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PREFACE 

Understanding the natural environment and its relationship with the ecological 

processes is an essential pre-requisite for undertaking any developmental planning. 

The escalating anthropogenic activities, coupled wth poor management of land and 

water resources are placing tremendous stress on the environment, resulting in the 

steady increase of soil erosion, floods and drought, escalating urisan congestion and 

disturbing the ecological balance of the environment. Remedies to these maladies lie 

in the study of the causes of these aspects and providing the prescription for 

sustainable development. 

Consequently, the Balason fluvial environment, as part of the physical environment 

demanding considerable attention vis-a-vis development and planning, has been 

selected for detailed study. 

The fluvial environment, as a synthesis of geological, pedological, hydrological and 

geomorphological conditions and processes, includes a wide spectrum of aspects 

pertaining to these fields. Incorporating these aspects in the proper perspective will 

contribute greatly towards a better understanding of the fluvio-environmental 

adjustments and ecological balance in the study area. 

This present study therefore correlates the various aspects of the fluvial environment 

with the existing geo-enviranmental scenarios of the basin for evolving a suitable 

strategy for environmental planning and resource management. 
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INTRODUCTION 

The Balason river, one of the most important right bank tributary of the river 

Mahananda arises near Lepchajagat, (Latitude 27°3'55" N and Longitude 

88°14'12'' E), at an elevation of 2416 meter a.s.l., on the Ghum - Simana ridge. It 

flows through the southern part of the district of Darjeeling almost parallel to the 

88°13"E meridian, till it reaches the plain at an altitude of 305 metre from where it 

tums towards the southeast and meets the river Mahananda near Siliguri town. 

The important right bank tributaries include the Pulungdung Khola, Rangbang 

Khola, Marma Khola, Dudhia Jhora, Chenga and Manjha Khola. The Bhim Khoia, 

Rangnu Khola, Jor Khoia, Pachhim Khola, Rinchington khola, Rungsung Khola, 

Rakti Khola and the Rohini Khola are the major left bank tributaries. The 

tributaries have carved out deep gorges in the hilly section even though they have 

very small catchments. 

A. Problems 

Environmental degradation and assodated phenomena are the most pervasive of 

natural problems that undemiine the economic and cultural development of the 

Balason catchment In the Darjeeling distiict of Sub-Himalayan West Bengal. 

Deforestation along witii high intensity rainstorm induced accelerated soil erosion, 

mass movements in the upper catchment and massive flood and aggradation in 

the lower part of the catchment area. 

Implementation of various development schemes, construction of human 

settiement and road to cater the ever-increasing population, exploitation of forest 

produce to generate work potential, boosting of agricultural growtti, tourism, tea 

plantation, quarrying, on the Himalayan immature geology trigger the disaster, 

huge and complex, never encountered before. 

The situation was different even 150 years before. The hills were densely covered 

by natural vegetation with very thin population and the harmonious relation 



between the upper and lower catchment was well preserved. Extensive heedless 

deforestation, haphazard construction of roads and settJements, unscientific and 

illegal quarrying, over grazing, inadequate drainage, in other words - unscientific 

and unplanned usage of land has led to the establishment of vicious cycle of 

degradation. During heavy and concentrated rainfall, catastrophic soil erosion and 

innumerable landslides are caused to transport huge amount of sediments 

(400,000 m^ of suspended load and over 600,000 m^ of bed load) from the upper 

part of the catchment to the river Balason. 

Incapable of transporting the load efficiently under the existing hydrological 

condition, especially along its lower reaches, the rivert)ed is rising at many places 

at an alarming rate along its lower reaches. The channel pattern is thus, 

characterized by braiding even along the lower hilly section. The reduced crc»s 

section being incapable of arresting the unusual monsoon discharge (940.3 

cumecs in 1998) caused heavy devastating flood. 

In the non-monsoon period, however, the paucity of water is so acute that the 

local peqjie are unable to reap any benefit from the river itself. It therefore, 

becomes imperative to suggest remedial measures and actively implement these 

suggestions. Only then can tiie geo-political and ecological stability of tiiis 

extremely vulnerable region of the Darjeeling Himalaya be protected. 

B. The Study Area 

The area under study includes the south western part of the Darjeeling hills and a 

section of tiie Nortii Bengal fera/falling within 26°41' N to 27° 01' N latitudes and 

88°7' E to 88°24' E longitudes covering an area of 387.42 sq. km (figure 0.1). 

The Balason basin is still without major artificial control, and thus affords an ideal 

situation for making a direct observation of the various geo-environmental 

processes. The study area was confined upto the confluence with the river 



LOCATION OF THE STUDY AREA 

Figure o.i 



Mahananda, a little below Siliguri (latitude 26°48'37' N and longitude SS^IS'SO' 

£), as it is considered as one of the environmental hot spot of the country. 

C. Methodology 

In order to study the above-mentioned problem, a rationalistic methodology 

comprising of quantitative integration of geological, geomorphological, 

meteorological, pedological and hydrological parameters of the study area has 

been undertaken, the detail of which is outiined below: 

The basic aerial data has been obtained from the Survey of India topographical 

sheets no.78B/1, B/5 and B/6 and 78A/4 and A/8 (1:50,000) and aerial 

photographs (Run nos, 78 4-A/ 19-5 to 10, 78 4-A/ 21-5 to 10, 78 4 -A/ 22-3 to 8, 

78 4-A/ 23-5 to 10, 78 4/24-5 to 10). Maps published by the Geological Survey of 

India and Forest Departments have also been used for preparing the detailed 

programme of the present research work, specially the surveying plan, the layout 

of cross sections and test pits. Comparison of the old and new documents has 

been made to follow chronological depletion of the natural resources. 

Basic data on geology, topography, climate, vegetation, land-use pattern have 

been collected from secondary sources like topographical maps, G.S.I, records, 

Revenue maps, Satellite Imagery and maps and reports published by individuals 

and Institutions. 

Meteorological data i.e. rainfall, temperature, humidity etc. in and around the study 

area has been collected from Regional, Meteorological Office, /Mipur, Planters 

Club Darjeeling, /Agricultural Department Forest Department and individual tea 

gardens. 

Data on soil, vegetation, geology, geomorphology and hydrology have been 

collected from primary sources by intensive traverse and field studies. 

Various hydrological data regarding cross-sectional area, velocity, discharge, data 



were collected directly from field survey and wherever possible these have been 

verified with the official data and records of Central Water Commission. 

The geomorphological information along with the morphometric data of the basin 

and sub-basins (55 third order basins), have been collected from the 

topographical maps at a scale of 1:50,000. Both bivariate and multivariate 

statistical analysis of morphometric data have been carried out using: 

i. Correlation analysis 

ii. Regression and 

iii. Multiple regression 

Quantitative analysis of various geomorphic forms and processes have been 

attempted to find out the nature and form of micro-topographical units in addition 

to slope, relative relief, drainage density, dissection index etc. traditional methods. 

Pedological information have been gathered from the 50 sample sites selected 

randomly and analyzed in the Pedological laboratory of the Department of 

Geography and Applied Geography, Nortii Bengal University. The following soil 

properties have been assessed: 

a. Soil colour (Munsell colour chart); 

b. Soil texture (International pipette method); 

c. Hygroscopic moisture (Ignition method); 

d. Soil porosity, permeability, specific gravity, water holding capacity 

etc. (Keen Box method); 

e. pH(pH Meter); 

f. Soil organic carbon (Walkey and Black's Rapid Titration method); 

g. Base exchange Capacity (Saturation method); 

h. NPK(KitBox) 

i. Soil Plasticity Index (Liquid Limit device method); 

j . Compressive strength of soil (Vane Shear Meter); 

k. Penetration limit by cone penetrometine; 



The rate of infiltration was measured with the help of a galvanized steel tube with 

a diameter of about 20 cm. This was inserted into the soil and a head of water of 6 

mm was maintained to record the rate of infiltration. 

Primary data related to various other geo-environmental parameters was collected 

tfirough direct field observation and either by questionnaire or checklist 

Assessment of soil loss by water erosion has been carried out based on the 

existing standard methods (Wischmier and Smith, 1965, 1978; Fournier 1972; 

FAO/UNEP, 1978; Arnoldus, 1980, Requier, 1980 and Saritar, 1987 and 1991), 

Universal Soil Loss Equation (USLE) witfi the necessary modifications have been 

applied based on the diagnostic criteria of rain erosivity (R); topographic erosivity 

(L.S); soil erodibility (FQ and biotic erosivity (C.P). Based on these the potential 

and the predicted soil loss have been assessed. A comprehensive soil 

conservation plan for the study area was laid out keeping in mind all possible 

interactions among the variables. 

The study of landslide and related problems were entirely field based through 

intense traverse method and field observation with the help of check lists. Each 

landslide has been examined carefully under the heading of bedrock, climate, soil, 

forest cover, and human interference to find out the trigger mechanism. After 

apprehending the processes, mechanism and causes of the movement, the 

investigator has tried to offer the corrective measures for them. 

Various information related to the hydrological regime have been collected from 

the field stations at NH 31 bridge, near Matigara. In order to have an idea about 

the changing nature of the channel and spedally the impact of huge flood water 

on the channel form, a detailed study at tiie following three different sites were 

made: the c&itra\ station gauge (C/G) located 100 metre north of NH 31 Bridge 

across the river Balason, near Matigara, the up-stream gauge (U/G) 500 m nortii 

of the central station gauge and the down-stream gauge (D/G) 700 m south of the 

central station gauge. Hydrological records of the Central Water Commission 

steition at Matigara have also been consulted wherever necessary. An attempt has 

also been made to assess tiie bed load of the river indirecHy from the information 
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of gravel extraction from the river at four different sites between Dudhia to 

Matigara. 

The water resource of the basin has been determined by Khosla's method through 

the study of rainfall, runoff and rate of evaporation. Water resource has also been 

assessed based on discharge and run off of the river. An attempt has also been 

made to have a comparative study of the water resource estimates based on 

empirical method and discharge-mnoff method. 

Modified Leopold matrix (1971) has been employed to assess the environmental 

impact of development projects in the Balason basin. It involves 39 development 

activities under 9 broad headings and 58 environmental components under 4 

broad and 12 sub-headings. Environmental impacts have been identified under 

the headings of impact magnitude and impact significance. The matrix has been 

applied on checklist in 45 different sites. Two case study have also been 

performed one on the monoculture of Dhupi plantation and the other on cutting of 

hill tops and dumping of materials on slope. 

To compile the bibliography as well as the reference \A^rk, the libraries of North 

Bengal University, Calcutta University, National Library, Koikata, Geological 

Survey of India, Koikata, Natural History Museum, Darjeeling, River Research 

Institute, Haringhata have been thoroughly consulted. 

In order to understand the problems under study, all the data collected from the 

field and various institutional and other sources have been processed, analysed 

and computed in the Department of Geography and Applied Geography, North 

Bengal University to predict the exact sequence of events and to provide a 

workable formula for their control and finally to offer corrective measures for the 

over all environmentel stability of this extremely vulnerable part of the country. 



