churia range.

Propagation

"The seeds are very small but can be germinated
readily in a carefully prepared seed bed. Seeds
are collected between Falgun and Chaitra
(March). There are approximately 1,000,000
seeds per kilogramme; they remain viable for
about 12 months.

Cultivation and maintenance
Depending on the site, dhusun may require the
following:

® weeding;

@ protection from grazing.

Thinning should be carried out when the
plantation gets too dense.

Uses (other than bio-engineeting)
Medicine.



KANDA PHUL
Lantana camara
Also called sutkeri phul,

Character
Shrub up to 2 m high.

Role in bio-engineering
Used mainly for brush layering, palisades, live
check dams and fascines.

Description

A bushy shrub which forms dense thickets. Its
maximum height is about 2 metres. Leaves are
coarse and the stems thorny. Flowers vary, indi-
vidual plants having either vellow, white, pink
or mauve flowers,

Sites

Terai - 1750m

An invasive weed on many dry slopes through
our the lower mountains; common around
towns and in other areas disturbed by man; it
grows when planted on many dry, stony and
degraded sires.

Propagation

Although it seeds prolifically, the seeds are dif-
ficult to germinate under nursery conditions.
Stem currings, however, are usually successful.
They should ideally be between 100 and 30 mm
in diameter and at least 300 mm long, Curtings
buried in trenches (as fascines) are usually more
successful than normal curtings,

Cultivation and maintenance

Kanda phul is slow to establish, Weeding may
be required. The shrub is resistant to grazing and
if used properly can make a good but thick
hedge. It has no understorey and gullying can
start underneath even dense srands of bushes.
However, careful thinning and coppicing
reduces erosion to some extent.

Uses (other than bio-engineering)
Poor ornamental, hedging,

ROADSIDE BIO-ENGINEERING



ANMNEX B

KERAUKOSE

Indigofera atroturpurea

Character
Tree up to 8 m high.

Role in bio-engineering

Used for shrub and tree planting or shrub and
tree direct seeding,

Description

A small stature tree with irregular branching and
rising to a maximum height of about 8 metres.
The bole and branches are slender, Leaves are
smooth, spear-shaped (lanceolate) and about 60
mm long by 15 mm wide. The leaf tips are
sometimes round rather than pointed. Flowers
are generally white or purple and oceur around
and near the ends of the stems. The fruit hangs
in pods about 50 mm long, like dal, with 10 to
25 sceds per pod.

Sites

Terai - 2000m

It colonises landslides and other disturbed land
in the wetter areas of the Siwaliks and southern
Mahabharat. It seems to grow well in almost
every site in which it is planted, within its
aldtudinal range. It does well on very dry and
hot south-facing Churia slopes, and on dry,
stony fill maretial.

Propagation

The seeds can be germinated easily in the nur-
sery, or sown direct to site. Although early
growth can be slow in the nursery, it speeds up
once the seedling has reached a hugh‘r of about
400 mm. It cannot be propagated from hard-
wood cuttings. Seeds are collected between
Kartik and Poush (November to January). There
are approximately 94,000 seeds per kilogramme;
they remain viable for about 12 months.

Cultivation and maintenance

Depending on the site, keraukose may require

the following:

® weeding;

® protection from grazing in the first few
years: after this, keraukose is resistant to
grazing even though it is leguminous.

Thinning should be carried our when the plan-

tarion gets too dense. It can be lopped heavily

and pollarded (except on very dry sites, bue full

coppicing tends to kill it).

Uses (other than bio-engineering)
Firewood, shade tree (particularly in tea gardens
in the Terai of West Bengal).



Agave americana

Character
[arge cactus; sub-species with and without
thorns.

Role in bio-engineering
Used mainly for shrub and tree planting

Description

A cactus growing so that almost the entire visi-
ble plant comprises only leaves. A mass of
fibrous, succulent leaves grow upwards to a
maximum height of about 1.5 metres. They usu-
ally have a bluish colour. Leaves are up to 100
mm wide and 200 mm thick. In thorny varieties,
the leaf edges and tps are fringed with upwards-
pointing thorns.

Sites

Terai - 2000m

Kettuke grows on hot, dry, south-facing slopes.
It is not found in damp or shady sites, and
seems to require full sunlight to thrive.
Throughout its range, it grows in the driest sites
available.

Propagation

Seeds are rare. [t is grown by separating a section
of rootstock or a sucker (a small shoot coming
up from the roots of a bigger plant). There is no
need of growing these on in a nursery unless
large, strong plants are needed.

Cultivation and maintenance
Onece established, kertuke needs no mainte-
nance. [t is resistant to grazing,

Uses (other than bio-engineering)
Hedging.

ROADSIDE BIO-ENGINEERING



ANNEX B

NAMDI PHUL
Colquhounia coccinea

Character
Shrub up to 3 m high.

Role in bioc-engineering
Used for brush layering, palisades, live check dams
and fascines.

Description

A small shrub with medium-sized, pointed leaves
and striking red flowers in Mangsir and Poush,
The leaves are spongy and grey on the underside.

Sites

1000 - 2000 m

Namdi phul occurs in damper sites in its range.
It grows best on north-facing sites. [t tends to
grow extremely well on colluvium and debris
slopes.

Propagation
Tt can be propagated very easily from hardwood
stemm cuttings.

Cultivation and maintenance

Depending on the site, namdi phul may require
the following:

® weeding

® protection from grazing,

Thinning should be earried out when the
plantation gets too dense. Namdi phul can be
lopped heavily, and thinning can be achieved by
full coppicing or pollarding,

Uses (other than bio-engineering)
None known.
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ANNEX B

SARUWA/BIHAYA
Ipomoea fistulosa

Character
Recumbent shrub.

Role in bio-engineering
Used for brush layering, palisades, live check
dams and fascines.

Description

Alow-lying shrub with strageling stems up to
3 metres long, The stems have few branches and
clumps of leaves at the ends. Leaves are shaped
like a hearrwith an extended point. The flower is
from pale pink to purple in colour and shaped
like a trumpet. Mature clumps of this weed are
extremely dense and impenetrable to animals,

Sites

Terai - 1500m

An invasive weed growing abundantly in wet,
marshy depressions in the Terai and lower hill
valleys; frequently found in the old borrow pits
beside road embankments. Tt erows well when
planted on hot, dry sites, but only if the soil is
loose: therefore it can be highly successful on fill
material but may fail completely after a promis-
ing first season on cut slopes. It needs full sun-
light to grow and cannor tolerate shading,

Propagation

It takes very easily and rapidly from stem cut-
tings, Since there is such a ready supply of mate-
rial in the Terai, there is little point in collecting
seed.

Cultivation and maintenance

Depending on the site, saruwa needs little main-
tenance. It grows vigorously and so does not
require weeding, Protectuon from grazing may
be required when young; after the first growing
season it is resistant to grazing, Thinning should
be carried out when the plantation gets too
dense. Saruwa can be lopped heavily, and thin-
aing can be achieved by full coppicing, Lt will
die out complerely if it is shaded.

Uses (other than bio-cngineering)
Poor firewood when there are no alternatives.
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ANNEX B

SIMALI
Vitex negundo

Character
Small tree, up to 6 m high.

Road in bio-engineering
Used for brush layering, palisades. live check
dams and fascines.

Description

A small, vigorous tree growing to a maximum
heighr of ahout six metres. Branches tend 1o be
heavy, giving the plant an irregular form. Leaves
are smooth and pointed and, characreristically,
in groups of three or five. Flowers are white, later
becoming pink, growing upright at the ends of
the stems.

Sites

Terai- 1750m

A common small tree throughout the lower
mountains, It occurs naturally along rivers and in
gullies where it grows on very stony ground.
Despite this obvious preference for moist, shady
places, it grows when planted on dry, stony sites
and on hot, dry road cuts.

Propagation

Seeds are very small and difficult 1o germinate
under nursery conditions, Hardwood stem
cuttings give excellent results, however, Material
should ideally be berween 10 and 30 mm in
diameter, but cuttings up to 50 mm are also
successful, They should be atTeast 300 mm long,
although cuttings of up to 1.2 metres have been
successtul. They can be planted direct on site any
way up, but upside down is not recommended.

Cultivation and maintenance

Depending on the site, simali may require the
following:

® weeding:

® protection from grazing,

Thinning should be carried out when the
plantation gets too dense. Simali can be lopped
heavily, and thinning can be achieved by full
coppicing or pollarding,

Uses (other than bio-engineering)
Hedges, firewood.
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TILKA -
Wendlandia puberula

Character
Tree up to 10 m high.

Role in bio-engineering
Used for shrub and tree planting,

Description

A medium sized tree growing to about 10 metres
in height. Leaves are fairly large and fleshy. The
flower is whire.

Sites

Terai - 1500m

It occurs mostly on the drier Siwalik slopes and
on dry sites in the lower mountain valleys. On
some south-facing slopes it forms almost pure
stands. Tt will grow moderately well on the
harshest of hor and dry sites and on hard clay
soils.

Propagation

Seceds are small but germinate easily in a carefully
prepared nursery seedbed. Tilka cannot be raised
from hardwood cuttings. Seeds are collected
benween Magh and Chaitra (February to March).
There are approximately 1,000,000 seeds per
kilogramme; they remain viable for about 12
months.

Cultivation and maintenance

Depending on the site, tilka may require the
following:

@ \A"L‘.{‘.Lﬁﬂlg: i

® protection from grazing

Thinning should be carried out when the
plantation gets too dense. Tilka can be lopped
heavily, and once the plantis established, thinning
can be achieved by full coppicing or pollarding,

Uses (other than bio-engineering)
Firewood.

ROADSIDE BIC-ENGINEERING



ANMEX B

BAKAINO
Melia azedarach
Persian Tilac

Character
Medium to large deciduous tree.

Role in bio-engineering
Large tree planting, Can also be sown directly nn
site (direct seeding or broadcasting),

Description

The trunk and branches of this tree are very
smooth. They have a bluish hue when voung,
turning to brown as they matare. The tunk is
usually quite straight. Branches are relatively few
and are thin, straight and brittle, The leaves are
similat to neem (pointed with serrated edges) and
come in composite groups. The froit hangs in
clusters, with one seed per fruit.

Sites

Terw — 1800 m

A fast-growing tree which thrives in many warm
sites. Although a good soil is required for best
growth, it survives well on shallow, stony, inferrile
and very dry soils, It does much beter on fill
matetials rather than on cut slopes.

Propagation

Propagation is by polypot seedlings raised from
sced in a nursery, There are 1,200 sceds per kg,
collected between Mangsir and FPalgun
(Novemnber to March). They remain viable for
about 12 months,

GCultivation and maintenance

Depending on the site, bakaino may require the
following:

® woeding (in the first growing scason only);
® i steetion from grazing (until it gets out of

the reach of animals).

Thinning should be carried out when the
plantation gets too dense, Bak

ilin('.‘ can 1“_' ]ll}'lrﬂ_'fj
heavily, and once the tree is established, thimning
can be achieved by full coppicing or pollarding,

Uses (other than bio-enginecring)
Timber, firewood.



ANNEX B

CHILAUNE

Schima wallichii

Character
Large deciduous tree.

Role in bio-engineering
[arge tree planting,

Description

Leaves are relatively large, with a serrated edge
and shiny top. The bark is thick and covered in
hairs that are very irchy. The flower buds are
rounded and white, but open to reveal a bright
yellow centre. The fruit forms a hard spherical
coat and, when dried, opens into four equal
divisions. The seeds are white with thin platy
wings,

Sites

900 — 2000 m

Chilaune, with various specics of katus
(Castanopsisy, forms the dominant forest on
northern aspects in its altitude range. It grows
hest bn moist sites and is usually found on south-
facing slopes only in areas of high rainfall.
However, it can survive a cerfain amount of
droughr. It can toletate shade, and often starts to
appear in plantations of other species, particularly
of salla and utis, Chilaune can also regenerate
very well,

Propagation

Propagation is by polypot seedlings raised from
seed in a nursery. There are 160,000 sceds per kg,
collected between Magh and Chaitra (January to
April). They remain viable only for about 6
monrths.

Cultivation and maintenance

Depending on the site, chilaune may require the
following:

® weeding (in the first growing season only);
® protection from grazing (undl it gets out of

the reach of animals).

Thinning should be carried out when the
plantation gets too dense. Chilaune can be lopped
heavily, but should not be coppiced or pollarded.

Uses (other than bio-engineering)
Firewood, timber.
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DABDABE
Garuga pinnata

Character
Large deaduous trec.

Role in bio-engineering
Large hardwood cuttings (truncheon currings)
are used as patt of live check dams.

Description

A common fodder tree. The trunk is usually
straight, white and has relatively rough bark. The
leaves are regular and grow opposite cach other.
The leaves are large, long and pointed.

Sites

Terai — 1300 m

Dabdabe is associated with sal (Shorea) and banghi
(Anogeissus) forests, It does grow on stony and
fairly dry sites, but is much better in damp
situations and often occurs near streams.

Propagation

lor bio-enginecring purposes it is normally
propagated as a large hardwood cutting or
truncheon curting: these are typically 2 metres in
length. However, it can also be propagated from
seed and raised in polypots in the nursery. There
are 4,000 seeds per kg and they are collected
between Ashad and Bhadra (June to September).
They remain viable for about 12 months.

Cultivation and maintenance

Depending on the site, dabdabe may require the
following:

® weeding

® protection from prazing,

Thinning should be carried out when the
plantation gets too dense. Dabdabe can be lopped
heavily, and thinning can be achieved by full
coppicing or pollarding.

Uses (other than bio-engineering)
Timber, fodder.
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GOBRE SALLA B
Pinus wallichiana, Blue pine

Character
Large coniferous tree.

Role in bio-engineering
Large tree planting, Can also be sown directly on
site (direct seeding or broadeasting).

Description

The higher-altitude pine. Above abour 1900
metres, it is likely to be the only pine found. Lt
has long (about 200 mm) bluish needles, which
occur in clusters of bve. The bark 1s smooth
(chillo) and shiny.

Sites

1800 = 3000 m

Gobre salla has a natural tendency towards warm,
dry sites and within ics alitude range srows on
most of the driest sites. It oceurs at higher
altitudes in the drier inner valleys, 1t is also found
in north-facing gullies, burin general does poorly
in damp sites.

Propagation

Propagation is by polypot seedlings raised from
seed in a nursery. There are 22,500 sceds per kg,
collected berween Aswin and Mangsir (October
to November). They remain viable for about 12
months.

Cultivation and maintenance

Depending on the site, gobre salla may require:

® weeding (in the first rwo or three growing
seasons: dense grass around the frunk is
particularly harmful);

® profection from grazing (until it gers our of
the reach of animals).

Dense plantations should be thinned. Small

branches can be lopped, but pine trees should

not be coppiced or pollarded.

Since gobre salla is a pioncer species, it should

not be grown as the main species on a site for

maore than about five vears, Vegeradon enrichment

should be used to grow up other species between

the pine rrees, with the aim of removing all pines

by 10 years after the first planting

Uses [other than bio-ecngineering)
Timber, firewood.

ROADSIOE BIO-ENGINEERING



KALO SIRIS
Albizia lebbeck

Character
Medium-sized deciduous free.

Role in bio-engineering
Targe tree planting,

Description

A medium-sized tree commonly used for
firewood. The trunk is normally straight. Leaves
are oval with a slight point, and grow in even
numbers (Le. there are always 2, 4, 6 or 8). The
stems of young trees are brittle, and usually
covered in vellowish-brown spots,

Sites

Terai— 1200 m

Kalo siris grows naturally in harsh sites, sineeitis
a constituent of the sissoo-khayer riverine forest
and the sal-saaj forest in the Siwaliks, [tis tolerant
of droughts and grows on infertile soils, It has
been used extensively in Tndia for erosion control,
It does not withstand warerlogging, and so
should not be planted where drainage is a
problem.

Propagation

Propagation is by polypot seedlings raised from
seed in a nursery. There are 5,000 seeds per kg,
collected berween Mangsir and Magh (November
to |anuary). They remain viable for at leasr five
years.

Cultivation and maintenance

Depending on the site, kalo siris may require the

following:

® weeding (in the first growing season only);

® protecton from grazing (until it gets out of
the reach of animals).

Thinning should be carried out when the

plantation gets wo dense. Kalo siris ean be Inpped

heavily, and onee the tree is estublished, thinning

can be achieved by full coppicing or pollarding,

Uses (nther than bio-cngineering)
Timber, firewood, fodder.



ANNEX B

KHANYU (KHOSRO)
Ficus semicordata
Fig

Character
Small stature, heavy branching,

Role in bio-engineering
Large tree planting Can also be sown directly on
site (broadeasting only).

Description

A medium stature tree with distinctive
semicordate leaves. The fruits grow from the trunk
on aeral roots. It is distinguished from var.
monéana (rai khanyu) by its coarser leaves and whire
(rather than red) leaf veins.

Sites

Terai— 2000 m

A natural coloniser of hare and ofren very rocky
sites. Khanyu is often the first wee species to
appear on disturbed ground. Iv can withstand
considerable drought, but also grows well in
damp sites. Like most colonisers, full light is
required, and it cannot rolerate shade. Tt is one of
the most versatile trees for bio-engineering,

Propagation

Propagation 1s normally by polypot seedlings
raised from seed in a nursery. There are 1,500,000
seeds per kg, collected berween Shrawan and
Aswin (July to October), They remain viable for
only about 6 months.

Cultivation and maintenance

Depending on the site, khosro khanyu may

require the following:

® weeding (in the first growing season only);

® protection from grazing (until it gets out of
the reach of animals).

Thinning should be carried out when the

plantation gets too dense. Khosro khanyu can be

lopped heavily, and once the tree is established,

thinning can be achieved by full coppicing or

pollarding,

Uses {other than bio-engineering)
Fodder.
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KHAYER
Acacia catechu

Character
Large, thorny tree.

Role in bio-engineering
Large tree planting Can also be sown directly on
site (direct seeding or broadeasting).

Description

A full stature tree with thorny branches and small,
composite leaves. The trunk is never straight.
Leaves are small (< 10 mm), arranyged opposite
cach other. The thorns curve baclowards.

Sites

Terai— 1000 m

Of any comman tree found in Nepal, khayer is
the most tolerant of excessively hot, dry sites. 1t
needs full sunlight and does not grow in shady
locations. But it will grow inany stony or gravelly
soil, however dry, or in hard, clayey or calcareous
tesidual soils. [t withstands waterlogging and, as
a major constituent of riverine forests, it can
tolerate deep inundation. Away from the Terai
and Siwalik river fringes, khaver grows in almost
pure stands on dry, south-facing slopes in deep
river valleys and other rain shadow arcas: in all
sites where it grows naturally, it is an indicator of
low rainfall and hot summer temperatures.

Propagation

Propagation is by polypor scedlings raised from
seed in a nursery. There are 30,000 seeds per kg,
collected between Poush and Falgun (January to
February). They remain viable for about 2 vears.

Cultivation and maintenance

Depending on the site, khayer may require the

following:

® weeding (in the first growing season only);

® pratection from grazing (untl it gets out of
the reach of animals).

Thinning should be carried vut when the

plantation gets too dense. Khayer can be lopped,

and once the tree is established, thinning can be

achieved by coppicing; however, it will not re-

grow if the shoots are shaded by other plants.

Uses (other than bio-engineering)
Firewood, fodder, extracts.
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LANKURI
Fraxinus floribunda
Ash

Character
Large deciduous tree.

Role in bio-engineering
Large tree planting,

Description

A large tree with a straight, white trunk. The
flowers are white and the leat Form in groups of
three,

Sites

1200 = 2700 m

Lankuri grows on a wide range of sites and is one
of the best survivors on poor materials, It
tolerates limestone as well as acidic soils, Young
seedlings need full light, and will not grow in
shady locatons,

Propagation

Propagation is by polypot seedlings raised from
sced ina nursery. There are 60,000 seeds per kg,
collected berween Aswin and Poush (September
to January). Green sced should be kept moist
and sown immediately. If the seed is brown when
collected, or 1f green seed dries out, it will not
germinate until the spring after the next
monsoon, but remains viable for three years.

Cultivation and maintenance

Depending on the site, lankuri may require the

following:

® weeding (in the first growing season only);

® protection from grazing (until it gets out of
the reach of animals).

Thinning should be carried our when the

plantation gets oo dense. Lankur can be lopped,

and once the tree is established, thinning can be

achieved by coppicing or pollarding,

Uses (other than bio-cngincerng)
Timber, fodder.
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PAINYU

Prunus cerasoides
Ch erry

Character
Medium-sized flowering tree.

Role in bio-engineering
Large tree planting,

Description

A medium-sized fodder trec. The leaves are
pointed, have serrated edges and grow densely
on the stems. When yvoung, the stems have a
bluish colour, but beecome ﬁink with shiny bark
when older, with white spots left from the leaf
buds. The outer skin of the bark tends to peel
off naturally.

Sites

500 — 2400) m

Painyu is very tolerant of poor soil conditions; in
fact, it is the most rolerant broadleaf tree in the
middle hills, growing on stony and sandy matcrials
in sites drier than utis can tolerate, Young trees
will grow under moderate shade, and so it can be
grown under pioneer plantations of pines and
utis, eventually replacing them as the long-term
species,

Propagation

Propagation is by polypot scedlings raised from
seed ina nursery. There are 2,500 seeds per kg,
collected between Aswin and Mangsir (October
to November). They remain viable for about 9
months,

Cultivation and maintenance

Depending on the site, painyu may require the

following:

® weeding (in the first growing season only);

® protection from grazing (until it gets out of
the reach of animals),

Thinning should be carried out when the

plantation gets too dense. Painyu can be lopped,

and once the tree is established, thinning can be

achieved by coppicing or pollarding,

Uses (other than bio-engincering)
rewood, fodder, imber.
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PHALEDO
Ervihrina species

Character
Three large fodder species,

Role in bio-engineering
Large hardwood cuttings (truncheon cuttings) are
used as part of live check dams.

Description

A genus of large fodder trees. When young, there
are thick thorns on the branches, but these
disappear as the tree pets older. The Aowers are a
brilliant red. The leaves are broad, usually in a
group of three,

Sites

900 — 3000 m

Phaledo tolerates a wide range of sites, but should
not be planted in dry locations. Good growth
can only be expected in reasonably moist sites
with soil that is not too stony.

Propagation

For bio-engineering purposes it is normally
propagated as a large hardwood cutting or
truncheon cutting: these are typically 2 metres in
length. The tree can also be grown from small
cuttngs (ideally 150 mm long and as thick as a
pencil), but these would normally need to be
grown on in a nursery, Lt can also be propagated
from seed and raised in polypots in the nursery.
Thereare 2,000 seeds per ke and they are collected
between Mangsir and Falgun (November to
March). They remain viable forabout 5 vears.

Cultivation an maintenance

Depending on the site, phaledo may require the
f{:”n\.\'ing:

® weeding;

® protection from grazing,

Thinning should be carried out when the
plantation gets too dense. Phaledo can be lopped
heavily, and thinning can be achieved by full
coppicing or pollarding,

Uses (other than bio-engineering)
Fodder.
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Pinus roxburghii
Chir pine

Character
Large coniferous tree,

Role in bio-engineering
Large tree planting Can also be sown directly on
site (direct seeding or broadcasting),

Description

A large-stature tree, usually with a very straight
trunk. Needles are long (about 300 mm) and
characreristieally occur in clusters of three, Below
about 1800 metres, it is the only pine excepr in
areas of old soil-conservation planting (where
introduced pines are sometimes found).