CHAPTER 1 

PHYSICAL BACKGROUND OF THE STUDY AREA 

1.1. Geology 

The Balason basin of the Darjeeling Himalaya, geologically speaking, is a 

cxjmplex region composed of rocks belonging to Archean to sub-recent age. The 

earliest systematic geological mapping of the Darjeeling Himalaya was carried out 

by Mallet (1874) followed by a large number of workers that include Gansser 

1964, Singh, 1971; Ac^arya, 1972; Lahiri and Gangopadhyay, 1974; Pawde and 

Saha 1982. A geological map of the study area (figure 1.1) has been prepared by 

the investigator based on the previous works, to show the regional distribution of 

rocks, while the chronological order of various geological formations of the study 

area has been depicted in table 1.1. 

a). Archaeans: 
The Archaean group of rocks are composed of 

i) Darjeeling gneiss and 

ii) Dating series. 

i) Darjeeliiig Gneiss: 

Stratigraphically, the Darjeeling gneiss has been classified as: (I) Golden silvery 

mica schist, (ii) Carbonaceous mica schist, (iii) Granetlferous mica schist and 

(iv) coarse-grained gneiss (Pawde and Saha, 1982). Opaque feldspar and layers 

of colouriess or g r ^ quartz appear to give the intensely sub-folded rocks a 

t>anded appearance. It varies in texture from fine-grained to moderately coarse­

grained rocks. At the source region of the river Balason, i.e., around Ghum Sukhia 

Pokhri region, the gneiss is rich in kyanite along with graphite and sillimanite. 

The Darjeeling gneiss is highly foliated, with the foliation dips being oriented 

generally from north to north west. The dips are inregular and range from 30° to 

50°. There are two prominent sets of joints in the gneiss: one running roughly NW 

to SE and the other NNW to SSE. Both the joints have a steep westeriy dip, 
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varying from 40° to 70°. The Darjeeling gneiss covers most of the northern part of 

the Balason basin which amounts to 59 % of the study area (around Lepchajagat 

peak, Chamong and Gaurisankar tea estate). 

ii) DaMng Series: 

Lying to the south of Darjeeling gneiss are the rocks of the Daling series 

comprising of grey sericite and chloritic slates, phyllites and schists. Quartz and 

quartz-felspathic veins traverse the rocks (photo 1.1). These veins, which had 

intruded prior to the deformation, are now noticed as lenticles and shreds, 

whereas the otiier intixisions tiiat occurred during the post deformation period are 

quite intact and have cut across the eariier veins. The rocks are often highly 

metamorphosed and jointed (photo 1.2). 

Slates form the lowest bed of tiie Daling series. These are greenish to grey, 

exhibiting a perfect slaty cleavage. The slates develop a phyllitic character with 

the prominent development of chlorite and sericite containing rounded to sub-

rounded pet)bles of quartz in some places (Powde and Saha 1982). The transition 

from slates to chlorite-sericite schists is gradual. Th^^e rocks are very much 

crinkled, criss-crossed with chlorite, sericite and quartz. Tourmaline and iron ore 

occur as accessories. 

The Dalings are remarkable for their consistent development and monotonous 

lithology over a great tiiickness. They are the representative of late Pre-cambrian 

to eariy Cambrian argillaceous sequence. The rocks have dip ranging from 30° to 

80° N and NE. This fonmation covers about 11 % of the total area under study. 

b) Permian 

The coal-bearing Gondwana rocks of the Damuda series rest against the Dalings 

to tiie north, as a tiiin belt extending almost in an east west direction and 

sandwiched between tiie two tiinjsts: namely, the Daling Thrust in the nortii and 

the Main Boundary Fault to the south. The Damudas are characteristic coal-
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Photo 1.2. Highly jointed Darjiling gneiss 



bearing detrital rocks of lower Gondwana age as proved by its fossil-flora. The 

predominant rocks are feldspathic, partly micaceous brownish sandstone, shaly 

micaceous sandstone, carbonaceous shale and coal seams. Generally, the coal 

is highly sheared and frequently altered to anthracite (Acharya, 1972), with further 

reduction of volatile elements, some of the carbonaceous shales change into 

carbonaceous or even graphitic schists. The semi-anthracite coal seams in this 

rock belt are found to be continuous from Pankhabari to Tindharia within the area 

under study. The beds have a generalized strike of ENE-WSW, with dip varying 

between 40° and 90° towards northwesterly direction. These rocks have 

undergone great crushing and disturbance along with a great diange in 

lithological characters. Starting from the eastern bank of the river Balason, this 

rock has been extended eastward witti an enlarging width. The Gondwana rock 

covers about 3% of the total area of the Balason basin. In the western part of the 

Balason river however, the Gondwana rocks are not exposed. 

c) Miocene 

The Miocene group of rocks is characterized by the Siwalik system. The foothill 

belt expose the rocks of the Siwaliks system, comprising of soft greyish 

sandstone, mudstone, shales and conglomerates along with tiieir bands of mariy 

shales and lignites. The Siwalik sandstones show well-developed laminations and 

contain sedimentary dykes of same material, but often showing a conti'ast in 

colour (IVIallet 1874). The top beds of this formation are usually pebbly and 

contain rounded to sub-rounded pebbles of quartz, having either a random 

orientation or are aligned p)arallel to the bedding plane. The sandstone are 

usually thick (3000 m), often massively bedded and frequentiy characterized b^ 

cun'ent bedding and graded bedding (Mallet 1874). The general strike of this rock 

is eitiier NNE-SSW or NW-SE with dips varying between 30° to 60°. 

The east-west continuation have been interrupted by tiie nortiieriy extension of 

the alluvium deposits tiiat divides it into small segments, all of which are situated 

along the foot-hill zone of the Himalaya. The river Mechi represents the exti'eme 

western part from which it begins and ends in the western bank of river Balason. 



The middle part proceeds along the Hill Cart Road, fl-om Sukna Forest Rest 

House towards the north, upto Rangtong Railway station and comprises of soft 

grayish sandstones, mudstones, shales and conglomerates along with their bands 

of mariy shales and lignite. The general strike is WNW-ESE. The dip ranges from 

30°-70° NNE. The area under this rock system comprises about 7.5% of the total 

study area. 

Tablel.l 
The geological succession of the Balason river basin 

Geological 
periods 

Pleistocene 
or sub-
Recent to 
Recent 

Miocene or 
lower 
Tertiary 

Permian 

Achaean 

Geological 
structure 

Alluvium (older & 
recent) 

Hin 

Nahan group; 
Lower Siwalik 

Damuda Series 
(Lower 
Gondwana) 

Daling Series 

Darjeding 
Gneiss 

Age of 
beginning 
(million 
years) 

2 

nalayan Front 

26 

tt ̂ ult (Main 

280 

Thrust 

3800 

Type of rocks 

Boulders beds and other sands and 
gravels; dtift fornmtkin; younger flood 
plain deposits comprising sand and 
gravel, pebble etc. 

1 (jmoniG i-iiiu 
Soft g r ^ s h sand tones; mudstones; 
shsrtes and congk>merates along with 
the bands of limestone, shale and lignite 

Duunuciry rauii/ • 
Quartzitic O ârd & soft) sandstones with 

slaty bands; shales and slates; semi-
anthracitk: (Graphitic coal; Lamprophyre 
silts and minor t}ands of limestone 
fault 
Daling series: slates (greenish to grey 
with perfect slaty cleavage); phytlites 
sunounded by the pebbles of quartz; 
ChkKite-sericite schists ^ t h barvcls of 
grity schists injected with gneiss 
(crinkled); Tourmaline & iron occur as 
accessories, granites pegmatites and 
quartz veins. 
Daijeeiing gneiss: golden-silvery mica 
schist; cartxmaceous mica-schist; 
granetiferous mica-schist; and coarse 
grEuned gneiss 

Based on Maliet, 1884; Ganser, 1964, and Pawde and Saha, 1982. 

At the foot of the Siwalik, the river flows through raised terraces, which are of 

recent to sub-recent origin. These comprise of gravels, pebbles and boulders 

mixed with feniginous sand and day. The formation is somewhat consolidated 

and stratified, and shows evidence of upheaval at places (Gansser, 1964). The 
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reddish colour of the fomnation is due to oxidation and thereby proves its antiquity 

when compared to the alluvium of recent age, noticed further south. 

d. Pliestocene: 

South of the Swalik system and within the basin is the alluvial plain that is a part 

of the vast extension of the North Bengal plain. The hill-wash, consisting of 

gravels and coarse sands, occur along the foot of the Darjeeling Himalayas 

forming several alluvial fans, which often merge to form the vast W-E extending 

piedmont plain of tera/landscape. The tenraces rise due to the deposition of rivers 

that often change their course. The lithology of the plain suggeste that everywhere 

the rock fr-agments are either fluviatile or the product of sub-aerial erosion in 

nature. 

Field investigation suggests that tiie alluvium is composed of successive layers of 

sand, silt and clay with some bands of gravel and lenses of pitty organic matter. 

The thickness of the alluvium is variable. The places that fall within this fonmation 

are Garidhura, Panighatta, Simulbari, Mariont>ari, Phulbari Patan, Chamta, 

Tutinbari, Khaprail, Matigara eto. covering about 19.5% of the total basin area. 

1.2. Topography 

The basin, under study, comprises of a section of tiie hilly region of Darjeeling 

Himalaya and its adjacent piedmont plain called fera/of the Darjeeling distiict, in 

West Bengal. The hills of Darjeeling Himalaya rise abruptiy over the fera/which is 

composed of alluvial fans (Basu and Sari<ar,1990). The elevation increases from 

121 metre at Matigara to 2416 metre at the northernmost apex of the basin i.e., 

Lepchajagat, witii the relative height of the hills fluctuating between 1000 to 2000 

metre. The edges of the hills are dissected, witii steep slopes inclined betw/een 

30° to 40°. 

The network of ridges and valleys shows a dendritic pattem. Several narrow 

ridges in the form of structural scarps rise between 1500 to 1800 meter above sea 
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level, being connected to the more resistant Darjeeling gneiss. Along the main 

valley, continuous flat segments along with flattening over slope breaks, mark its 

vast destructional level (Starkel, 1972). These surfaces rise to elevations of about 

500 to 600 metre above the valley of the Balason, at an altitudes between 1000 

metre to 1500 metre above sea level. While the northern part of the basin consists 

of resistant gnessic rock, the southem part is composed of slaty and schistose 

rocks, which are less resistant to weathering and erosion. 

The rivers are mainly south-flowing and erode more along the Dalings and 

Damuda areas. However, the density of dissection by deep valleys is very low and 

do not reach 0.5 km / km^ This is due to the great depth of valleys and length of 

slopes that reach 1-3 km or more. A number of relatively flat, areas with visible 

undulations including shallow (0.5 - 2 meters) depressions, connected with mass 

movements have been identified. This indicates the dominance of back 

weathering of slopes over the fragmentation (Starkel 1972). 