Sites

500 —-1950 m

The indigenous low-altitude pine. Rani salla
grows naturally on sites that are ecologically or
climatically dry, and therefore is an indicator of
rain shadow arcas and other dry locations. Like
most pines, it is a pioneer species and needs full
lighr to grow, It is tolerant of cxpust:d south-
facing slopes, hot, dry sires and poor, stony soils,
However, it does not grow down to the Terai
and unlike khaver it performs badly on poorly
drained materials,

Propagation

Propagation is by polypot seedlings raised from
seed ina nursery. There are 8,000 seeds per kg,
collected between Magh and Falgun (January 1o
March). They remain viable for about 12 months.

Cultivation and maintenance

Depending on the site, rani salla iy require the

following:

® weeding (in the first two or three growing
seasons; dense grass around the trunk is
particularly harmful);

® prorection from grazing (untl itgers our of
the reach of animals).

Thinning should be carried out when the

plantarion gets too dense. Small branches can be

lopped, but pine trees should not be coppiced or

pollarded.

Since rani salla is a pioneer species, it should not

be grown as the main species on a site for more

than about five years. Vegetation enrichment

should be used to grow up other species berween

the pine trees, with the aim of changing the

mixture and removing all pines by 10 vears after

the first planting,

Uses (other than bio-engineering)
Timber, firewood,
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RATO SIRIS
Albizia julibrissin

Character
Medium-sized deciduous tree.

Role in bio-engineering
Large rree planting,

Description

A large tree, usually with a straight stem. The
leaves are feathery in appearance;, they take a
herringbone form, being small and thin, and
growing opposite ecach other along the branches.
The yvoung leaves are red and, at this stage, are
poisonous,

Sites

500 — 2500 m

Rato siris is the best of the siris trees on poor
sites, and sometimes colonises landslides
naturally, Like most trees, it prefers a fertile, loamy
soil; but it can grow relatively quickly on poor,
stony sites. It seems to have a low drought
tolerance and naturally it oceurs mainly in moist
locations, such as near streams. Like uds, rato
siris should, therefore, be planted in wetter sites.

Propagation

Propagation is by polypot seedlings raised from
seed in a nursery, There are 24,000 seeds per kg,
collected between Aswin and Magh (September
to bebruary). They remain viable for about 5 years.

Cuitivation and maintenance

Depending on the site, rato siris may require the

following:

® weeding (in the first growing season only);

® protection from grazing (until it gets out of
the reach of animals).

Thinning should be carried out when the

plantation gets too dense. Rato siris can be lopped,

and once the tree is established, thinning can be

achieved by coppicing or pollarding,

Uses (other than bio-engineering)
Timber, fodder.
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SETO SIRIS
Albizia procera

Character
Medium-sized deciduous tree.

Role in bio-engineering
Large tree planting,

Description

This tree has branches that are brittle and give off
a strong smell when broken. Leaves are of a
medium size and grow opposite each other in
pairs. The stems are covered in brown spots. The
seeds hang down in distinctive pods, 100 to 150
mm long,

Sites

Terai— 1350 m

A tree that grows best in damp and even
waterlogged conditions, such as poorly drained
clays. It grows poorly in dry sites. It prefers full
light, but scedlings can tolerate some shade,

Propagation

Propagation is by polypot seedlings raised from
seed in a nursery. There are 18,000 seeds per kg,
collected between Poush and Jestha (December
to June). They remain viable for about 5 years.

Cultivation and maintenance

Depending on the site, seto siris may require the

following:

® weeding (in the first two Erowing seasons,
as grass competition is bad for seedlings);

® protection from grazing (undl it grows out
of the reach of animals).

Thinning should be carried out when the

plantation gets too dense. Seto siris can be lopped,

and once the tree is established, thinning can be

achieved by coppicing or pollarding,

Uses (uther than bio-engineering)
Firewood, nmber, fodder.
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SISAU
Dalbergia sissoo
Sissoo (a type of rosewood)
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Character
[arge broad-leaved tree.

Role in bio-engineering
Large tree planting, Can also be sown directly on
site (direct seeding or broadcasting).

Description

The common low-altitude plantation tree. [tisa
full-stature tree with a slender, rarely straight stem,
Leaves are round, but with a slight point, and
generally less than 50 mm long,

Sites
Terai — 1400 m
One of the most versatile low-altitude trees. It
occurs naturally in riverine sites, and so is tol-
_erant both of long droughts on stony and grav-
elly materials, and of waterlogging and flooding,
It grows slowly on very dry sites, but rarely dies
completely. In fact, its rapld growth depends
entirely on it being planted on a well drained,
fertile sail with access to a reliable water table.
But sisau is so robust that it will grow almost
anywhere in its altitudinal range, even if very
slowly. For bio-engineering purposes, it should
not be planted on very hot, dry sites, where
khayer performs better,

Propagation

Propagation is by polypot seedlings raised from
seed in a nursery. There are 33,000 seeds per kg,
collected between Falgun and Baisakh (February
to May). They remain viable for about 12 months.

Cultivation and maintenance

Depending on the site, sisau may require the

following:

® weeding (in the first growing seasons only);

© prorection from grazing (until it grows out
of the reach of animals).

Thinning should be carried out when the

plantation gets too dense. Sisau can be lopped,

and once the tree is established, thinning can be

achieved by coppicing or pollarding,

Uses (other than bio-engineering)
Timber, firewood, fodder.
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uTIS

Alnus nepalensis
Nepalese alder

Character
Large broad-leaved tree.

Role in bio-engineering
Large tree planting. Can also be sown directly on
site (broadeasting only).

Description

A large-stature tree with a straight stem. Leaves
are usually dark green in colour, rounded at the
sides bur with a point. They are abour 50 mm
wide and 80 mm long, Groups of utis trees usually
have noisy insect colonies and the leaves are often
full of holes from insect attacks.

Sites

900 — 2700 m

Uts is a well known natural coloniser of landslicles
and gullies in the middle hills. It needs damp or
shady conditions, but then will tolerate the poorest
and stoniest of materials. Soils should be
permeable rather than hard or massive. Although
it grows best in damp locations, it avoids
waterlogeed arcas.

Propagation

Propagation is by polypot seedlings raised from
seed in a nursery. There are 500,000 seeds per kg,
eollected between Mangsir and Falgun
(November to March). They remain viable for
about 18 months.

Cultivation and maintenance

Depending on the site, utis may require the

following:

® weeding (in the first two or three growing
seasons: dense grass around the trunk
impedes growth significantly);

® protection from grazing (untl it gets out of
the reach of animals).

Thinning should be carried out when the

plantation gets too dense. Branches can be lopped,

bururis trees should not be coppiced or pollarded

except in very good growing sites,

Since utis is a pioneer species, it should not be

grown as the main species on a site for more than

about five years. Vegetation enrichment should

be used to grow up other species between the

utis trees, with the aim of changing the mixture

and removing all utis by 10 years after the first

planting,

Uses (other than bio-engincering)
Firewood, timber, fodder.
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LARGE CLUMPING BAMBOOS

CHOYA/TAMA BANS
Dendrocalamus hamiltonii

Character
Large clumping bamboo.

Role in bio-engineering
Large bamboo planting,

Description

A large-stature bamboo with larger leaves than
most other species. It has thin culms and heavy
branching, The culm splits easily between the
nodes, to give soft, flexible sections.

Sites

300 — 2000 m

This is the most widely cultivated of all the
bamboos. As with all large bamboos, it grows
best in moist, shady sites. It should not be planted
on south-facing slopes below 1200 metres.
Survival is much better on permeable materials
and in debris and fill sites than on cut slopes and
hard original ground.

Propagation

Choya bans is the easiest of the large bamboos
to propagate. It has heavy branching from the
nodes, and so can be propagated from single node
culm cuttings raised in a nursery. It can also be
planted directly on site using the traditional
method of a large section of rhizome and culm
abour 2 metres long. It flowers relatively often
for a bamboo, and so seeds can be obrained quite
often. They arc viable for at least one year,

Cultivation and maintenance

Depending on the site, choya bans may require

the following:

® watering (in the first season only, before the
monsoon rains start);

® mulching and weeding (in the first two or
three growing seasons);

® protecton from grazing (until large shoots
have grown out of the reach of animals).

Uses (other than bio-engincering)

Weaving, fodder, edible shoots.




DHANU BANS
Bambusa balcooa

Character
Large clumping bamboo with a thin culm and
heavy branching,

Role in bio-engineering
Large bamboo planting.

Description

A very large-stature bamboo with characteristically
bowed culms, Branching is heavy and, lower
down, faitly thorny. The culms are often topless,
since they are very brittle when young and can be
broken by the weight of a bird.

Sites

Terai— 1600 m

Grows on south-facing sites between 1400 and
1800 metres. Dhanu bans tolerates dry conditions
better than any of the other large bamboos, but
it still grows much better in shady gullies than on
dry slopes. Sutvival is much better on permeable
materials and in debris and fill sites than on cuat
slopes and hard original ground.

Propagation

Dhanu bans is one of the ecasier of the large
bamboos to propagate. It has heavy branching
from the nodes, and so can be propagated from
single-node culm cuttings raised in a nursery. It
can also be planted directly on site using the
traditional method of a large section of rhizome
and culm about 2 metres long.

Cultivation and maintenance

Depending on the site, dhanu bans may require

the following:

® watering (in the first scason only, before the
mMonsoon rains start);

® mulching and weeding (in the first two or
three growing seasons);

® protection from grazing (until large shoots
have grown out of the reach of animals).

Uses (other than bio-engineering)
House construction {poles, erc) and scaffolding,
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Dendrocalamus hookeri

Character
Large clumping bamboo with heavy branching,
brown hairs.

Role in bio-engineering
Large bamboo planting,

Description

Very similar in appearance to dhanu bans, but
with thinner culm walls and no low branching,
Culms and culm sheaths are often covered in
brown hairs, and are dark green to black in colour.
This species tends to flower more quickly than
other species of bamboo, although this is still
ql_].l te rare.

Sites

1200 — 2500 m

A bamboo commonly cultivated in eastern Nepal.
It is the most frost resistant of the large bamboos,
and so can be used to the highest extent of the
main road network. [t grows best in cool, shady
gullies and on north-facing slopes. Survival is
much better on permeable materials and in debris
and fill sites than on cut slopes and hard original
ground.

Propagation

Kalo bans is one of the easier of the large
bamboos to propagate. It has heavy branching
from the nodes, and so can be propagated from
single node culm cuttings raised in a nursery. It
can also be planted directly on site using the
traditional method of a large section of rhizome
and culm about 2 metres long. Seeds are available
in most years and so plants can be raised as polypot
seedlings in a nursery as well,

Cultivation and maintenance

Depending on the site, kalo bans may require the

following:

® watering (in the first season only, before the
Mmonsoon rains start);

® mulching and weeding (in the first two or
three growing seasons);

® protection from grazing (until large shoots
have grown out of the reach of animals).

Uses (other than bio-engineering)
Construction, fodder.
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MAL BANS
Bambusa nutans subspecies cupulata

Character
Large clumping bamboo with strong, straight
culms,

Role in bio-engineering
Large bamboo planting,

Description

A large-stature bamboo with round, straight
culms. The distance between the nodes is
greater than for almost all other bamboos. The
culms have many small branches from almost
every node. The culms are used very widely
for construction.

Sites

Terai— 1500 m

Mal bans is relatively tolerant of dry conditions
for a bamboo, but as with all the large bamboos,
grows best in damper sites and gullies. Survival
is much better on permeable materials and in
debris and fill sites than on cut slopes and hard
original pround.

Propagation

Mal bans should be planted directly on site using
the traditional method of a large section of
rhizome and culm about 2 metres long,

Cultivation and maintenance

Depending on the site, mal bans may require the

following:

® watering (in the first season only, before the
MonAsoon raings start);

® mulching and weeding (in the first two or
three growing seasons);

® protection from grazing (until large shoots
have grown out of the reach of animals).

Uses (other than bio-engineering)
Construction, fodder.
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NIBHA/GHOPI/LYAS BANS
Ampelocalamus patellaris

Character
Large clumping bamboo with smaller, bluish
culms.

Role in bio-engineering
Large bamboo planting.

Description

A small stature bamboo with culms that are nearly
blue. The culms are usually less than 20 mm in
diameter. Nodes have a woody ring immediately
below them. If the culm is more than 2 years old,
roots and heavy branches emerge from the nodes.
In the wettest sites, clumps grow to a diameter
of 2.5 metres.