The general topography of the Balason basin shows a prevalence of young 

convex slopes, with weakly developed concave l:»sic parts. While the steeper 

portions, inclined at 30° to 45° are mainly rocky, ttie more gentle slopes, inclined 

at 15° to 30°, are covered with regolith. The relief of the valley floor and river 

channels exhibit the features of the young steige of evolution with steep ungraded 

channels, narrow floors and steep valley sides. The longitudinal profile shows that 

the valley has directly dissected Ihe mountain edge. The gradients of headwaters 

are steep and controlled by lithology and mass movement, but going downstream, 

the valley floors start to broaden out and aggradations prevail, despite the 

relatively high gradient Finally in the alluvial fans of the terai zone, they are 

dissected at their apex (figure 1.2). 

Numerous streams traverse the fera/area, \A^ich is formed due to the coalescing 

of several alluvial fans (Banerjee and Banerjee, 1982). Along the course of the 

river the sediment fi-action declines firom boulders (0.5 - 1 m . in diameter and 

more) to sandy-gravel at a distance of 15 km. The channel width of the Balason 

also diminishes from 2 km to 0.5 km. 
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A great colluvial fan, in October 1968, pushed the main river towards the right 

bank and the boulders (1-4 meters in diameter) were exposed on the channel 

sides. The tan suriace was built up liy finer debris during the reactivation of 

landslides in 1983 and was later dissected several meters deep at its margin. The 

Infill of the coarse material in the Balason channel caused aggradation 

downstream, in the form of wide side-bars, up to the outlet of Balason from the 

mountains (Staricel et al, 2000). 

Rivers and streams which have cut gorges, have also given rise to terraces, 

across the undulating and low plateau-like drift deposits, thereby forming a typical 

piedmont landscape over looking and often merging with the plains to the south. 

Atong the extreme south, the topography is characterized by flatness. The rivers 

often describe a braided nature and are filled with sandy bars (Baneijee, et al 

1982). 

1.3. Climate 

The nature of river networi< depends to a great extent upon climate, since the 

geometry of river channel is controlled by discharge, which in turn, depends upon 

the balance t)etween all the components of the hydrological cycle. Rainfall input to 

the hydrological system is modified by temperature, humidity and wind condition. 

The climate of the Balason Basin is characterized by a greater degree of 

seasonality, brought about by the latitudinal extension and the wide altitudinal 

variations that also contribute to the vertical zonaiity of temperature. Thus, the 

climate of the study area owes ite distinctness due to its position, wide differences 

in altitude and the precipitation caused by the humid air masses from the Indian 

Ocean carried by the Southwest monsoon, accompanied by break phases, 

combined with heavy and continuous precipitation. Moreover, as a result of the 

shifts of the monsoon tinoughs, towards the mountain margin, and the peculiar 

configuration of tiie ridges and valleys also contribute very high intensity rainfall 

along the parts of southern slopes, causing flash flood. 
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13.1 Seasoiis 

The following seasons are noted in the Balason basin: 

a). The winter season (December to March), 

b). The hot weather season (April to May), 

c). The rainy season (June to September) and 

d). The transitional period (October to November). 

However, the duration and extent of the seasons are not similar. The hilly regions 

experience a longer monsoon, with mist and almost continuous rainfall, starting in 

some years, from ttie first week of May. The maximum number of cloudy days 

occurs in this season. The winter is usually cold and unpleasant and continues till 

February, while spring and autumn are the most pleasant seasons. In the 

southem part, the climate is characterized by prolonged hot and humid summer. 

Table 1.2. 

Rainfall and ten]|>erati]re characteristics of the Balason basin. 

Months 

January 
February 
March 
April 
May 
June 
July 
August 
Sef̂ ennber 
Octdaer 
Novmnber 
Dec«7ib^ 

Hills 
Rainfall 
in mm. 

13.89 
20.16 
47.97 

112.89 
321,67 
631.45 
867.59 
659.89 
556.24 
167.39 
36.96 
10.88 

Temperature 
in °C 

10.55 
12.28 
15.55 
18.67 
19.79 
20.85 
21.72 
21.98 
19.99 
18.37 
15.69 
11.98 

Plains 
Ranfall 
in mm. 

20.16 
22.34 
56.34 

129.82 
248.98 
598.44 
865.26 
634.66 
487.21 
145.99 
48.98 
14.46 

Temp^afcjre 
in "C 

17.39 
19.67 
23.46 
26.32 
27.77 
28.62 
29.41 
29.82 
27.44 
26.69 
23.03 
19.21 

Basin 
Rainfall 
in mm. 

17.03 
21.25 
52.17 

121.36 
285.33 
614.95 
866.43 
647.28 
521.73 
156.69 
42.97 
12.67 

Temperature 
in °C 

13.97 
15.98 
19.51 
22.50 
23.78 
24.74 
25.57 
25.90 
23.72 
22.53 
19.36 
15.60 

Source-. Collected from different Tea Garden Records. 

1.3.2 RainfaU 

The southwest monsoon contributes about 85% of the total annual precipitation. 

July is the rainest month, followed by August. Thunderstorms, accompanied by 

rain occur in April, May and in October. On an average, the number of rainy days, 
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REPRESENTATIVE RAINFALL AND TEMPERATURE 
OF THREE BROAD REGIONS OF THE BALASON BASIN 
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with more than 2.5 mm. of rain, varies ft-om below 100 days in the plains to 124 in 

the higher slopes of the basin. The annual precipitation fluctuates from 2000 mm 

to more than 5000 mm within the study area. The highest monthly rainfall occurs 

in the month of July, for both the hills (868 mm) and plains (868 mm). The 

southem hilly part of the basin receives more rainfiall (3446 mm), than the plains 

(3272 mm). The average annual rainfall for tiie basin, as a whole, is 3359 mm. 

(table 1.2 & figure 1.3). 

1.3.3 Temperature 

The hilly region of the Balason basin has a mean annual temperature of 12°C, 

while those of the plains record 24°C. During summer, the mean temperature 

range between 16°C to 17°C and 27°C to 28°C respectively; while the mean 

winter temperatures fluctuate between 5°C to 6°C in the hills and 12°C to 13°C in 

the plains. The lowest recorded winter temperature in the hills range between -1 °C 

to -5°C. The air humidity fluctuates in the plains fi^om 58% in March to 87% in 

summer, but in the higher reaches, humidity is generally high, as a result of 

excessive cloudiness. 

1.4. Soil 

The soil, in the Balason basin of the Darjeeling Himalaya, has long and complex 

history. The geographical and climatic factors made the region suitable for the 

spread of the tea plantations. With the increase of population, forests were greatly 

exploited. Forests were cleared for making cultivable land available and forest 

produce such as timber were used, both as fuel and building material, along with 

fodder for domestic animal. 

Thus, the original soil of the region has undergone changes, resulting in the 

alteration of its nature. In many cases, the soil has actually undergone more than 

one cycle of formation. The records of its past history have been mostly 

obliterated, either by the formation of new soil on the truncated top of the older soil 

or by the complex removal of the original soil by erosion (Sarkar, 1990). 
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1.4.1. Pedogenesis 

Soil is the product of the action of climate and organisms upon the geological 

foundations which constitute the soils patent material. The ultimate character of 

soil is further conditioned by factors like topography, drainage, time and human 

activities. All tiiese factors are important soil conti-ols in tiie study area, although 

some are more important tiian others, which need special mention. 

The study area is characterized by a general hot-warm and humid climate, with 

strong seasonal distribution of rainfall, leading to the general bleached nature and 

silica dominated surface soil. Human activity on vegetation, leading to deleterious 

effects on the soil fSarkar, 1990), is highly evident in the study area. Heavy 

deforestation with increased pressure on the soil resource, by continuous arable 

cropping, tea plantation, overgrazing, monocultunal plantations and changes in tiie 

past and present landuse practices have led to accelerated erosion. The 

truncation of soil profiles is spectacular and serious throughout tiie study area, 

espedally along the northern hilly ti^cte. Profile studies show tiiat topsoil removal 

is widespread and the present use. is often k)eing canied out on former sub­

surface horizons. The progressive break-down of sti^lctu^e and tiltii is one of the 

factor which aids soil panning and subsoil compaction in some places. 

The parent materials and topography, especially the slope gradient and 

orientation, have predominant role in governing the soil variability within the 

watershed. The variation in lithology obviously govern the characteristics of the 

weathering products and hence, soils of tine different strate. Due to very high 

rainfall, moderately high temperature and high micro-biological activity, very high 

rate of chemical weathering is found almost everywhere, almost all rocks and at 

all altitude regime. The effect of tiie slope needs to be superimposed on lithology 

soil-type a>nfBlation. Field observations indicate that soils are active even on the 

gentier slopes. Colluviation and slope wash are the most active process operating 

on valley sides and ridge flanks. On the steep slopes, the soil profile reveals 

features like solum mixing, truncation and the presence of colluvial stone 

horizons. 
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1.4.2. Soil aassiiication: 

The soil-mapping units recognized and described in this study are based on the 

USDA, Soil Taxonomy (Saricar, 1990). The taxonomic orders, sub-orders, great-

groups and sut>-groups have been recognized and shown on the soil map 

(figurel .4) and also represented in the table 1.3 below: 

Table 1.3. 

Taxonomic soil groups of the Balason basin 
Soil order 

Entisols 

Inceptisols 

Sub order 

Orthents 

Fluvents 

Umbrepts 

Tropepts 

Great groups 

Udorthents 

Topofluvents 

Haplumbnets 

DystFopepts 

Sub groups 

Typjc Udorthents 

Typic Tropofluvents 

Typic Haplumbnets 

Lithic Hapluml)rets 

Typic Dystropepts 

UmtMC Dystropepts 

Fluventic Dystropepts 

Area 
covered 

in sq. 
km. 

56.81 

53.26 

31.21 

25.98 

144.29 

38.12 

17.75 

% area 
to total 
area 

15.46 

14.50 

8.49 

7.07 

39.27 

10.38 

4.83 

For a generalized idea of the nature and characteristics of the soil of the study 

area some salient features of the taxonomic units have been described below: 

1.4.2.1. Entisols: 

These soils have little or no evidence of pedoiogic profile development either due 

to short duration or receiving of new deposits of alluvial at fiiequent interval from 

the higher tracts. The only evidence of pedoiogic alteration in these soils is a small 

accumulation of organic matter in the upper 30 cm. 