Sites

1200 = 2000 m

This species tends to grow only in very wet sites.
It is most common in the higher rainfall areas
(such as llam and Taplejung, and Kaski and
Palpa). Survival is much better on permeable
materials and in debris and fill sites than on cut
slopes and hard original ground.

Propagation

Nibha bans should be planted directly on site
using the traditional method of a large section
of rhizome and culm about 2 metres long, If
aerial roots have formed from a node, it should
be possible to propagate it from single-node culm
cuttings raised in a nursery,

Cuiltivation and maintenance

Depending on the site, nibha bans may require

the following:

® watering (in the first season only, before the
MONSOON Talfs Start);

® mulching and weeding (in the first rwo or
three growing seasons);

® protection from grazing (undl large shoots
have grown out of the reach of animals).

Uses (other than bio-engineering)
Weaving, fodder.




THARU BANS
Bambusa nutans subspecies nutans

Character
Large clumping bamboo with strong, straight

CLI]II’IS.

Role in bio-engineering
Large bamboo planting.

Description

The central Nepal equivalent to mal bans and very
similar in appearance, having round, straight
culms and many branches from the nodes.
Branching is stronger than mal bans; the clumps
are denser and the culms have minor differences.

Sites

Terai — 1500 m

Tharu bans is relatively tolerant of dry conditions
for a bamboo, but as with all the latge bamboos,
grows best in damper sites and gullies. Survival
is much better on permeable materials and in
debris and fill sites than on cut slopes and hard
original ground.

Propagation

Tharu bans should be planted directly on site
using the traditional method of a large section
of rhizome and culm abour 2 metres long,

Cultivation and maintenance

Depending on the site, tharu bans may require

the following;

® watcring (in the first season only, before the
maonsoon rains start);

® mulching and weeding (in the first two or
three growing seasons);

® protection from grazing (until large shoots
have grown out of the reach of animals).

Tharu bans can lose most of its leaves in the

spring drought, without any harm.

Uses (other than bio-engineering)
Construction, lych poles, rough weaving,



PRODUCTION OF JUTE
NETTING

This annex describes the procedure for the pur-
chase of raw jute, its spinning into yarn and
weaving into the two types of netting used in
roadside bio-engineering.

Jute supply

Raw jute should be purchased from merchants
in the eastern Teral as soon as the harvest is
under way and the price has dropped to its mar-
ket low for the year. The harvest takes place in
August and September, but eardly products are
not usually high quality. Purchasing should be
done in September as, by October, the price
begins to rise.

Jute is produced regionally in the eastern
Nepal and Indian Terat, and in Bangladesh.
Since the late 1980s, there has been an increas-
ing shortfall in supply. This appears to be due to
increasing pressute for rice cultivation, and the
rise in the number of sugar mills and cigarette
factories offering better value for cash crops.
Most of the jute produced in Nepal is exported.
Although the market value of raw jute in vil-
lages in the Nepal Teral is often fairly low, the
value in India may be twice this or more.
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Spinning raw
jute into yarn
for the
production of
jute netting

Therefore the dealers use this to force up the
price in sales of large quantities. There is not
usually any discount for bulk purchases.

The material 15 available in 2 number of
grades: middle grades are acceprable for weav-
ing into netting, though it 1s preferred to buy
tosa, 2 more expensive higher grade.

Jute purchased in September may not be fully
dry, so it should be stored in an airy place and
turned every few weeks untl it is safely dry. It
is extremely inflammable, and smoking must be
banned from the area around its storage, as for
fuel store.

Raw jute more than 12 months old should
never be used to make netting. Old netting
stocks unused through the monsoon after man-
ufacture should be tested carefully to ensure that
the strength is adequate. The general rule 1s that
it should not be possible to break a single strand
of standard yarn when pulled between the
hands as hard as possible (a breaking strain of
approximately 100 kg); if it can be broken, the
netting should be composted or used as mulch.

In parts of Nepal far from sources of jute, it
may be more cost effective to use other materi-
als. One in the hills, which shows potential, is

ROADSIDE BIO-ENGINEERING



A length of
completed jute
netting is
removed from
the loom

ANMNEX C

allo or sisnu ( Girardinia palmata). There are oth-
ers, but few have the fine, high-quality fibres
that make jute such a good geotextile.

The manufacturing process

The process involves spinning raw jute into
yarn and weaving the yarn into lengths of net-
ting, which are similar to a simple, loose-weave
cloth.

The equipment required is a rain/sun shelter,
a loom, weaving frame and shuttles. Some
smaller tools, such as khukuris or chulesis, and
sticks, are also required.

Raw jute fibres are teased out and then spun
into yarn. Spinning is a simple hand process,
twisting the fibres together into an even yamn,

which is then wound on to sticks to form rolls.
For standard netting, the yarn should be spun
so that it is no less than 5 mm and no more
than 8 mm in diameter when tightly wound.
Loose yarn would be larger but it must be tight
enough to have maximum strength. For wide
mesh netting, the yarn should be between 3 and
5 mm in diameter.

The weaving loom consists of two parallel
horizontal beams about 1.5 metres long and
placed 12 metres apart. When the yarn has been
prepared, it is placed on the loom to form the
warp (the length-ways threads). For standard
netting there should be 32 strands of warp,
wound from end to end of the loom and pass-
ing through the weaving frame. For wide mesh
netting there are 10 strands of warp.

The weaving frame is a rectangular wooden
trame 1250 mm long by 500 mm wide. Across
it are placed 16 wires at regular intervals, each
wire with a loop in the middle. Alternate strands
of warp pass either through a loop or between
two wires.

Once the warp is on the loom, it is tightened
s0 thar each strand is an equal distance (30 to
40 mm for standard and 150 mm for wide mesh
netting) apart. Then the weaving of the weft
{cross threads) can begin. Yarn wound on to a
shurtle (a simple H-shaped board) is passed
repeatedly backwards and forwards through the
warp. With each pass, the frame is alternately
raised and lowered so that the weft crosses the
warp on alternate sides. Behind the shuttle, the
weft threads are pushed up the warp by hand
until they are evenly spaced 30 to 40) mm apart
(300 mm apart for wide mesh netting, There
should be 20 to 24 strands of weft per metre for
standard netting, and 2 strands for wide mesh
netting,

Once the end of the waip is reached, the net
is complete. It is cut off the loom and the cut
ends tied to prevent fraying, Each piece of
woven netting should be not less than 1.10
metres and not more than 1.20 metres in width.
It should be at least 10 metres in length but no
more than 11.50 metres.

Experience has shown that a profit-shared
contract emploving five women weavers can be
expected to produce 2 lengths of standard
mesh jute netting per day, or between 24 and 28
lengths per fortnight. Experiments with other
arcangements of weavers have not been so pro-
ductive.
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Detailed specifications

The detailed specifications for standard jute
netting are as follows. Standard jute netting is
used for placing on bare slopes and is normally
planted with grasses. [Note: warp ends are the
length-ways threads and weft strands are the
cross-ways threads|
()  Material High quality, 100 per-
cent natural jute tibre
from the latest harvest,
propezly treated and
dried.

(i) Yarn: Handspun 5 to 8 mm.

(i)  Strip size: minimum 1.0 x 10.0
metres;
maximum 1.5 X 11.5
metres.

(iv)  Warp ends: 27 ends per 1000 mm.

(v) Weftstrands: 20 to 24 strands per
1000 mm.

(vi)  Mesh size: 40 mm squarc mesh
holes.

(vil)  Weight: 0.8 to 1.2 kg per square
metre,

The detailed specifications for wide mesh jute
netting are as follows. Wide mesh jute netting is
used for holding mmeleh-on 1o slopes that have,
been sown with grass seed.

(i Materiak High quality, 100 per-
cent natural jute fibre
from the latest harvest,
properly treated and
dried.

(ii) Yarn: Handspun 3 to 5 mm.

(i) Strip size: minimum 1.0 X 10.0
metres;
maximum 1.5 X 11.5
metres.

(iv)  Warp ends: 7 ends per 1000 mm,

(v) Wett strands: 2 strands per 1000 mm,

(vi)  Mesh size: 150 % 500 mm
rectangular mesh.

(vii)  Weight: 0.2 kg per square metre.

Bitumenised jute netting

IFjute netting is required to retain its strength
for more than one year, it should be preserved
by soaking in a solution of bitumen diluted with
kerosene: this will preserve it sufficiently to
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retain its strength for about 3 years, or perhaps
longer on hot, dry sites,

A large vat is filled with a mixture of 60:40
bitumen:kerosene. Rolls of new jute net ate low-
ered into it from a bamboo tripod to soak for
30 minutes, then raised and allowed to drain.
Once most of the surplus has run off, the net-
ting is rolled in sand to reduce its stickiness. It
can then be used in the normal way.

A bitumen:kerosene mixture gives better
preservation than bitumen emulsion.

Other sources of jute netting

A number of slopes have been stabilised using
products imported from jute mills in West
Bengal. None of these have met the specifica-
tions described above, and therefore have not
conformed to the standards of the Department
of Roads. There appeats to be no reason why any
source cannot be used to provide jute netting,
however, as long as quality control is strict.

The specifications given here, which are
those adopted by the Department of Roads, are
necessary to serve the functions required of jute
netting. In the case of standard netting, the
thickness and loose weave of yarn is essential to
provide adequate surface armouring at the
micro scale. Finer, more tightly spunryarns do
not serve the function of the netting specified
here.

ROADSIDE BIO-ENGINEERING



Inert wattle
fences are
often foo weak
to support the
weight of wet
soil; erosion
can just take
place
underneath

ANNEX D

LOW-COST TECHNIQUES THAT

DO NOT WORK

In the process of the experimentation that led
to the production of this manual, a number of

low-cost techniques were tried in the search for
better solutions to the problems of slope insta-
bility and erosion that were encountered. Some
of these were found not to work, or to work only
in very limited situations. They have not been
included in the Site Handbook for this reason.
They are described here to provide a record, and
to warn others against wasting resources using
these methods.

Covering slopes with fine-mesh wire
netting

Experiments with fine, small-mesh wire netting
(as a possible alternative to jute netting) proved
ineffective. It is virtually impossible to make it
hug the surface as jute net or other, more flexi-
ble, geotextiles will. Even if it is touching the
surface, it does not affect the rate of erosion and
the slope will degrade just as fast. It adds noth-

ing to the slope and therefore is not worth the
EX})EHSC.

Waterproof slope covers

This technique was mostly used on the brow of
a slope to reduce continued failure. The slope
is covered in a waterproof material (such as
polythene or tar felf) to stop water infiltration
and erosion. Although some materials will last
for five years or more on some sites, this is only
a temporary measure because the covering pre-
vents the development of a long-term vegeta-
ton cover of the slope.

It is, however, very useful in emergencies for
failures immediately below the toad, where the
road itself is in danger of collapse; and in certain
situations on busy roads where failures on the
slopes above threaten to block the carriageway.
In these situations, waterproof coverings can he
applied quickly during the monsoon. They must
be removed soon after the rains stop and a per-
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manent solution installed.

Other materials were also tried for slope
covers, including bitumenised hessian and
steel sheets. These tended to be subject to fires
and theft respecrively.

A further problem is thatall waterproof slope
covers tend to concentrate runoff into the slope
section immediately below them, so that under-
scour takes place,

Hessian and jute bolsters
Bolsters, which are tubes of hessian or jute net-

ting filled with stone, were placed along the
contour. They were intended to act as scour

checks and to reduce the surface movement of

debris while a vegetation cover is established.

They are similar to gabion bolster cylinders
but not nearly as strong. Although they were
used on a number of sites, bolsters made u'aing
a skin of cither hessian sheeting or }utc netting
either failed or at the very least simply disap-
peared when the skin material rotted away. They
may have some application as a temporary mea-
sure and if made carefully might be expected to
last for up to 18 months on gentle sites.
Whichever skin material is used, it should first
be strengthened by dipping it in bitumen emu-
Ision, The construction technique was the same
as for contour gabion bolster cylinders.

Dead wattle fences

Low fences are built along the contour to trap
debris moving down the slope and to armour
against surface scour. They can be made using
wire or bamboo (ot other plant material), but
only those using steel have been found to be
etfective on most sites. Those using plant mate-
rials, which are the most common type of wat-
tle fences, are usually only temporary measures.
If they are to be used atall, wattle fences should
be used only on slopes less than 35 with a
restricted debris supply and composed of coarse,
well-drained material. Fences made from bamboo
or other plant materials should be restricted
to very small and gentle sites, or where only a
temp(_lmr}-' measure iS l'CquI‘Gd.

The main problems with wattle fences are
that they accumulate debtis behind them over
a period of one or two monsoons, during which
time the structure decomposes; eventually the
weight of debris is too much for the fence and it
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collapses. In fine-textured materials, the fences
can give rise to an accumulation of weak,
unconsolidared debris and an increase in the
rate of infiltration. Under heavy rain this can
lead to liquefied flow, which either pushes the
fence over or simply flows underneath it. In
weak sandy soils, gullies continue to develop
underneath wattle fences because they do not
interrupt the surface properly (unlike gabion
bolster eyvlinders).

This technique has rarely been successful
under Nepalese conditions. It is no match in
terms of strength for many of the techniques
described in the Site Handbook Wattle fences do
not have the flexibility of planted grass lines or
the strength of gabion bolster cylinders. They
should not be used except as a temporary mea-
sure in emergencies,

Sprayed bitumen

Bitumen was sprayed on to the slope surface to
waterproofitand protect it from scour. The use
of this technique assumed that there is no veg-
ctation cover and that the surface being sprayed
was clean and firm, and that it was best to
remain in the same state. [t was thought to hold
potential on steep (> 50%) cut slopes less than 8
metres in height, particularly where climatic
and rooting conditions were extremely poor for
grass establishment,

This technique was not found successful and
cannot be recommended. Trials showed that
although it works well over very limited areas,
itis not good except on perfectly homogeneous
materials already resistant to weathering. Only
a slight flaw is necessary to allow water to pen-
etrate the bitumen skin and soften the material
below. Even without this, weakening of the
material seems to continue behind the bitumen,
causing it to flake off with the material it is stuck
to. Water can seep in from higher up the slope
and then be trapped behind the surface, even
when drainage measures are taken to reducc the
effect of this. Hence it seems to be a temporary
measure with limited applications. It may be
useful ro help stick seeds to the surface of frac-
tured rocky materials,

Algal surface protection

A protective skin made up of algae and associ-
ated plants covers the surface of the soil or rock

ROADSIDE BIO-ENGINEERING



ANNEX D

and acts in the same way as spraved bitumen.
Scour by runoff on the surface is prevented. This
may hold potential on steep (= 50 cut slopes
less than about 5 metres in height.

This has not actually been applied as a sta-
bilisation technique in practice. It is mentioned
here because of the prevalence of algal growths
over many road cut-slope surfaces. These nccur
in many parts of Nepal, from the Terai to at least
2,500 metres alrdrude. They seem to occur most
widely on highly micaceous rocks, but there is
not necessarily a link. In many cases the disad-
vantages are the same as for sprayed bitumen,
and weakening still continues under the algal
crust.

Mycologists have variously identified the
organisms present in samples but they seem to
be green algae, or members of the phylum
Chlorophyta. The matter has not been pursued
on account of the technical difficulties of culti-
vating pure cultures of algae (which are consid-
erable ona large scale).
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ANNEXE: RATE ANALYSIS NORMS
FOR BIO-ENGINEERING
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In January 1996, the Geo-Environmental Unit of Before using these norms, the reader should
the Department of Roads first published the rate  check for updates. These will normally be
analysis norms, which are reprinted here (with available either as part of the complete norms of
minor cotrections). These norms were approved the Ministry of Worlks and Transport, oras part
by His Majesty’s Government, Ministryof Works  of a revision published by the Department of
and Transport (at Minister level) on 25 Roads or the Geo-Environmental Unit.
December 1995, At the time of the publication A Nepali version of these norms has been
of this manual, they were the most up to date published by the Geo-Environmental Unit and
norms on bio-engineering, is available from the Department of Roads on
request.
RATE ANALYSIS NORMS
LABOUR
IS No WORK DESCRIPTION UNIT LEVEL UNIT QUANTITY
27 (1) Collection and preparation of seeds kg Unskilled nos 1.50
[a] Collection of grass seeds from sources within 1 km of
the road, including separating and preparing seed for
storage, and drying seed in the sun.
[b] Collection of large shrub seeds (e.g. bhujetro) from kg Unskilled nos 0.45
sources within 1 km of the road including seed
preparation for storage after drying.
[e] Collection of medium-sized shrub seeds (e.g. keraukose) kg Unskilled nos 0.75
from sources within 1 km of the road, including seed
preparation for storage after drying.
[d] Collection of medium-sized shrub and tree seeds (e.g. kg Unskilled nos 0.85
areri, khayer, ghobre and rani salla, sisau) from sources
within 1 km of the road, including seed preparation for
storage after drying.
[e] Collection of small shrub and tree seeds (e.g. dhanyero, kg Unskilled nos 2.50
dhusun, tilka, utis) from sources within 1 km of the road,
including seed preparation for storage after drying.
(2) Collection of grass and hardwood cuttings for
vegetative propagation
[a] Collection of grass clumps (e.g. amliso, kans, khar) from 1000 slips Unskilled nos 1.50
sources within 1 km of the road, to make slips for
multiplication in the nursery.
[b] Collection of cuttings of small bamboos (e.g. padang 1000 nos Unskilled nos 3.00
bans, tite nigalo bans), suitable for traditional planting,
from sources within 1 km of the road. Material minimum
10 em of rooted rhizome and 90 cm of culm
[c] Collection of hardwood cuttings ( e.g. assuro, bains, 1000 nos Unskilled nos 0.85
kanda phul, namdi phul, saruwa, simali) from sources
within 1 km of the road, Material minimum 30 cm in
length and 2 em in diameter,

194 ROADSIDE BIO-ENGINEERING
e



RESOURCES

CONSTRUCTION MATERIALS EQUIPMENT
TYPE UNIT QUANTITY TYPE UNIT QUANTITY
Sealed bag nos 1.00 Khukuri - 3% of labour cost
- - - Khukuri - 3% of labour cost
Sealed bag nos 1.00 Nanglo - 3% of labour cost
Sealed bag nos 1.00 Manglo - 3% of labour cost
Sealed bag nos 1.00 MNanglo - 3% of labour cost
Adequate supply Kodalo - 3% of labour cost
of appropriate
clumps - i
Hessian jute m# 5.00
Adequate supply Kodalo - 3% of labour cost
of appropriate Khukuri -
bamboos = 7
Hessian jute m? 10.00
Adeguate supply Khukuri - 3% of labour cost
of appropriate
bushes = .
Hessian jute m? 5.00
ANNEX E



RATE ANALYSIS NORMS (
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27- (3) Nursery operation and management
(bed preparation)

[a] Construction of seed beds for tree seedlings, including Fm? Skilled nos 1.50
materials for beds and shades. Bed is 1 m wide * 17 cm Unskilled nos 2.00
high and made up of: 5 cm of washed gravel, 5 cm of
unsieved forest soil, 5 cm of 1:3 mix of sieved forest soil
and washed sand, 2 cm of washed, sieved and sterilised
sand. [Add 5 % to the number of bricks to allow for
normal wastage.]

b

ot

Construction of stand out beds for tree seedlings in Sm? Unskilled nos 6.00
polypols, including materials for beds and shades. Bed is

100 cm wide * 15 cm high, with a § cm layer of gravel

placed above the compacted ground. [Add 5 % to the

number of bricks to allow for norrmal wastage.]

[c] Construction of beds for grass seeds, grass slips (i.e. Sm? Skilled nos 1.00
vegelative propagation) and tree stool cuttings, including Unskilled nos 1.50
materials and hessian cover. Bed is 100 cm wide = 25 cm
high and made up of. 5 cm of washed gravel placed
above the ground, 5 em of 1:1 mix of sieved soil and
compost, and topped with 15 cm of 3:1 mix of sieved
forest topsoil and washed sand

[d] Construction of beds for propagation of bamboo culm 5m? Unskilled nos 2.00
cultings, including materials and hessian cover. Bed is 100
cm wide x 30 cm high. The ground below the bed Is dug to
a depth of 30 cm. Bed is made with 10 cm unsieved soil
and 20 cm sieved soil. A bund 10 cm high is formed
around the edge

27- (4) Nursery operation and management (seed sowing
and transplanting; planting hardwood cuttings)
[a] Tree seed sowing @ 10 grammes per m* (medium-sized S5m* Unskilled nos 0.04
seeds) or 2 grammes per m? (very fine seeds) into seed
beds including pre-sowing seed treatment.

[b] Preparing potting mix and filling polypots, including all 1M Onos Unskilled nos 10.00
materials for container seedlings. [Note. 1 kg of 200
gauge polypots (4' » 7' laid flat) = 464 bags; 200 gauge
black polythene is preferred.]

[¢c] Direct sowing of free seeds into polypots including seed 1000 nos Unskilled nos .62
treatment, by sowing one seed in half the pots and two
seeds in the other half,

[d] Pricking out young seedlings and transplanting into 100 nos Unskilled nos (18
polypots,

[e] Pricking out tree seedlings and transplanting into beds. 1000 nos Unskilled nos 0.12

[f] Transplanting grass slips into beds, from clumps. Slips m Unskilled nos 0.12
are planted at 10 cm centres in rows 25 cm apart.

[g] Planting of hardwood cuttings of minimum 30 cm length to 1000 nos Unskilled nos 0.60
20 cm depth inle prepared beds, Cullings spaced al § cm
centres within rows, with 20 em between rows.
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RESOURCES
CONSTRUCTION MATERIALS EQUIPMENT
JYPE , uUNIT  QUANTTY TYPE  UNIT = QUANTITY
Bamboo poles nos 9.00 Khanti . 3% of labour cost
Polythene sheet m* 9.00 Shovel -
Bricks nos 96.00 Pick axe -
Gravel m? 0.25 Screen mesh -
Unsieved soil m* 0.10
Line string m 13.00
Binding wire kg 3.00
Bamboo nos 15.00 Khanti - 3% of labour cost
Bricks nes 96.00 Shovel -
Line string m 13.00 Pick axe -
Binding wire kg 3.00
Gravel m* 0.25
Gravel m? 0.38 Shovel - 3% of labour cost
Forest soil m?* 1.46 Pick axe -
Compost m* 0.38
Washed sand m? 0.46
Hessian cover m* 10.00
Gravel m? 0.38 Shovel - 3% of labour cost
Forest soil m* 1.46 Pick axe -
Compost m? 0.38 Khukuri -
Bamboo poles nos 6.00 Log saw -
Hessian jute m* 25.00
Seed g 50.00 Bowl " 3% of labour cost
Trowel -
Polypot nos 1050.00 Sieve - 3% of labour cost
Sand m* 0.46 Shovel -
Saoil m? 0.70
Compost m? 0.23
Seed nos 1500.00 Wooden peg nos 1.00
- . Wooden peg nos 1.00
Tray - 3% of labour cost
- - Wooden peg nos 1.00
Hessian jute m* 0.30 Khukuri - 3% of labour cost
Shovel -
Hardwood cuttings nos 1000.00 Khanti - 3% of labour cost
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ANNEX E

RATE ANALYSIS NORMS (continued)

SNq

27-

27-

27-

WORK DESCRIPTION

(5) Preparation of raised materials for extraction from
the nursery

[a] Grass culm cutting production from nursery stock; single
or double node (e.g. napier).

[b] Uprooting and preparing grass slips ready for site planting
from nursery seedlings.

[e] Uprooting and preparing grass slips ready for site planting
from nursery grass clumps raised from slips by
vegetative propagation.