The order Entisols have been found to comprise the southem undulating to gently 

sloping terrain, covering 29.96% of the study area. Small pockets are found 

around Marma and Nagri farm along the Balason valley, Singbuli, Makaibari, 

16805^7 
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Pankhabari, Longview, Khaprail and Matigara. Two sub-orders namely a) Fluvents 

and b) Orthents have so far been identified in the study area (figure 1.4). 

a) Fluvents: 

These are light grey to pale brownish soils, formed in recent water borne 

sediments, found mainly in the flood plains and alluvial fans. The fluvents occupy 

a large portion of the southern part of the study area, in and around Matigara and 

Khaprail (figure 1.4). They have low organic carbon percentage (1.0 -1.5%), with a 

coarse sandy texture, with granular structure. The fluvents of this region belong to 

the tropofluvent great group i.e., udic soil moisture regime and have some amount 

of weathered clay. The sub-group is recognized as typic tropofluvents. 

b) Orthents: 

The orthents belonging to the great group udorthents and sub-group typic 

udorthents, have been found to occur along the eastern, northem and north 

westem parts of the Tropofluvents in Negri farm, Marma, Singbuli, Makaibari, 

Pankhabari and Longview (figure 1.4). They are primarily entisols on recent 

erosion surfaces, where, the fomrier soil has completely or partially been removed 

or tmncated to such an extent that the diagnostic horizons for the other orders 

remain absent. The interfluves are generally composed of older alluvium and/or 

alluvial fan materials which are situated 5-10 metres above from the flood plains. 

They have developed on very recently exposed regoliths, mostly as 

unconsolidated sedimentary deposits. 

1.4.2.2. Inceptisols: 

They constitute the most extensive soils, covering approximately 70.04% of the 

area under study. They are widely distributed in the hilly tracts, where the slope-

gradients range form 10 to 65%. These soils are typical of the humid regions, 

possessing a wide variety of physical and chemical properties, that vary with 

respect to their depth, colour, texture, structure, organic carbon, porosity, 
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pemneability etc. They share a common feature as they have lost bases, but they 

retain some weathered minerals. Normally, they lack an illuvial horizon, which is 

enriched with silicate clay that contains either aluminum or organic carbon. 

This soil presents a variety of management problems to farming and forestry, as 

the temperature regime is themiic to meso-thennic with the soil moisture regime 

being udic to ustic, with strong seasonal precipitation. Two sub orders i.e. tropets 

and umbrepts have been identified in the study area: 

a) Tropets: 

These are brownish, more or less freely drained Inceptisols of humid tropics, that 

occur in the northern part of the basin, with a thin to moderately deep profile (50 to 

120 cms), developed mostly on steep slopes along the northem hilly area and 

along the foothill around Marionbari, Simulbari and Panighatta. The soils have an 

isothermic or warmer iso-temperature regime, with the soil moisture regime being 

udic to ustic, with broad-leaved vegetation. Three great groups have been 

recognized: i). typic dystropepts, ii). umbric dystropepts and iii). fluventic 

dystropepts. 

b) Umbrepts: 

They have developed along the slopes of Selimbong, Seeyok, Pubong, Dooteriah, 

Tung, Karsiyang and Ambootia (figure 1.4). These are acidic in reaction (pH 5 -

5.5), being dark reddish to brownish in colour, finely drained, carbon rich 

inceptisols of humid tropics and sub-tropics and developing from varied types of 

parent materials, which are mostly coarse-grained jointed schist and gneiss. 

The most striking feature of pedogenesis is the natural umbrella to the surface 

soil, provided by the thick vegetal matter, accumulating on the surface. The 

vegetation are mostly mixed, but coniferous forests with frequent falls are 

common at higher altitudes. The soil temperature regime varies from mesic to 
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thermic. The umbrepts of the study area have been classified into two sub groups: 

i). typic haplumbrepts and ii) lithic haplumbrepts. 

1.5. Natural Vegetation 

The Balason basin is a region of wide variety of forest resources. The most 

remari<able feature of the forest of this region is the wonderful variety of species 

that it contains. Few places in India command range of variation of forest types as 

found in such a small area of the Balason basin. It is periiaps, in fitness of things, 

that forest conservancy was initiated in this part of the country more than hundred 

years age. 

Many researchers have so far classified of the natural vegetation of this region 

which includes wori<ers like Hooker (1854), Champion (1936), Banerjee, 1964; 

Bhujel (1996) etc. Among the various factors responsible for spatial differences of 

forests, pedological and climatic factors are by far the most important. Champion 

and Seth classified the forests of Oarjeeling area based on rainfall and 

temperature. Three major types of vegetation which are further subdivided into 

sub types can be recognised: 

1.5.1. The Tropical forests: 

High temperature and heavy rainfall in this area generally helps the development 

of dense vegetation. The Tropical vegetation is characterized by the presence of 

deciduous forests with Shorea robusta as a dominant species. Bhujel (1996) 

further divided it into four sub types: 

a). Riverain forest, 

b). Sal forest, 

c). Dry mixed forest and 

d). Wet mixed forest 

(a) The Riverain forests can be observed in small patches along the 

riverbeds of the Balason, Rakti, Rohini and Mechi. The common tree species 

20 



found in this region include, Meliosma pinnata, Albma procera, Albizia lebbeck, 

Acacia fenticularis, Alstonia sctiolaris, Lagerostmemia parvHtora with Acada 

catecttu and Dalbergia sissoo occumng as distinct patches in planted forests. 

Saccharum spontaneum, Mil<ania micranttia, Cierodendrum japonicum, C. 

infortunatum, Buddleja asiatica, Oroxyfum indicum, Globba spp. cover the forest 

floor. 

b) Sal (Shorea robusta) fcn-est Stiorea robusta is the conspicuous species 

growing in Lower Siwalik foothill and terai and well-drained loamy plains. The 

main associates of sal in this region include Terminalia alata, Aglaia lawii, 

Duabanga grandiflora, Eugenia kurzii, Dillenia pentagynai, Chuf(rasia tabularis, 

Meliosma pinnata, Lagerstroemia parviflora, Tetrameles nudiflora. 

Stereospenvum chelonoides, Anthoceptialus chinensis along with Pavetta indica, 

Clerodendnim japonicum, Phlogacanthus thyrsittoms, Barleria cristata. Pinus 

roxburghii. These plants are also seen associated with species like Shorea 

robusta, Ficus oligodon and Pheonix humilis in some drier valleys. 

c) The d ry mixed forest is represented by the presence of Gmelia arborea, 

Tetrameles nudiflora, Beilschmiedia dalzellii, Erythrina stricta, Bombax ceiba, 

Alstonia nerifolia, Merremia emarginata, M. hederacea, Artocarpus lacucha, 

Eugenia kurzii. 

d) The wet mixed forest is dominated by semi-evergreen trees, along with a 

very large number of shrubs, climbers and herbs. This zone is rich in epiphytes 

and stem-parasites giving it a distinct characteristic. The major tree species of this 

sub-zone include Terminalia myriocarpa, Michelia champaca, Sygzygium 

formosa, Cinnamomum glaucescens, Utsea monopetala, Beilschmiedia 

roxburghiana, Pterospermum acerifolium. The lower strata and ground 

vegetation include Beaumontia grandiflora, Bauhinia vahlii, Entada pursaetha, 

sinohimalensis, Cryptolepis buchananii, Mikania micrantha, Ipomea quamoclit, 

Boerhavia diffusa, Argyeria roxburghii, Ageratum conyzoides, Blumea 

balsamifera, Sonchus asper, Sauropus pubescens etc. 
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1.5.2. Sub-tropical forests (800-1600 nO 

The vegetation of this region is affected by seasonal climate of dry winter and a 

wet monsoon and thus consists largely of the tropical genera and species. The 

mixed forest is mostly deciduous in nature. This includes regions like upper 

Balason, Rangbang khola, Marma khola, Manjwa Jhora, Rakti khola and Rohini 

khola. Several species blend into this zone firom the tropical and plain areas. 

Castanopsf's indica, Schima walfichii, Gmefia artorea, Adina cordifolia, Duabanga 

grandfffora, Gynocardfa (xiorata, Bischofiajavanica, Callicarpa arborea, Alangium 

cMnensis, Terminalia afata, T. bef/irica, Sygzygium ramosissmum constitute the 

dominant trees in this region. In addition Castanopsis tribuloides, Cinnamomum 

bejolghota, Magn'rfera syfvatica, Phoebe lanceolata, Litsea cubeba, Frax'mus 

fforibunda, Helicia nrlagirica, Phyllanthus embfica, Mallotus phflippensrs, 

Engelhardtia spicata can be seen in some places. 

The undergrowtiis include Mussaenda roxburghii, Dendrocafamus hamiltonii, 

Osbeckia nepalensis, Osbeckia stellata, Buddfeja asiatica, Embelia fforibunda, 

Croton caudatus, Thysanotaena maxima, fmperata cylindrical, Holmskioldia 

sanguinea, Woodfordia fruticosa, Boehmeria glomemlifera. This forest is 

characterized by the presence of a good number of climbers such as Bauhinia 

vahlii, Tinospora cordifolias, Cissampelos pareira, Mucuna pmriens, Thunbergia 

fragrans, Vitex negundo. The common herbs are Commelina benghalensis, 

Cyanodon dactylon, Pilea hookeriana, P. smilacifolia, Elatostema lineolatum, 

Ageratum conyzoides, Oxalis comiculala, Urena lobata, Triumfetta riiomboidea. 

Exotic weeds like Euptorium odoratum and Mikania micrantha grow profusely in 

disturbed forests, while thickets of tiie tree-fem Cyathea brunoniana are found in 

moist and shady places. 

1.53. Teiiq>erate Vegetatioii (1600-2400m) 

The temperate vegetation comprises of dense forest that includes areas extending 

from Karsiyang, Toong, Sonada, Darjeeling, Mirik, Sukhia Pokhri, 

Maneybhangyang, etc. The richness of the vegetation is displayed by the 
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presence of the largest number of species and the widest diversity occurring in 

this region. J.D. Hooker (1854), remarked that the temperate vegetation of this 

region is 'roughly divisible into tower non-coniferous and upper coniferous and 

Rtiododendron belt, but the line of demarcation between these varies so greatly 

with the exposure and humidity of the locality, that they cannot be dealt apart'. 

The temperate forest of the region is sub-divided into three subtypes: 

a) Temperate £>eciduoiis fwes t : is characterized by the presence of trees like 

Betula alnoides, Exbucklandia populnea, Eleocarpus lanceifolius, Eleocarpus 

sikkimensis, Acer campbellii, A. sikkimensis, Engelhardtia spicata, Lindera 

neesiana, L pulchem'ma, Prunus nepaulensis, Alnus nepalensis, Rhododendron 

grande, Rhododendron arboreum, Eurya acuminata etc. 

b) Evergreen Oak fcH-est : comprises of trees like Quercus lamellose, Q. 

lineata, Q. oxydon, LHhocarpus pachyphylla, Acer hookerii, Lelegans, 

Cinnamomum impressinervium, Eriobotrya petiolata, Eurya acuminata, 

Pentapanax fragrans, Litsea elongata, Litsea sericea, Juglans regia, 

Leucosceptrum canum, Uthocarpus pachyphyllus, Poplus ciliata. Shrubs like 

Dichroa fabrifuga. Viburnum erubescence, Jasminum dispermum, Nellia 

thyrsiflora, Arundinaria mating, Hypericum hookeriana, Norysca urala, Notochaete 

Ajaemosa with climt)ers like Dicentra scandens, Edgaria darjeelingensis, Holboellia 

latifolia, Sechium edule, Smilax ferox, Codonopsis affinis, Streptolirion voluble, 

Rubia manjith etc.and herbs (ike Achyranthes bidentata, Anaphalis contorta, 

A.tripiinervis, Artemesia japonica, Bidens pilosa, Potentila fulgens, Plantago 

erosa, Rumex nepalensis, Clinopodium umbrosa. Gallium asperifolium, Swertia 

chirayita, S.bimaculata, Impatiens arguta, Lysimachia altemifolia, Poulzolzia hirta, 

Hypoestes triHora, Hemiphragma heterophylla, karwinskianus, Fragaria nubicola 

to name a few, forming the ground cover. 