(6) Compost and mulch production

[a]

0]

(7)
[a]

[b]

[e]

[d]

(8)
[a]

[d]

Mulch production by collection and cutting of weeds and
other vegetation such as tite pati, banmara ete, within 1
km of the road, and stacking along roadside.

Compost production by collection and cutting of weeds
and other vegetation such as tite pati, banmara efe, within
1 km of the road, including fine cutting and filling
compost pit.

Turning compost once per month.

Direct seeding on site
Broadeasting grass seeds on slopes <40°, seeding rate 25
g per m=.

Broadcasting grass seeds on slopes <40° including cover
with long mulch, seeding rate 25 g per m?.

Broadcasting grass seeds on slopes < 40-45°, including
cover with long mulch and jute netting of mesh size
300 mm x 500 mm. Seeding @ 25 g per m?

Operation includes pegging with suitable live pegs or
hardwood cuttings (e.g. simali) @ 1 m spacing, jute nat
of 6.70m = 1m size.

Sowing shrub or tree seeds on all slopes, at 25 ¢m
intervals, including digging planting holes to 5 cm depth
and covering with soil. Two seeds per planting hole.

Planting grass cuttings on site

Planting single node culm cuttings of grass (e.g. napier)
on fill slopes < 45° and embankment slopes in plain areas.
Approx length 15-20 cm, including digging planting hole
10-20 em depth using a metal rod or hardwood peg,

Planting single node culm cuttings of grass (e.g. napier)
on hard cut slopes < 45° Approx length 15-20 cm,
including digging planting hole 10-20 cm depth using a
metal rod or hardwood peg,

Planting single node culm cuttings of grass (e.g. napier)
on hard cul slopes > 45° Approx length 15-20 em,
including digging planting hole 10-20 cm depth using a
metal rod or hardwood peg,

Planting rooted grass slips on embankment slopes in plain
areas, at 10 cm spacings within the row. The first row is
0.75 m from the edge of the pavement and subsequent rows
are spaced at 1 m intervals down the embankment.

UNIT

1000 nos

1000 nos

1000 nos

m?

100 m*

100 m?

100 m*

100 m?

100 nos

100 nos

100 nos

LEVEL

Unskilled

Unskilled

Unskilled

Unskilled

Unskilled

Unskilled

Unskilled

Unskilled

Unskilled

Unskilled

Unskilled

Unskilled

Unskilled

Unskilled

LABOUR
UNIT

nos

nos

nos

nos

nos

nos

nos

nos

nos

nos

nos

nos

nos

nos

QuANTITY

0.70

0.63

1.20

0.10

0.17

5.00

6.25

1.00

0.20
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RESOURCES
CONSTRUCTION MATERIALS EQUIPMENT
TYPE UNIT QUANTITY TYPE UNIT QUANTITY
Hessian jute m* 2.70 Khukuri 3% of labour cost
Hessian jute m? 1.35 Fork 3% of labour cost
Pick axe
Khukuri
Hessian jute m? 4.20 Shovel # 3% of labour cost
Khanti
- Hasiya e 3% of labour cost
Doke g
= Doko = 3% of labour cost
= Shovel = 3% of labour cost
Seed kg 2.50 - = -
Seead kg 2.50 - - -
Mulch m? 5.00
Seed kg 2.50 Khukuri - 3% of labour cost
Mulch m?3 5.00 Mallet (wooden =
Jute net m# 105.00 hammer)
Live pegs nos 128.00
Seeds nos 3200.00 MS rod of 3% of labour cost
50 cm length
Grass cuttings nos 100.00 MS rod or hardwood * 3% of labour cost
Hessian jute m? 0.27 peg of 50 cm length
Grass cuttings nos 100.00 MS rod or hardwood 3% of labour cosl
Hessian jute m? 0.27 peg of 50 cm length
Grass cuttings nos 100.00 MS rod or hardwood - 3% of labour cost
Hessian jute m? 0.27 peg of 50 cm length
Grass slips nos of drills 11.00 MS rod or hardwood * 3% of labour cost
Hessian jute m? 0.14 peg of 50 cm length
Line string m 1.00
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ANNEX E

RATE ANALYSIS NORMS (continued)

S No

27-

27-

WORK DESCRIPTION

[e

[g]

(9)
[a]

[b]

lc]

el

Planting rooted grass slips on slapes <45° including
preparation of slips on site. Operation includes digging
planting hole to a max of 5 em depth with metal rod or
hardwood peg, depending on nature of sail. The planting
drills should be spaced 10 cm apart.

Planting rooted grass slips on slopes 45-80° including
preparation of slips on site. Operation includes digging
planting hole to a max of 5 cm depth with metal rod or
hardwood peg, depending on nature of soil. The planting
drills should be spaced 10 cm apart.

Planting rooted grass slips on slopes =60° including
preparation of slips on site. Operation includes digging
planting hole to a max of 5 cm depth with metal rod or
hardwood peg. depending on nature of soil. The planting
drills should be spaced 10 cm apart.

Planting shrub and tree seedlings and cuttings on site
Planting containerised tree and shrub seedlings, including
pitting, transplanting, composting and placing tree guards,
on toe of embankment slopes in plain areas, not less than
8 m from the road centre line. Pit size 30 cm diameter =
30 cm depth. Compost volume % of the volume of the
pit, mixed with original soil.

Planting containerised tree and shrub seedlings, including
pitting, transplanting, composting and mulching, on slopes
< 30°. Pit size 30 cm diameter x 30 cm depth. Mix

compost with scil and backfill into pit, to ¥ of pit volume.

Planting containerised tree and shrub seedlings, including
pitting, transplanting, composting and mulching, on slopes
30-45° Pit size 30 cm diameter x 30 cm depth. Mix

compost with soil and backfill into pit, to % of pit volume.

Planting rooted tree stump cuttings and bare root
seedlings, including pitting, transplanting, compesting and
mulching on slopes <30° Pit size 10 cm diameter x 20 em
depth. Compost volume Y of volume of the pit mixed
with ariginal soil.

Planting rooted tree stump cuttings and bare root
seedlings, including pitting, transplanting, composting and
mulching on slopes 30-45°. Pit size 10 cm diameter = 20
cm depth. Compost volume % of volume of the pit mixed
with ariginal soil,

Planting tree stump and bare root seedlings, including
pitting, transplanting, composting and mulching on slopes
=45° Pit size 10 cm diameter = 20 om depth. Compost
volume % of volume of the pit mixed with original soil.

(10) Vegetative palisade construction, brush layering

(a]

and fascines

Collection of hardwood cuttings for planting material

(e.g. assuro, namdi phul, simali) from sources within 1 km
of road. Material to be approx 1 m in length and minimum
5 cm in diameter.

UNIT

m2

m2

m2

10 nos

10 nos

10 nos

10 nos

10 nos

10 nos

1000 nos

LEVEL

Unskilled

Unskilled

Unskilled

Unskilled

Unskilled

Unskilled

Unskilled

Unskilled

Unskilled

Unskilled

LABOUR
UNIT

nos

nos

nos

nos

nos

nos

nos

nos

nos

nos

QUANTITY

0.20

0.30

0.40

0.25

0.33

0.40
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RESOURCES
CONSTRUCTION MATERIALS EQUIPMENT
TYPE UNIT QUANTITY TYPE UNIT QUANTITY
Grass slips nos of drills 100.00 MS rad or hardwood - 3% of labour cost
Hessian jute m* 0.27 peg of 50 cm length
Khukuri -
Grass slips nos of drills 100.00 MS rod or hardwood - 3% of labour cost
Hessian jute m* 0.27 peg of 50 cm length
Khukuri =
Grass slips nos of drills 100.00 MS rod or hardwood peg - 3% of labour cost
Hessian jute m? 0.27 of 50 cm length
Khukuri
Container seedling nos 10.00 Khanti - 3% of labour cost
Compost m?* 0.05 Mallet (wooden hammer)
Tree guard nos 10.00 Daoko
Green mulch m?* 0.04
Seedlings nos 10.00 Khanti - 3% of labour cost
Compost m? 0.08 Doko -
Green mulch m? 0.04
Seedling nos 10.00 Khanti - 3% of labour cost
Compost m? 0.05 Doko -
Green mulch m? 0.04
Seedling nos 10.00 Khanti - 3% of labour cost
Compost m? 0.03
Green mulch m? 0.04
Seedling nos 10.00 Khanti - 3% of labour cost
Compost m? 0.03
Green mulch m? 0.04
Seedling nos 10.00 Khanti - 3% of labour cost
Compost m* 0.03
Green mulch m? 0.04
Adequate supply - - Khukuri - 3% of labour cost
of bushes
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ANNEX E

RATE ANALYSIS NORMS (continued)

LABOUR
SNo WORKDESCRIPTION UNIT LEVEL UNIT QUANTITY

[b] Preparation and planting of live pegs of selected species m Unskilled nos 0.17
(e.g. assuro, namdi phul, simali) of minimum 1 m length
to 0.5 m depth into hard ground. Pegs spaced at 5 cm
centres within rows, with 5 - 20 cm between rows, and
interwoven with vegetation.

[c] Preparation and planting of live cuttings of selected m Unskilled nos 0.12
species (e.g. assuro, namdi phul, simali) of minimum 1 m
length to 0.5 m into soft debris. Pegs spaced at 5 cm
centres within rows, with 5 - 20 cm between rows, and
interwoven with vegetation.

[d] Site preparation for fascine laying: earth works in m Unskilled nos 0.08
excavation of trench to 20 cm depth.

[e] Laying of live fascines, using live hardwood cuttings of m Unskilled nos 017
selected species (e.g. assuro, namdi phul, simali) of
minimum 1 m length, placed in bundles to give 4 running
metres of cuttings per metre of fascine, including
backfilling of trench and careful compaction.

27- (11) Jute netting works
[a] Standard jute netting for bare slopes and under planting m? skilled nos 0.36
with slips. Spinning raw jute from 100% jute fibre into
yarn and weaving the yarn into netting. Hand spun yarn
510 8 mm in diameter, width of net 1.20 metres, warp
strands 27 nos per 100 cm, weft strands 20-24 nos per
100 cm, mesh size 30-40 mm square and 1.25 kg/m
weight at 1.20 m widths, [Note. A tosro is the weaving
shuttle, normally made from a split large bamboo culm.]

b] Wide mesh jute netting for holding mulch on slopes. m? skilled nos 0.15
Spinning raw jute from 100% jute fibre into yarn and
weaving the yarn into nefting. Hand spun yarn 3 to 5 mm
diameter 1.20 metre side and 11.2 m long. Mesh size 150
mm * 500 mm rectangular mesh and 0.25 kg/m at 1.20 m
width. [Note. A tosro is the weaving shuttle, normally
made from a split large bamboo culm.]

[e] Placing 30-40 mm square mesh jute netting on bare m? Unskilled nos 0.15
slopes (for later underplanting with grass slips), including
pegging with live hardwood cuttings or split bamboo pegs
and loosening tension so that the net hugs the slope
throughout.

[d] Placing 150 = 500 mm mesh jute netting to hold mulch on m? Unskilled nos 0.10
slopes, including application of mulch and pegging wih live
hardwood cuttings or split bamboo pegs and loosening
tension so that the net hugs the slope throughout,

27- (12) Fabrication of gabion bolster cylinders
[a] Site preparation for 30 cm diameter bolster; earth works in m Unskilled nos 0.085
excavation of trench.

[b] Site preparation for G0 cm diameter bolster: earth works in m Unskilled nos 0.36
excavation of trench.

[c] Manufacture of bolster panels: 70 x 100 mm hexagonal m? skilled nos 0.10
mesh wire construction (10 swg frame and 12 swg mesh).