However, the introduction of exotic species like Cryptomeria japonica in the upper 

and middle hill has adversely affected the natural vegetation in the region, since 

such a move has resulted in the decrease of species diversity, especially in areas 

where the said species has been established as a monocrop. 
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1.6 Landuse 

The study area until 1835, was mostly covered by dense forest and inhabited by a 

few migratory Lepchas in the hills and the Meches in the foothills and was 

'completely ctothed with forest from Vie very top to the bottom' (Hooker, 1854). 

The degradation began with the construction of a road connecting Darjeeling to 

the plains in 1839. Soon large tracts of forests were replaced by roads, tea-

gardens, railway lines and settlements. 

Experimental planting of tea started fi'om 1841 under the supervision of Dr. 

Campbell, Superintendent of Darjeeling. The success led to rapid growth of the 

plantation and soon tea gardens like Ambootia, Makaibari, Soureni, Phuguri eto. 

were established between 1860 and 1864. By 1871, nearly 20 tea gardens with 

approximately 890 hectares of forested area was leased out for tea cultivation. At 

present, the maximum area (within the study area) is occupied by tea plantations, 

which covers an area of 99.33 sq. km constituting 27.03% of the area, witiiin the 

Balason basin. 

With time, a pronounced decrease in tiie forest cover became apparent and at 

present the forest is mainly restricted in the north and north-eastern section of the 

study area witii small natijral patches at Singbulli, Selim Hill, Manjwa and 

between Pankhabari and Longview. The forest area, today, occupies an area of 

96.18 sq. km approximately (figure 1.5). Settlements witii cultivated waste cover 

29.92 sq. km witiiin the study area. 

1.7 Condusicni 

It can be seen that tiie study area is geologically young and fragile region, with 

intensely metamorphosed rocks like phyliite, schists, slates and gneiss covering 

most of the area. These rocks are highly weathered, firachjred and jointed and 

have a tendency to produce slope instability during intense rainstorm. 
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Topographically, the area may be sub-divided into the northern hill region with 

steep slopes and the southern terai area, exhibiting convex slopes and fan 

formation due to aggradation. The temperature shows very wide variations, which 

are directiy dependent upon the altitude. 

The soils of the Balason basin can be sub-divided provisionally into 2 orders, 4 

sub-orders, 4 great- groups and 7 sub-groups. The above soils have an inherent 

low nutrient status. The entire southern half of tiie study area shows deficiency in 

organic matter, nitrogen and phosphate. The dominant soil taxonomic order has 

been recognized as tiie Inceptisols, v^ich cover the entire northem hitly tracts and 

show deficiency in phosphate and potassium. 

The drastic reduction of the natural forest, combined with the high annual rainfall 

exceeding 3000 mm in most part of the basin, makes the area highly vulnerable to 

soil erosion and landslides, reducing the soil fertility, choking the streams and 

leading them to change their courses. Thus, it can be concluded, that the study 

area, which is geologically highly vulnerable, and experiences very high 

precipitation coupled with heedless deforesteition and unscientific changes in the 

land-use pattern, poses a threat to both the lives and properties of the local 

inhabitants. 
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CHAPTER 2 

GEOMORPHOLOGY OF THE BASIN 

2.1 Introduction 

Drainage basin is the most convenient unit for the study of environmental 

problems and its management These basins form the natural backdrop for hill 

slope processes and river diannel behavior, within which, most fluvio-

geomorphological processes operate. The drainage network and the basin 

morphology are measures of fluvial processes operating in the basin. It has been 

established that river flows are related to the topographic and climatic 

characteristics of a drainage basin, which in turn control the amount, time and 

space distribution of the sti^am flow. The sti^eam-flow reflect the precipitation 

variations and surface and sub-surface characteristics. To make a geomorphic 

study, it is thus necessary to obtain quantitative expressions of landform 

characteristics and then to develop quantitative relations between geomorphic and 

hydrological variables. 

2.2. Slope 

'Slope' may be defined as 'an angular inclination between different elevations and 

the slope gradient defines the stage of development of a landscape'. Terrain 

morphology is characterized by slope conditions, which are govemed by a number 

of factors - climatic, geologic and tectonic. There is a close relationship between 

slope conditions and morphometric ath îbutes of terrain viz. absolute relief, relative 

relief, dissection index and drainage density. An attempt has been made here to 

analyze the slope morphology of the Balason basin (figure 2.1). 

The Balason basin displays a spectacular association of different slope and its 

inclination. The slope morphology map is thus, prepared based on topographical 

maps (figure 2.1). The major break of slope is identified along ttie southern margin 

which separates the stijdy area into two broad segments : nortiiern hilly area and 

the southern undulating tenrain. Both convexity and concavity in slope form are 
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found everywhere in the northern hilly section. However, concavity is more 

pronounced along the mid-slope due to massive mass movements. 

Slope inclination is measured from the topographical map along with the field 

verification. Based on slope angle, the following slope class have been proposed: 

Class I. Very steep slc^ie zone (>30°) lies in a small wedge right across tiie 

center of the region around Phuguri and Gayabari and extending in a narrow strip 

away from Makait>ari towards the eastem periphery. A small section in the north 

around Milling and Rungmook also exhibits steep slopes of >30°. 

Class n. Steep slope zone (20° - 30°) is found to be the most widespread zone 

in tiie study area with a very large section in the nortii having slope between 20° 

to 30°. Steep slopes are noticed in Gopaldhara, Pubong, Tukvar, Kalej Valley, 

Margaret's Hope and Phulbari tea gardens. Slope inclination range between 20° 

to 30° also in tiie north western section of the region, extending from Pubong, 

Selimbong, Seyok, Nagri, Nagri Farm, Simripani, Dilaram, Rington, Soureni and 

Phuguri to tiie west. 

Class i n . Moderate slope zone (10° -20°) is found in a broad undulating 

wedge towards the north and northwest around Thurbo, Nagri ferm, Nagri and 

Dhajia. A narrow sti'ip occurs across the centi^l portion of the study area below 

Panihatta and in and around tfie ridges i.e. Mahaldiram, Lepchajagat, Ghoom -

Simana etc. 

Qass IV. Moderate to gentle slope zcme (below 10°) are found around Mirik 

dome, Lepchajagat, Longview tea estate, Panighatta, Marionbari, Phulbari and 

Khaprail area. 

Thus, from tiie above analysis it can be seen that most of the nortiiern part of the 

study area is characterized by steep -io moderately steep slopes, which is an 

indicator of youthful stage, where the moderately active erosional processes have 

not yet been able to turn the steep slope into gentie categories. 
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2.3. Relative Relief 

Relative relief represents the difference in elevation between the highest and 

lowest points falling within a unit area. It is also termed as 'local relief or 

'amplitude of relief (Hammond, 1958). Relative relief is closely associated with 

slope and is more expressive and useful in understanding the morphogenesis. 

The relative relief of the Balason basin has been prepared, based on one sq. km. 

grid, from the relevant topographical maps of the Survey of India (1:50,000). The 

relative relief map of tfie Balason basin (figure 2.2) broadly divides the study area 

into two zones: i) high relative relief and ii) moderate to low relative relief. For a 

better understanding of the spatial distribution of different relative relief zone, the 

following classes have been identified: 

Class I. Very high relative relief zone (> 500 metres) is found in very 

isolated patches towards the western, eastern, northern sections and central 

section of the study area around Ambootia. 

Class n. IBgh relative relief zone (400 - 500 metres) is concentrated in the 

entire northern section and the north eastern section. 

Class in. Moderately high relative relief zone (300 - 400 metres) is 
predominant in the central region running in a broad belt from west to east in the 

north western of the study area . 

Class IV. Moderate relative relief zcme (200-300 metres) runs parallel to 

Class ill towards the south, in a narrow starip mostiy around tiie foothill zones. 

Class V. Moderately Low relative relief zone ( 100-200 metres) runs 

parallel to the Class IV zone in a narrow strip running from west to east 

Class V I . Low relative relief zone ( < I00 metres) engulfs the entire southern 

section. 
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Thus, It can be seen that the northern half of the study area is covered by high to 

moderately high relative relief. Hills with high altitudes and steep slopes are 

responsible for the development of this particular pattern of relative relief found. 

Structural disturbances and selective weathering in the normal course of the 

sculpturing processes, particularly along the boundary zones of different 

geological formation have played a decisive role in the attainment of such 

variation, in the amplitude of relief. The high amplitude of relief over the hill portt'on 

explains ttie possibility of high, degree of valley-side slope along the river course, 

which indicates that the rivers are associated with high intensity of erosion in the 

hilly area. Thus, it can be said that the landform of the hilly region of the basin is in 

the youthful stage in its erosional processes. 

2.4 Dissection Index 

The dissection index is a ratio between relative relief and absolute relief, and it 

gives a better understanding of the landscape. Dov Nir (1957) states, 'as a 

criterion of relative energy, the concept of relative height is not entirely 

satisfactory. Equal relative heights are not always of equal importance since their 

absolute altitudes may vary. The picture gained from relative attitudes only is 

static, t>ecause it fails to take into account the vertical distance from the erosion 

base i.e. the dynamic potential of the area studied'. Thus, relief, in terms of the 

ratio between absolute relief and relative relief can be obtained by the following 

method of dissection index: 

Relative Relief (RR) 
Dissection Index (Dl) = 2.1 

Absolute Relief (AR) 

From the calculated values, the following six dissection categories have been 

identified (figure 2.3): 

Class L Very high dissectimi index (>0.5) fomns isolated peaks in the central 

part of the study area around Marma and Balason. 
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Class n. High dissection index (0.4 - 0.5) is found in small isolated patches 

encircling very high dissection zone in the central eastern part of the basin 

around Tilndharia, above Makaibari and above Manjwa. 

Class m. Moderately high dissection index (0.3 - 0.4) is found in the 

extreme eastern section of the central region around Makaibari. Towards the 

northwest a smaller in-egular patch is found extending from Manjwa eastward 

towards Amfc)ootia and in smaller pockete in the north around Nagri, Thurbo, 

Selimbong and Turzum and around Dooteriah and Cedars. 

Class IV. Moderate dissection index (0.2-0.3) is found as a broad wedge in 

the central, north western and north eastern section of the study area extending 

from Gayabari and ending just short of Kalej Valley, and Tumsong in the north. A 

broader area in this class is found encompassing Seyok, Phulbari and winding 

down to Karsiyang, Singubuli and extending upto Panighatta. 

Class V. Low dissection index (0.1 -0.2) lies north of moderate dissection 

index zone below Longview in a narrow strip running west to east, from south of 

Panighatte to Simuibari. 

Class VI . Very low dissection index (< 0.1) occurs in a tepering wedge south 

of Panighatte and Simuibari across Khapraii and towards Matigara and further 

soutii. 

The dissection index map of Balason basin (Fig.2.3) reveals high dissection ratio 

in ttie northem parts, due to varied nature of slope, relative relief, vegetation 

growth and distribution of rainfall which exhibits relatively youthful stege in 

moqahological evolution. Low dissection index over the lower southem part of tiie 

basin shows lack of sti^lctu^al differences as well as instekMlity over the terrain and 

conforms with the low categories of other morphometric attributes. 

2.5. Drainage Density 
Drainage density is defined as the total length of stream segments per unit area. 
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It is a function of the intensity of run off, erosion, relief, density and absolute 

viscosity of the fluid. Drainage density is given by the quotient of the cumulative 

length (El) of the stream and total drainage area (Ad). 

EI 
Drainage Density = — 2.2 

Ad 

Drainage density has been calculated In one square grid and isopieths have been 

drawn with different values (figure 2.4) The following drainage density zones are 

identified in the Baiason basin: 

Class I. Very h i ^ density (> 6 km/km^) are found in two isolated pockets, 

in the northern and cenfral portion of the study area. The northern pocket forms an 

arching loop, just south of Dooteriah; while the second pocket lies between Nagri 

Farm and Marma. 

Class n. High density ( 5-6 k m A i t f ) sun^ounds the Class I zone in a broad 

belt, and are also found in isolated patches around Margaret's Hope and 

Castleton. 

Class m. Moderately high density ( 4-5 km/km^) extends in a nanrow strip, 

almost throughout the entire hilly section of the study area. This class seems to 

predominate over the central portion, extending from just south of Tumsong in the 

north, running through Nagri, Karsiyang and Ambootia and ending just above 

Makaibari. Isolated patches are also found in tiie western side near Seeyok and 

Singbulli and further south in the foothill zones around Pankhabari, Longview and 

Simulbarie. 

Class IV. Moderate density (3-4 km/km^) completely surrounds tiie tiiree 

previous zones, right from the higher reaches of the hilly section, to tiie undulating 

foothills. 

Class V. Low density (2-3 km/km^) is found in a very narrow sfrip fringing the 

boundary of the study area in a wide arch, starting from the west of Singbulli, and 
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extending northwards through Mirik, passing through Tumsong in the extreme 

north of the basin and running southwards through the eastern periphery from 

Sonada to Selim Hill. A bigger triangular wedge is seen in the undulating plain, 

between Longview, Panighatta and Marionbarie. 

Class VI . Very low density (< 2 lan/kxn^) is restricted, essentially, to the 

southern extremity of the basin which is the zone of the southern alluvial fan. 

However very narrow isolated patches are also found in the western, northern and 

eastem section of the study area. 

The drainage density map of the study area shows a higher degree of consistency 

with the spread of other morphometric attributes and reflects the nature of 

variation in relief, soil, rock, vegetation etc. along with the changes of infiltration 

rate of different segments. It is concemed mainly with the alignment and 

frequency of streams. Lower values of drainage density are also found along the 

ridges of the Balason basin. 

2.6. The Major Geom(»rphic Units 

The Balason basin of the Darjeeling Himalaya exhibits a wide variety of 

geomorphic fomris and indeed a complex geomorphic area. Among the processes, 

the fluvial is of paramount importence although, slope wash, mass movement 

along with the continual high degree of weathering process are found to be 

responsible for the evolution of fascinating assemblage of landfomns. Extreme 

events including extreme flood also modified and produce a great variety of 

geomorphic forms. Geomorphology of the Balason basin may broadly be sub­

divided into the following 3 major units (figure 1.2). 

2.6.1. Tlie Southern Alluvial Fan: 

Gently undulating plains lie on the south of the basin, where the Balason river and 

its tributaries have deposited huge amounts of eroded materials that are 

transported from upstream. The sudden decrease in velocity as the river enters 
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the flat lands results in an increase in deposition. Thus, the sudden fall in slope 

results in the development of a series of alluvial fans that occur mainly between 

120 m to 400 m covering about 97.53 sq. km. approximately, over the entire 

alluvial plain area of the present basin of study. A piedmont zone is formed when 

the alluvial fans coalesce (photo 2.1). This piedmont zone exhibits some textural 

diversities and dilferent sediment patterns. These alluvial fans fall on the right 

bank of the river Tista, the main river system of the region. 

2.6.2, The Foothills / Piedmonts: 

Immediately above the gently undulating plains lies the dissected foothill 

topography. A higher dissection is noted in this region, in comparison to the 

plains, which is chiefly associated with the active exogenetic process and 

geological disturbances which have extended upto the sheared, thrusted and 

folded transition zone of tiie Oamuda series. A series of ridge and valley forms 

characterize the landform of the foothill areas. These features are the result of 

fluvial process and slope acting on the litho-techno sti\icbjre of the Darjeeling 

Himalaya. The region is associated with the Siwalik-Damuda sandstone and shale 

with occasional coal bearing seams of the Permo-Carboniferous periods, distinct 

thrusts have been depicted between the Siwalik-Damuda and Damuda-Oaling 

series contacts and tiie resultant sheared, crushed and folded litho-techno set-up 

prevails over the area. The occurrence of the sandstone and shale in the area 

facilitates a greater degree of incision giving rise to prominent valley side slopes 

and ridges. This geomorphic unit is characterized by steep mass wasted slopes, 

eroded fault scarps etc. which can be considered to be related to the 

manifestations of the regional episodic uplifts (Kar, 1962; Nakata, 1972). Thus, 

this geomorphic unit exhibits highly dissected land surface confined between 400 

to 800 metre elevation. 

2.6.3. The Rugged middle and upper hill tract: 

A rugged zone, which however, is comparatively less dissected than the foothills, 

characterizes the middle and upper hill tiracts. These hill tracts are composed of 
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Photo 2.1 The foothills overlooking the coalescing alluvial fans 

Photo 2.2 The rugged upper catchment 



the harder rocks of tiie Daling series and of Darjeeling gneiss with comparatively 

low amplitude of relief (photo 2.2). This zone is clearly separated from the foothills 

by a distinct break of slope at 800 metres. This zone is characterized by 

comparative lesser steep valley-side slopes and widely spaced ridges, since tiie 

Daling series and the Darjeeling gneisses of the area exert better resistance to the 

drainage incision. Moreover, tiie episodic uplifts that have been so effective in tine 

foothills have exerted littie influence on these harder rocks of the Archean period. 

Hence, geological deformities have been much restricted in this region, where 

relatively low amplitude of relief and dissection prevail. 

2.7. Major Geomoipliic Fonns 

The Baiason basin in the Darjeeling Himalaya exhibits a unique assemblage of 

multifaceted landform. Numerous geomorphic processes produce these 

landforms. An attempt has been made to map the great variety of landfomis 

(figure 2.5) found in the Baiason basin. The geomorphological map provides 

information, which is relevant to management needs. The geomorphological map 

thus produced also includes information about the nature and location of features 

fomied by denudation, fiuvial action as well as those features created by slope 

wash. The map is prepared based on intensive field survey and topographical 

maps (1:50,000 and 1:25,000) using conventional symbols (Demek, 1972). 

2.7.1. Landforms created by destructive action of denudation agents: 

• Denuded outliers are found on the ridge tops of Mahaldiram range, Mirik 

dome, and Selim hills. These are generally, erosional remnante of the 

Lesser Himalayan ranges. 

• I>onie like summits are common along the Mechi-Balason interfluves. 

Mirik dome is tiie most significant example of such landform 

• Broad ridges consist of major ridges like Simana (2355m), Mahaldiram 

(2061 m), Giddapahar (1803m), Manjha (970 m) and Selim Hills (540 m). 
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• Trough like valleys are found along the right bank tributaries to Balason 

(Marma, Manjwa, Oudhia, Rangt>ang} and left bank tributaries of Balason 

(Rinchingtong, Rakti, Rohini, Rungsung, Pacchim, Rangmuk, Bhim Khola). 

• Wide valleys are found along the extreme southern part of the study 

area, Here, broad valley with ten-aces have also been identified which is 

perhaps the product of massive aggradata'ons due to major landslide in and 

around Ambootia (Sterkel et al, 2000). 

• Landslide scar is the most common form of micro-landform produced by 

the destructive processes. Landslide scars are very common along the 

Pankhabari-Mirik area. However, the biggest landslide has t}een found 

near the Ambootia tea garden, which is the biggest active landslide within 

the study area. 

2.7.2. Landfĉ 'ms created by the ccmstructive action of denuding 
factors: 

• Landslide tongues are found mostiy in association with landslide scars. 

The detached materials move down slope and are deposited at the break 

of slope. Such deposition looks like tongue of a landslide. 

• Debris fans formed by paleo catastrophic evente i.e. mass wasting are 

found in two distinctive separate zones: along the foothills and lower slopes 

i.e. near Bamanpokhri-Pankhabari area and the upper part of the hill slopes 

i.e. Bunkulung, Ambootia Tea Garden, Nagri farm, Pubong, Phuguri-Mirik 

area. Such landfomis are the product of slope wash and extiibit moderate 

slope (4° - 6 ") surrounded by steeper slopes (>15 °) . An case study of the 

Bunkulung debris fan is presented in the following section. 

2.7.3. Landfomis of fluvial origin (Destructive): 

• Edges of erosicmal undercuOing are the landfomns of very recent 
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origin and mostly found along the southern margin of the study area i.e. 

piedmont slopes and in the Balason alluvial fan. The Balason, Rohini and 

Rakti rivers are found noteworthy for such undercutting which varies form 6 

meters to 50 meters in height. Such undercutting may be treated as an 

indication of post-pleistocene uplifbnent i.e. Neo-tectonic activities (Nakata, 

1972). 

• Gorge l ike features are very common along tiie valleys of tiie Balason 

and its tributaries along tfie hilly section of the study area. However, it is 

more common in the valleys of Marma Khola, Rinchintong, Rangbang 

Khola, Pacchim Khola, etc. 

• Deep V-shaped valleys are found in the nortiiern hilly part of tiie study 

area. Such valleys are identified in Rinchintong Khola near Singell tea 

garden and near Balason Pacchim confluence. 

2.7.4. Landforms of fluvial origiii (Constructive): 

• River accumulative landforms are mostiy found along the valleys of the 

Balason in the southern part of tiie study area. The river borne sediments 

are deposited in the area as a typical undulating landscape. 