[d]l Construction of 30 cm bolster cylinder: placing, stretching m Unskilled nos 0.375
wire mesh, filling with boulders, closing and backfilling.
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RESOURCES
CONSTRUCTION MATERIALS EQUIPMENT
TYPE UNIT QUANTITY TYPE UNIT QUANTITY
Live pegs nos 20.00 Crow bar - 3% of labour cost
Live pegs nos 20.00 Crow bar - 3% of labour cost
Pick axe - 3% of labour cost
Shovel
Hardwood cutting of m 8.00 Khukuri - 3% of labour cost
at least 1 metre in Shovel -
lenght
Raw jute kg 1.25 Khukuri - 3% of labour cost
Bamboo sticks (10 nos) -
Weaving frame -
Tosro -
Raw jute kg 0.26 Khukuri - 3% of labour cost
Bamboo sticks (10 nos)
Weaving frame
Tosro -
Woven jute net m? 1.00 MS rod of 50 cm length - 3% of labour cost
Hardwood cutting or nos 5.00 Mallet (wooden hammer) -
split bamboo pegs
Cut mulch m? 0.05 MS rod of 50 cm length - 3% of labour cost
Woven jute net m? 1.00 Mallet (wooden hammer)
Hardwood cutting or nos 5.00
split bamboo pegs
= - - Pick axe - 3% of labour cost
Showvel =
- - - Pick axe - 3% of labour cost
Shavel
Gl wire kg 2.00 Gabion frame - 3% of labour cost
and tools -
Boulders m? 0.09 Gabion tools - 3% of labour cost
Daoko
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ANNEX E

RATE ANALYSIS NORMS (continued)

LABOUR
SNo WORKDESCRIPTION UNIT LEVEL UNIT QUANTITY
[e] Construction of 60 cm bolster cylinder: placing, stretching m Unskilled nos 0.75
wire mesh, filling with boulders, closing and backfilling.
[f] Construction of 30 cm bolster cylinder: placing, stretching m Unskilled nos 0.375
wire mesh over 20 gauge black polythene sheeting, filling
with boulders, clesing and backfilling.
[g] Construction of 60 cm bolster cylinder: placing, stretching m Unskilled nos 0.75
wire mesh over 20 gauge black polythene sheeting, filling
with boulders, closing and backfilling.
[h] Anchoring bolster: 12 mm diameter MS re-bar cut into 2 m nos Unskilled nos 0.05
lengths for anchorage and placed at 1 m intervals.
[i] Laying of terram paper (geotextile). m? Unskilled nos 0.05
27- (13) BEamboo tree guards
[a] Weaving bamboo tree guards using bamboo poles as nos Unskilled nos 0.25
uprights: 1.60 m in height; and weaving split bamboo with the
outer wall intact around the posts. Dimensions of the guard
are 0.60 m diameter = 1.30 m high.
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RESOURCES
CONSTRUCTION MATERIALS EQUIPMENT
TYPE UNIT QUANTITY TYPE UNIT QUANTITY
Boulders m* 0.36 Gabion tools - 3% of labour cost
Doko -
Black polythene m? 0.40 Gabion tools - 3% of labour cost
Boulders m* 0.09 Doko -
Black polythene m? 0.80 Gabion tools - 3% of labour cost
Boulders m? 0.36 Doko =
MS rod m 2.00 Sledge hammer - 3% of labour cost
Terram paper m? 1415 Khukuri - 3% of labour cost
Bamboo nos 2.20 Khukuri - 3% of labour cost
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Alluvium  Material, usually fine sand or silt
with larger, rounded particles up to boulder
size, deposited by a river, having been
transported from elsewhere in suspension.
Annual Of plants that complete their life cycle
from seed to reproduction, to death in one
year.

Anticline The arch or crest of a fold in rock
strata.

Bamboo A perennial grass with woody culms
from rthizomes. The term is used loosely to cover
a number of genera other than just Bambusa.
Basement rocks Older rocks underlying a
specified stratum,

Bedding The layers of sedimentary rocks, as
they were laid down. The layers are separated by
‘bedding planes’.

Bio-engineering The use of living plants for
engineering purposes.

Bolster A tube, usually of small-mesh gabion
wite, containing stones. They are installed as
scour checks or french drains, or both.
Botanical name The international system for
the scientific naming of plants. These always
consist of two words: first the genus name and
then the species name. For example, utis is the
species #epalensis of the Aluws genwns (which
contains all alders): hence Abus nepatensis.
Breast wall A wall provided to protect a soil
slope without considering retaining properties.
Broadcasting  Where seed is thrown over
the surface in as even a way as possible, but
forming a rotally random, loose cover.

Brush layering Live cuttings of plants laid
into shallow trenches with the tops protruding,
They are usually made to form a thick hedge
and erosion barrier across the slope, This is
different from a layering (sce below).

Canopy The top layer of a forest, consisting
of the crowns of trees,

Cataclasis A geological term to describe a
process of dislocation-metamorphism where
bands are formed through the distortion of
mingrals within the rock,

Check dam A physical obstruction provided
in water courses to control gully crosion,
Chevron A pattern like the stripes of an army
sergeant: <<<<< Grasses are sometimes planted
in this pattern to lead water into rills of drains,
Itis a form of localised diagonal grass planting,
Clay Mineral material < 2 mm. Also applied to

GLOSSARY

a class of soil texture, and used to describe the
silicate clay minerals.

Climax community A plant community
that has reached stability under the prevailing
climate.

Cloche A temporary tunnel of clear polythene
sheeting used in nurseries and horticulture
farms during the winter. The tunnel produces a
warm, sheltered micro-climare over

young plants.

Colluvial slopes Slopes whose materials
comprise mainly colluvium (see below).
Colluvium  Angular debris, usually loose and
unconsolidated, found on slopes below rock
outcrops, Other names are scree and talus,
although these are normally of pure fragmented
rock while colluvium can also contain fine
material.

Colonise  The establishment of the first
plants on bare ground

Community development The
involvement of people in development
activities at the local level. Often this takes the
form of awareness-raising and the formation
of user groups to manage common resources.
Conglomerates A sedimentary rock com-
posed of rounded stones cemented together
in a matrix of finer material,

Climax community An established group
of plants living mote-or-less in balance with
cach other and their environment; the group
can be either natural or managed. There will be
no appreciable change in the mixture of species,
although the individual plants will grow, dic
and be replaced.

Compost  Decomposed plant matter used as
an organic fertiliser.

Continental drift The very slow, long term
horizontal movement of sections ‘plates’ of
the Earth’s crust relative ro each other and their
position in relation to the poles.

Coppice A treatment in which the trunk of a
tree is cut off about 30 cm above the ground to
allow new shoots to come from the stump.
Cotyledon Part of the embryo of a seed plant.,
The cotyledon often becomes the first
photosynthetic (green, light -gathering) organ of
the young seedling,

Crust  The thin upper layer of the Earth,
consisting of solid silicate rocks. The
continental sections are between 20 and 40 km
thick. Crust rocks have alower density (about
2.8 or 2.9) than the molten mantle rocks below.
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Culm  The stem of a grass.

Cutting  Any part of a plant (stem, thizome
or root) thatis used for vegetative propagation.
See also Grass slip and Slip cutting.

Cyclonic rain  Rain caused by a warm, moist
Alr mass moving upwards over heavier, colder
air.

Debtis creep Gradual downward movement
observed in unconsolidated debris masses on
slopes (such as colluvium). It may range from a
few millimetres to a few metres per year,
Deciduous  Of plants which shed ther
leaves at least once a year and remain leafless for
weeks or months.

Dendritic A pattern like the branches and
stem of 2 tree. 1t 1s often used to describe a
drainage system where branch drains feed into a
main drain,

Dentition The filling of cavities, usually on
steep cut slopes.

Dip  The line of maximum slope lying in a
rock plane. The angle of dip 1s measured with a
clinometer and the bearing of dip is measured
with a compass. The bearing can be any figure
from 000 to 360°, always expressed with three
digits, &8 048, to distingush 1t from the
mchnation, which cannot exceed 90°, Conven-
tionally the bearing of dip is writtren first,
followed by the angle of dip, e.g. 115/35.
Dircctseeding  Where seeds are sown
carefully by hand into specific locations in a
slope, such as in gaps between fragmented rock.
Drill  When grasses are propagated using
vegetative parts, the planting drill consists of
one or more grass slips or cuttings. Sce also
Planting drill.

Ecology The study of orginisms in relation
to their environment.

Erosion The gradual wearing away of soil (or
other marerial) and its loss, particle by particle.
Evaporation The loss of water from the soil
or another surface mto the air i the form of
water vapour.

Evapotranspiration The foral loss of water
from the soil in the form of water vapour,
either by direct evaporation ot from plants by
transpiration.

Exotic  Of a plant that has been introduced
from another area.

ra
e

Fallow Where land is cultivated but left
unplanted to restore its fertility.

Fascine DBundles of branches laid along
shallow trenches and buried completely. They
send up shoots and can be used ro form a thick
hedge and erosion barrier across the slope, ora
living subsoil drain.

Fault A fracture in the Larth’s crust along
which movement has taken place, and where the
rock strata on the two sides therefore do not
match. The movement can be in any direction,
but in the Himalaya the main faults are all thrust
faults: this 1s where two rock masses have been
pushed together and one has tdden over the
other. In places this occurs when the rocks
fracture as aresult of extreme folding

Field capacity ~ The toral amount of water
remaining in a [reely draining soil after the
excess has flowed into the underlying unsatu-
rated soil.

Fold A bend in rock strata caused by
movements in the Earth’s crust. The steata are
bent mto a series of arches (andclines) and
troughs (synclines).

Frankia Actinomycetes {micro-organisms) that
form a symbiotic relationship with the roots of
certain species, and which fix nitrogen.

Friable A term applied to soils that when
eitherwet or dry crumble easily between the
fingers.

Geomorphology The study of the physical
features of the earth and of the relatonship
between them and the peological structures that
give rise to them.
Gondwanaland  The southerly of the two
ancient continents which once comprised the
Earth’s two big land masses (the other was
Laurasia). The continents broke apart and,
through the proeess of continental drift, have
re-formed into the land masses seen roday. The
Indian Shield continental plate was once part of
Gondwanaland.

Grass A plant of the family Gramineae,
charactensed by long, thin leaves and muliiple
tubular stems. Tt 1s a very large family and
contains all the cultvated cereals (rice, wheat,
t.'!'r.'.}.

Grass slip  This term is used looscly to
describe any parts of grasses used for vegetative
propagation, including fibrous roots, rthizomes,
and stem or stolon cuttings. Sce also Slip
cutting.
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Hardwood cutting A woody stem from
a shrub or tree, inserted in the ground for
vegerative propagation.

Herb A small plant without wood in the
SIEMS OF rOats.
Herringbone A pattern like the bones of a

fish, with a spinc and ribs:=>>>>> [t is often
used in slope drainage, where there is a main
drain running straight down the slope, with
feeder arms coming in at 45°.

Humus The stable fraction of soil organic
matter remaining afrer the major portion of
added plant and animal residues have
decomposed.

Igneous rocks Rocks that have solidified
trom molten or partly malten material
originating from magma.

Isostasy The state of equilibrium that is
thought to exist in the Earth’s crust, where
equal masses of matter underlie equal areas,
whether of continenral or oceanic crust rocks, to
alevel of hydrostatic compensation, An
analogy is in wooden blocks floaring in water:
the bigger the block, the higher it rises above
the surface and the deeper it goes below the
surface: the thicker continental plates rise higher
than the thinner oceanic plates,

Joints Cracks in rock masses, formed alonga
plane of weakness (the joint plane) and where
there has been littde or no movement, unlike 4
fault.

Klippen A series of nappes; a term derived
from Alpine geology,

Lapse tate  ‘The cooling of air with altitude.
The topogtraphic environmental lapse rate is the
reduction of the temperature of static air with
heighe. Ttis generally considered to be 6.5°C per
1000 metres of altitude. However, the exact rate
is determined partly by armospheric moisture,
as well as by the movement of air. Tt also varies
seasonally.

Laterite A reddish rock material produced by
long term, intensive weathering, usually in
humid tropical conditions. It contains the
hydrared oxides of iron and aluminium and
sometmes has enough iron to be used as a
source of that metal. It hardens on exposure to
the atmosphere sufficiently to be used as a
building material. The rato mato of Nepal are

not fully developed laterites. True laterites are
found, however, in some older landform areas
of Karnataka and Andhra Pradesh.