• Al luvial fan plains are perhaps the most typical landforms found along 

tiie piedmont plains. Alluvial fans are very well developed and well 

preserved in these areas, and are identified in between Balason and Tiste 

rivers (Basu & Sarkar, 1990). 

• River terraces are not very well developed in the study area. They are 

identified along the foothills in between Balason and Mahanadi rivers. 

2.7.5. Anthropogenic landforms: 

• Cut slope is common all over the hilly terrain of the study area, 

particulariy along the roads and railway lines. Such cut slopes are often 
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found to be prone to slope instability. 

• Cuts of Quarry are common mostly around the towns like Karsiyang and 

Mirik from where the building materials and stones were collected for 

construction. 

• Leveling of slopes is very common in most towns and tea gardens. 

• Cut and f i l l for urban use along hillslope is perhaps the commonest of 

anthropogenic landfomri. Most land-use in hilly terrain needs cut of upper 

hill. 

2.8. Case Study of Bunkulung E)ebris Fan 

The steep slopes of the Balason basin, Darjeeling Himalaya, with considerable 

and uneven gradients are particularly sensitive to precipitation of a catastrophic 

type. Records since 1850 reveals 3 such major events (1899, 1950 and 1968) 

caused considerable change in topographic form on hill slopes and valley bottoms 

(Starkel, 1972). 

Such exfreme rainfall events normally induced massive mass movements 

(landslides as it happened in 1968 when the gigantic Ambootia landslide initiated. 

In tiie valley bottoms incision and lateral erosion lead to the removal of masses of 

the order of several hundred thousand m^ per sq km of the course of a river. 

Accumulation of landslide debris at the base of slopes is also common and 

thereby, forming a ̂ n likes landform. 

Such catastrophic evente are also found to have occurred during the recent 

geologic past i.e. the Holocene. There exist numerous evidences of such paleo 

events in the Balason basin. However, the investigator has selected the 

Bungkulung debris ten for deteil analysis (figure 2.6). 

The Bungkulung debris ten has been kJentified at tiie Bungkulung DGHC Rest 

House near the river Balason at an elevation from 450 meter to 650 meter a.s.l. 
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and to the west of the river Marma Khoia, covering an area of 400 hectares. The 

average thickness of debris deposits has been estimated to be 45 metre 

(maximum 81 metre near Balason valley and minimum of 3 metre near the apex 

of the fan). 

2.8.1. Genesis and nun-phology of the Bunkulung debris fan 

Incessant high intensity rain induced gigantic landslides in the upper Mamna 

catchment along with many other parts of the lower Darjeeling - Sikkim Himalayas 

during the beginning of Holocene (Sarkar, 2000). Such paieo-scars are still cleariy 

visible in many areas (photo 2.3). The huge amount of slided materials (debris) 

amounting to over 20 billion m^ (conservative estimated based on present 

deposition), deposited along the lower Mamna valley i.e. Marma-Balason 

confluence and infact chocked the river Balason temporarily. Recent incision of 

the Balason valley into the bedrocks of the opposite site proves such contention. 

The Bungkulung debris fan is a triangular shaped deposit with the maximum basal 

width of about 3250 metre and the maximum length of 3750 metre. The thickness 

of the deposits varies from 81 metres near the Balason valley to only 3 metres to 

the apex (figure. 2.7). Generally, the lower fen segments have greater depth. 

Along the eastem margin of the deposit, the river Balason cut deep gorge with an 

altitude varying from 70 to 90 metres, with very steep slope scar (45°-50°). The 

gradient of tiie Marma valley, near its confluence witii the Balason suddenly 

increased from 15 to 30 %. Valley head segments dissecting slopes with a 

gradient of 20°-30'', constitute furrows in which material of all size were 

transported. Headcuts witii waterfells formed on hard fc)ed rocks (often 5 - 1 0 

meti-e high). At the outiet valley fen was not formed, since the removed mass 

often eroded and was tiransported away by the water of the river Balason. 

The Bungkulung fen is composed of materials of different size from gigantic 

gneissic boulders (7 metises diameter) to fine sand fragments (photo 2.4 & 2.5). An 

assessment of debris size was made by the investigator during field survey. A 

good number of large gneissic boulders of over 4 meter diameter are found to 
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Photo 2.3 The Bungkulung debris fan : note the Palaeo scars 

Photo 2.4 Gigantic gneissic boulders on the lower Bungkulung debris fan 

Photo 2.5 Gigantic gneissic boulders on the lower Bungkulung debris fan 



occur on the fan. However, a visible concentratkHi of large boukiers are notk:ed in 
the upper segments of the fan and atong the channel of former waterways. 
Sam|:^e surv^ conducted at 3 different sites reveals some interesting features 
regarding the grain size composition of the fan deposits and are shown in the 
following table (tat>le 2.1). 

Table 2.1 

Grain-size compositicm of the ftinkuhing fan deposits. 

Ocojnence in 
Grain size in metre 

Above 1 

0 . 5 - 1 

0.1-0.5 

0.01-0.1 

0.001-0.01 

Below 0.001 

Upper fan 
segments 

15.3 

19.7 

28.0 

18.4 

10.1 

8.5 

percental to ttie toteil 
Middle fan 

segn^nts 
10.4 

23.1 

25.6 

19.2 

8.1 

13.6 

Lower fan 
segm^Yts 

4.3 

9.4 

15.9 

30.7 

21.6 

18.1 

Mean 

10 

17.4 

23.2 

22.7 

13.3 

13.4 

It is ttius revealed that the Bungkulung debris fan is composed of materials having 
all size. However, there found a definite concentration of material having diameter 
between 1 to 50 centimeters. The materials are also foutid very poorly sorted 
throughout the fan deposit. This conclusively proves that the Bungkulung fan 
materials are the product of a gigantic paieo mass movement. 

Geomorphic forms of the Bungkulung debris fan have been depicted in the figure 

2.8 which reveals that the slope of the upper fan segment is between 4° - 5°, in 

the middle fan segment the slope has been estimated in between 3° to 4° and that 

of the lower segment has t>een in t>etween 2° to 3°. Thus, a gradual decreasing of 

slope gradient is noticeable from the upper to k>wer fan segment. Approaching to 

the Balason valley, the fan deposite form an impressive scarpment of 40° to 50° 

slope caused by the toe ert^ion of the river Balason. Minor indsion of 1 to 2 meter 

by the Bungkulung jhora has also been noticed akxig the western margin of the 

deposits. The fan area is s^>areted from tite surrounding hills by a distinct break 
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of slope, (figure 2.9) b^ond which the slope varies in between 11° - 23° towards 

the southern side and between 16° - 28° towards the west northern side. 

Excavation for the construction of development work in the area helps the 

investigator to reconstruct longitudinal and transverse profiles of the deposits 

(figure 2.9). The figures 2.7 & 2.8 depict the thickness of the debris fan deposit 

which varies from 80 to 3 metre. The deposits are found thidcer both near Balason 

and Marma valley and is found to be thinning out towards the apex and the break 

of stope towards both the sides. 

The Balason catchment of Vine Daijeeling Himalaya is one of the most heavily 

degraded on a global scale. The phenomenal rate of soil erosk>n and mass 

movements in conjunction with the defbrestatk>n and land-use transformation has 

already been noticed and reported in this report. In tliis backdrop of the 

catastrc^ic events i.e. larige scale mass movements folloM^d by very high 

intensity rainstorms as it was reported in 1899,1950 and 1968, often transformed 

the topographic fomn as well as the slope pattern of hill slope and valley. 

Catastrophic lowering of hill slopes often takes piac» at the expenses of huge 

aggradation along the hill margin and break of slope area. Catastrophic process 

producing contacts and disturbing the equilibrium of forms are the motive power of 

transformation of the relief. 

2.9. Concluaon 

From the above analysis it can be concluded that the Balason basin can be 

geormophologically classified into two broad zones: while the northern hilly part 

forms the erosionai zone the lower southern peidmont zone constitutes the 

accumulative form. Each of these zones may be ftirther sub-divided. Whilst the 

Northern erosion zone can be subdivided into the ridge, upper hills and the lower 

hills; the southern accumulative zone can be sub-divided into the alluvial fan and 

the deluvial plains. The most Important geomorphic process that is operative upon 

the area of study is fiuvial, but denudational slope wash and mass movement too, 

have an important role in the overall shaping of the lower regions. A number of 
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geomorphic forms were identified in the area of study chief amongst which were: 

denudation outlier, dome like summit broad ridge, landslide scars, landslide 

tongue, deluvial and solifuxion plains, erosional cuttings, trough like valleys, 

gorge, river accumulation, alluvial fen, river terrace etc. The convex form of the 

ridges, along with the gentier slopes towards the upper segments being steeper 

towards the foot, show thattfie region is still young and active. Active down cutting 

is evident in a number of places along the Balason valley. The numerous 

geomorphic forms that occur in the study area have also definite relevance to 

tectonic disturt)ances and neo-tectonic activities. 
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CHAPTERS 

MORPHOMETRIC ANALYSIS OF THE RALASON BASIN 

3.1. fntroduction 

The drainage basin is the most convenient unit for the study of both 

geomorphology and hydrology. The drainage network and composition denotes 

the inter-connection of the system of drainage net and the quantitative 

morphology of a basin through the process of stream ordering and its relation with 

stream number, stream length, area and relief (Norton, 1945; Chorley, 1957, 

1969: Melton, 1958; Coat^, 1958, Sarkar, 1997). The study of such various 

properti^ of drainage network composition for the Balason basin under study has 

been carried out with the help of Ihe measured and calculated values of the 

aforesaid variables (table 3.2). 

As the geomorphologic set up of the Balason basin offers a great scope to study 

the role of geomorphology in environmental management, an attempt has been 

made in this chapter, to visualize the extent of variations in landform contrast and 

tfieir magnitude, along with their relevant processes, in proper perspective, by 

adopting contemporary quantitative and statistical techniques. 

3.2. Morphometric analysis of llie sub-basins 

The morphometric properties and variables were calculated from the Survey of 

India Topographical sheet Nos. 78%, 78% 78%, 78% and 78% at a scale of 

1:50,000. The symbols that have been used for this account are listed in table 3.1. 

The morphometiric variables are obtained from 55 tiiird order basin of tiie Balason 

river (figure 3.1). These tiiird order basins have a wide range of characteristics. 

These include varying amount of summit surfaces, rock types, climate, vegetation 

along witii level of human interferences. It is more likely that the relationship, 

which becomes apparent through numerical analysis result from forces goveming 

the development of drainage basin in general. 
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Table 3.1. 