Layering A plant that forms from the stem,
stolon or rhizome of another plant, This can
be used as a means of propagation. This is
different from brush layering (see above).
Leaching  The remaval of oil materials and
nutrients in solution or suspension.

Leat  Anirrigation channel (kulo in Nepali).
Legumes Used loosely to refer to a large family
ot plants (Leguminosae) which bear their seeds
in pods which split open along a line. Beans,
lentils, peas, clovers and acacias all belong to
this family. Strictly, the word Tegume’ refers to
the pod of seeds.

Loam A soil with moderate amounts of
sand, siltand clay, and which is therefote
intermediate in texture and best for plant
growth.

Lop  Where the branches of trees ate cut to
provide fodder or small firewood.

Magma The molten material that exises
below the solid rock of the Earth’s crust, and
sometimes reveals itself on irs emission from a
volcano. It does notalways reach the surface,
however, and may cool and solidify under-
ground, among older rocks,

Mantle The layver of viscous, molten rocks
underlying the crust of the Earth, and extend-
ing to about 2,900 km below the surface,
Maatle rocks have a higher density (about 3.3)
than the solid crust rocks above.

Matetial  Used in the broad engineering
sense to refer to any soil or accumulation of
rock fragments.

Metamorphic rocks  Any rocks derived
from pre-existing rocks by mineralogical,
chemical or structural change, especially in the
solid state, in response to marked changes in
temperature, pressure and the chemical
environment at depth in the Earth’s crust: thar
is, below the zone of weathering and
cementation. Metamorphosis may be from
contact (usually with a hot magma), where
changes are usually at high temperature but low
pressure; or dislocation, where changes occur
under high pressure but low temperature.
Changes due to both high temperature and high
pressute are known as regional metamorphism,
Most metamorphism in the Himalayas is
dislocation metamorphism.



Minerals The naturally occurring crystalline
chemical compounds found in rocks. Rocks are
composed of aggregations of minerals.
Molasse A Swiss geological term to describe
certain depositional materials found in fold
mountain belts. Molasses are a continental (i.¢.
non-marine) deposit formed in marginal
troughs and inter-montane basins during and
after major tectonic movements, They are often
cemented with caleareous and clay-rich
materials. These materials are common in the
Chutia range.

Monsoon  The name is derived from the
Arabic word mausim, meaning season, which
explains its application to a climate with large-
scale seasonal reversals of the wind regime. In
Nepal, ‘monsoon’ is usually used to deseribe
the period of the south-west monsoon rains,
which oceur between June and September.
Mudstones A sedimentary rock composed
of very fine (clay-sized) particles,

Mulch A layer of cut plant material placed on
the soil surface to conserve moisture,
Mycorrhizae A living arrangement
produced berween special fungi and the roots of
a plant, which increase the growth of the plant
considerably. This is a form of symbiosis, where
two organisms live together for mutual benefit,
Soils from pine forests contain the necessaty
fungi to bring this abour.

Mylonite A fine-grained metamorphic rock
formed through extensive cataclasis.

Naike  (Nepali) A nursery foreman,

Nappe A French geological rerm which
describes a sheet of rocks which has slid right
over another series of rocks as a tesult of
extreme folding due ro a thruse fault,

Node The point on a stem from which a leaf
or branch grows.
Nurse species A tough species planted
initially on a site, to improve conditions for the
desired final vegetation cover,

Orography, Orographic rain  Mountains,
hills and ridges, or effects resulting from them.
Orographic rain is caused by mountains in the
path of moisture laden air: the air is forced to
rise, which cools it and causes the molsture to
condense and precipitate,

Orthodox Sceds which need to be dried and
kept dry during storape.

(]
(=)

Palisade The placing of cuttings or seedlings
across a slope to form a barrier against soil
movement,

Perennial  Of plants which grow and
reproduce for many years.

Phraetophyte A plant with a high rate of
WATCr usage.

Physiography  The study of the physical
features of the earth, their causes and their
relation to one anather. Generally taken to be
the same as geomorphology.

Piedmont Literally, ‘the foot of the
mountain’. Usually used to describe the
piedmont afluvial plain (in Nepal the Bhabar
and Terai).

Pioneer species The first plants to colonise
bare ground.

Planar gliding A mass slope failure on a slip
plane parallel to the surface (i.c. not rotational).
It is the most common type of landslide and is
usually relatively shallow (less than 1.5 metres
deep). Tris also called a debris slide ora
translational landslide,
Plant community  Any group of plants
living together, either naturally or as a result of
planting,

Planting drill When grasses are propagated
using vegetative parts, the planting drill consists
of one or more grass slips or cuttings. (see also
Drill.)

Pollard A reatmentin which the main

trunk of a tree is cut oft, usually two to three
mettres above the ground, to allow new, smaller,
shoots to grow

Precipitation ln meteorology, the deposits
of water, as rain, hail or snow, which reach the
Farth from the atmosphere,

Progression A regular movement by
successive stages. In plant ecology, it refers to
the development ot repeated levels of plant
communites, towards a climax. Regression is
the rerurn rowards an carlier stage of
development,

Prop wall A wall provided in a weaker
portion of goil to give support to 4 stable portion
above.

Prune Tocut branches carefully inorder to
improve the shape of a plant or allow more light
to penetrate.

Rato mato A red soil, normally of clay loam
texture, formed from prolonged weathering
(probably >100,000 years). It can be considered
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semi-lateritic, as it does not have all the
characteristics of true tropical laterites. Because
of the length it rakes to form, the presence of
rato mato indicates an old and stable landform.
Recalcitrant  Seeds which must not be
dried but have to be kept moist during storage.
Regression See Progression.

Rbizobia  The nitrogen-fixing bacteria that
form nodules on the roots of many legumi-
nous species, including those listed here.
Rhizome  An underground stem that
produces shoots and roots. Grasses naturally
use thizomes and stolons for vegetative
propagation. Roots and shoots appear from
the nodes on each and eventually they become
individual plants.

Rill A small gully, up to about one metre
deep.

Road neighbours People living close to
roads, in the corridor of land where different
uses of the land affect or are affected by the
road.

Root collar  On a seedling, the line below
which the roots emerge. It normally
corresponds with the sutface of the soil and
often shows a change of colour or a shight
swelling,

Rupture plane  The plane of failure in any
mass movement. Sometimes there is no distinet
planc of sliding, but instead a zone of failure due
to a weakness in the material,

Sand  Mincral or rock fragments in the
diameter range of 2 to (.02 mm. Also applied to
a class of soil texture.

Sandstones A sedimentary rock composed of
sand-sized particles,

Scour  The physical removal of soil from the
surface by erosion. In some text books it is used
to deseribe erosion in broad, shallow rills which
can coalesce o give sheet erosion,

Serub  Vegetation consisting of short trees
and shrubs.

Sedimentary rocks  Rocks resulting from
the consolidation of loose sediments, or from
chemical precipitation from solution at or near
the Farth’s surface.

Seedling  Any plant raised from seed.
Shoot  The general name for any stem above
the ground.

Shrub A small woody petennial plant with
branches from ground level upwards.

Silt  Mineral particles in the diameter range of

0.02 to 0.002 mm (20 to 2 mm). Also used
loosely to deseribe any accumulation of fine
material, and applied to a class of soil texture.
Slip cutting A cutting made from a grass
that has fibrous roots but no rhizome system,
Sce also Grass slip.

Slumping A form of saturated flow of soil or
debris. Lt occurs mostly in weak, poorly drained
matetials, when a point of liquefaction is
reached following heavy rain. In effect, the
addition of water to the material causes a
reduction in cohesion to a point of limited
friction. Itis usually shallow (less than 500 mm
deep).

Soil The collection of natural marerials
occupying parts of the Harth’s surface that may
support plant growth, and which reflect
pedogenetic processes acting over time under
the associated influences of climate, relicf, living
organisms, parent marerial and the action of
man.

Soil capping  The formation on the surface
of a thin layer that is harder or less permeable
rhan the soil below. In many bare soils in Nepal,
cappings can be formed of elay through the
effects of rain drops on surfaces unprotecred by
vegetaton.

Stakeholder Any person, group or -
institution that has an interest in the activiry in
question. [tapplies ro both beneficiaries and
those who lose out, as well as those involved in
ot excluded from decision-making processes.
Stem  The parr of a plant with nodes, buds
and leaves; usually above ground, but some
(such as rhizomes) are undereround.

Stolon A stem that grows along the ground,
producing atits nodes new plants with roots
and upright stems.

Stratum (p/ strata) A layer of rock, distinct
from its neighbours, occurring as part of a series
in rocks. It is usually applied only ro s
edimentary rocks, but some metamorphic

rocks also have visible serata.

Strike  The horizontal line contained in the
plane of bedding, foliaton, or jointing of rock,
It is perpendicular to the dip, just as a contour is
10 the maximum slope of the ground. It is
always expressed as a reading less than 1807,
Subsoil  Ina moderately or well developed
soil, the layer(s) or horizon(s) below the topsoil,
Ieis usually made up almost entirely of mineral
constituents, and is less fertile than the topsoil.
1t is distinguished from weathered parent



material by the absence of any structural
characteristics of the parent material,

Sward An area of vegeration consisting
mainly of grasses; a low, dense mass of ground-
covering vegetanon.,

Syncline The trough or inverted arch of a
fold in rock strata. ’
Synclinorium A huge trough, in form
resembling a syncline, each imb of which
consists of a number of small folds,

Talus deposits Materials deposited from
upslope, and usually found on slopes below rock
outcrops. They are characterised by angular
debris, and are wsually loose and

unconsolidared. Other names are scree and
colluvium.

Tethys The ancient sea which separated two
ancient continents. Marine deposits laid down
in the Tethys Sea now form part of the Tibetan
Plateau.

Texture [n soils, the ‘feel” of moist soil
resulting from the mixture of different particle
stzes and organic matter. Texture is classified
into groups of soils with similar properties on
the basis of the mineral component. For
example, clay loam contain 27 to 40 percent
clay, 15 to 55 percentsiltand 20 to 45 percent
sand.

Thin  The removal of a proportion of the
plants in a given area, to allow the others to
grow bigger. This is a standard nursery and
forestry procedure.

Thrust or thrust fault Sce fault,

Toe wallA wall of low height provided to
protect the toe of a soil mass.

Topography A detailed deseription or
representation of the features, both natural and
artificial, of an area, often with special reference
to the relief {differences of altitude).

Topsoil In a moderately or well developed
soll, the darker, more ferule and organically rich
upper layer or horizon of soil. In a cultivated
soil, it is often the plough layer.

Translational landslide See  Planar
sliding
Transpiration The process by which plants,

having taken in moisture through their roots,
return it to the atmosphere through the pores in
their leaves in the form of water vapour. This
can cause 4 major loss of soil moisture.

Tree  Awoody perennial plant that usually

grows with only one or two stems rising from
the ground, and branches our higher up.
Turf  The surface layer of soil, usually the top
LOO mm, matted with the roots of grasses.

Understorey  The part of a forest underneath
the canopy, consisting of shrubs, saplings and
herbs.

Viability  The length of time that the
majority of seeds remain able to germinate.
After a certain period of storage, seeds will not
germinate once sown. This varies for each
species.

Warp  Inweaving, the length-ways threads
first placed on the loom.

Weathering  The physical and chemical
alteration of minerals into other minerals by the
action of heat, water and air,

Weft  Inweaving, the cross threads woven
into the warp by passing the shuttle across the
loom.

Xerophyte A planr that lives in a desert or
other dry habitat.
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ROADSIDE Bio-engineering

Reference Manual

This reference book provides the
background information needed to
understand the use of vegetation in
engineering in Nepal, and the geological
and geomorphological basis of site
assessment for works on steep slopes,

It makes specific reference to roads.

The manual also contains background
information on the management of
vegetation, including aspects of
community participation and the law. The
main bio-engineering species are
described in detail. Standard specifications
and rate analysis norms are also provided.

It is intended that the Reference Manual
cover all subjects that an engineer would
need in the office. The companion Site
Handbook provides all the information
required on site.