Morphometric variables, their dimensions and symbols 
used in the study 

Variables 

Drainage network: 

Stream order (used as sub-script) 

Number of streams of order // 

Total number of streams witt̂  basin order ft 

Total length of streams of order // 

Bifurcation ratio 

Stream length ratio 

Basin geometry; 

Area of basin order / / 

Length of basin order// 

Width of basin order;/ 

Basin perimeter of order // 

Basin circularity 

Basin elongation 

Measures of Intensity of dissection 

Basin density 

Constant of channel maintenance 

Stream frBquenc^ 

Texture ratio 

Measures involving heights 

Height of basin mouth 

Height of highest point of basin 

Total basin relief 

Relief ratio 

Ruggedness number 

Symbols 

/^ 

N// 

(mti 

(2L)n 

Rh = Nti/Npt-1 

LM 

Aju 

Lbfi 

Br/u 

PfX 

Re 

Re 

Dfi =(L)u/A 

C=1/Dn 

F =Nfi /AJU 

T = Nfi /Pfi 

Z 

Z 

H = Z-z 

Rh = HAJ3 

Rn = D*H/1000 

Unit 

Enumerative 

Km 

Square km 

Km 

Km 

Km 

Km 

Km 

Km/Sq. Km 

Km 

No^q.km 

No sq. km 

Meter 

Meter 

Meter 

Dimensions 

O 

O 

L 

L 

L̂  

L 

L 

L 

O 

O 

L 

L-̂  

L-' 

L 

L 

L 

O 

0 

3.2.1. Descrq>tive statement of the mosphcHnetric prcqierties: 
Descriptive statistics can be applied to morphometric data in order to summarize 

the data collected and from this summary it is possible to define the morphometric 

characteristics of the basin under study. 
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3.2.2. Measures of central tendency: 

In the present study, the area of the third order basins (A3), number of streams 

(SNa), length of the streams (EL)3, drainage density (D)3, stream frequency (F3), 

and basin perimeter (P3), have been summarized by a frequency distribution table 

(table 3.3). Here, the range of values observed is sub-divided into classes and 

the number of observations in each dass is recorded. The infomiation of the 

frequency distribution table have been shown diagrammetrically in figure 3.2. Not 

only does table 3.3 provide the summary of the data it also allows certain 

probability of statement to be made. For example, as far as the values of A3 are 

concerned the r.c.f. (relative cumulative frequency) column shows that 43.64% of 

the basins have areas upto 2 sq. km., while the relative frequency in proportion 

values (r.f.p.) can be divided by 100 in each case to allow a probability statement 

to be made. Thus, there is a 0.327 probability that a third order basin chosen at 

random from the area of study will have an area of 2.4 sq. km . 

Regarding the length of the streams of the study area, 58.18% of the basin have 

stream length between 5 to 10 km. The class 5-10 has the largest probability of 

0.436. 64.45% of the basin has number of streams, which lie within the class 8 -

16, which also shows the highest probability of 0.636. 

Table 3.3 

Frequency, cumulative frequency, relative cumulative frequency and 
relative frequency in prop<»'tion of different morphometric variables 

Class boundary 
(A3) 

0-2 

2-4 

4-6 

6-8 

8-10 

10-12 

12-14 

Frequency 

24 

18 

6 

3 

1 

2 

1 

Cunnuiative 
frequency 

24 

42 

48 

51 

52 

54 

55 

Relative cumulative frequency 
(%) 

43.64 

76.37 

87.27 

92.73 

94.55 

98.18 

100.00 

Relative frequency proportion 
(%) 

43.64 

32.73 

10.91 

5.45 

1.82 

3.64 

1.82 

(As): Area of third order basins in sq. km.. 
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Class 
boundary 

(a.) 3 

0-5 

5-10 

10-15 

15-20 

20-25 

25-30 

30-35 

35-40 

40-46 

Frequawy 

8 

24 

9 

7 

3 

1 

1 

1 

1 

Cumulative 
frequency 

8 

32 

41 

48 

51 

52 

53 

54 

55 

Relative cumulative frequency 
(%) 

14.55 

58.18 

74.55 

87.27 

92.73 

96.37 

98.18 

98.18 

100 

Relative frequency proportion 

14.55 

43.64 

16.36 

12.73 

5.45 

1.82 

1.82 

1.82 

1.82 

(LL) 3 Total length of streams of third order basins (km) 

Class 
boundary 

(SN)3 
0-8 

8-16 

16-24 

24-32 

32-40 

40-48 

48-56 

Frequency 

1 

35 

9 

4 

3 

2 

1 

Cumulative 
frequency 

1 

36 

45 

49 

52 

54 

55 

Relative cumulative frequency 
(%) 
1.82 

64.45 

81.82 

89.09 

94.55 

98.18 

100.00 

Relative frequency proportion 
(%) 
1.82 

63.64 

16.37 

7.27 

5.45 

3.64 

1.82 

(SN) 3 Total number of streams of the third order basins 

Class 
boundary 

03 

2.5-3.0 

3.0-3.5 

3.5-4.0 

4.0-4.5 

4.5-5.0 

5.0-5.5 

5.5-6.0 

6.0-6.5 

Frequency 

7 

16 

10 

11 

3 

3 

4 

1 

Cumulative 
frequency 

7 

23 

33 

44 

47 

50 

54 

55 

Relative cumulative frequency 
(%) 

12.73 

41.82 

60.00 

80.00 

85.45 

90.91 

98.18 

100.00 

Relative frequency proportion 
(%) 

12.73 

29.09 

18.18 

20.00 

5.45 

5.45 

7.27 

1.82 
O3 Drainage density of the third order basins in km / km'' 
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Class 
boundary 

F3 

3-4 

4-5 

5-6 

6-7 

7-8 

8-9 

9-10 

10-11 

11-12 

12-13 

Frequency 

8 

12 

11 

7 

3 

6 

4 

1 

1 

2 

Cumulative 
frequency 

8 

20 

31 

38 

41 

47 

51 

52 

53 

55 

Relative cumulative frequency 
(%) 

14.55 

36.36 

56.56 

69.09 

74.55 

85.45 

92.75 

94.55 

96.36 

100.00 

Relative frequency proportion 
(%) 

14.55 

21.82 

20.00 

12.73 

5.45 

10.90 

7.27 

1.82 

1.82 

3.64 

F3 Drainage frequency of the third order basins 

Class boundary 
P3 

2-5 

5-8 

8-11 

11-14 

14-17 

17-20 

Frequency 

6 

30 

10 

5 

2 

2 

Cumulative 
frequency 

6 

36 

46 

51 

53 

55 

Relative cumulative frequency 
(%) 

10.91 

65.45 

83.64 

92.73 

96.36 

100.00 

Relative frequency proportion 
(%) 

10.91 

54.55 

18.18 

9.09 

3.64 

3.64 

P3 Perimeter of the third order basin in km. 

Drainage density, within the third order basins ranges within 2.5 - 6.5 with more 

than 60% of the values lying between 2.5 to 4.0 range. The maximum probability 

of 0.291 has been found between 3.0 to 3.5 km / km^ group. Regarding the 

drainage frequency, it is interesting to note that 56.56% lie between 5-6 and only 

3.94% lie between 12-13. The maximum probability of 0.218 lies between the 

classes 4-5. Distribution of perimeter of the third order basin are also interesting 

since, 65.45% of the values lies between 5-8 and have the highest probability of 

0.546. The class 17-20 has only 3.64% of the basins and has the lowest 

probability of 0.036. (table 3.3.) 

The various measures of central tendency and dispersion have been represented 

in tabular form in the table 3.4. There are three measures of central tendency: 
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FREQUENCY DISTRIBUTION CURVES FOR VARIOUS BASIN 
MORPHOMETRIC PROPERTIES OF THE THIRD ORDER 

5 7 
Sq. kms. 

2L3 

0 2.5 7.5 12.5 17.5 22.5 27.5 32.5 37.5 42.5 
Kms. 

SNa 

20 28 36 
Number 

D3 

0 2.75 3.25 3.75 4.25 4.75 5.25 5.75 6.25 
Km / sq. km 

0 3.5 4.5 6.5 6.5 7.5 8.5 9.5 10.5 11.5 12.5 
Number / sq. km 

0 3.5 6,5 9.5 12.5 15.5 18.5 
Kms. 

Figure 3.2, 



mean, median and mode. The spread of the data has been defined by measuring 

their dispersion i.e. standard deviation has been represented in table 3.4. 

Table 3.4 

Measures of central tendency and dispersion* 

SI. No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Vari^ies 
A, 

(2N)3 
Ni 
Nz 

(a.) 3 
L, 

u 
u 

U>3 
Brj 
Rbi 
Rbj 
Da 
F3 
P» 

Res 
Rca 
Rhs 
Rn3 
H3 
C3 
T3 

Mean 
3.172 

16.545 
1Z509 
3.306 

11.274 
7.619 
1.998 
1.M0 
2.975 
1.570 
0.899 
0.728 
3.651 
6.217 
7.852 
0.869 
0.579 

296.287 
3.136 

806.327 
0.271 
2.040 

Range 
11.96 
48.00 
41.00 
7.00 

38.10 
24.50 
6.74 
8.95 
7.20 
3.35 
0.18 
0.23 
3.45 
9.43 

16.50 
0.65 
0.66 

680.50 
9.52 

1638.00 
0.20 
2.79 

Standard deyriation 
2.683 

10.749 
9.327 
1.5S1 
8.417 
5.770 
1.648 
1.494 
1.451 
0.650 
0.046 
0.071 
0.861 
2.198 
3.504 
0.133 
0.152 

121.230 
1.524 

3S.397 
0.054 
0.598 

Variance 
7.2S2 

115.549 
86.995 
2.406 

70.846 
33.288 
2.719 
2.233 
2.105 
0.422 
O.OCE 
0.005 
0.725 
4.830 

12.278 
0.018 
0.023 

14^7 .^6 
2.323 

10588a 34 
0.003 
0.358 

Coefficient of variation 
84.899 
64.968 
74.562 
46.945 
74.659 
75.7» 
82.533 
90.545 
48.773 
41.401 
5.117 
9.753 

22.098 
35.355 
44.6% 
15.305 
26.252 
40.916 
48.597 
40.355 
19.926 
23.314 

DtfB compiled frcoi CooQiuter sheets faanre been presetved bytiw investig^tcr 

3.2.1.2 NcH-mality of morphometric variables: 

To have an idea about the nature of distribution of the morphometric properties of 

the third order basins the author has tried to plot them on arithmetical probability 

paper (figure 3.3). However, in none of these variables (A3), (SL) 3, (SN)3, D3, F3 

and P3 do the date points lie on a straight tine. This shows, as does the skewed 

form of the histograms (figure 3.2), that the data are not normally distributed. 

Normalization has been attempted by plotting the relative cumulative frequency 

against the logarithm of the class mid-values (figure 3.2). In no case does the log 

normalization successfully produce a single straight line passing through the 

plotted points. In all cases, however, the points fall along more than one straight 

line. 

This is typical of those circumstances where the data being analyzed have been 

drawn from two or more different populations. Thus, in the case of basin area (A3), 

the break-point between the two straight lines occur at 4.5 sq. km. on both the 
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absolute and log-normalized data (figure 3.3). As far as (EL) 3 is concerned, the 

absolute data provide a simpler relationship between the scatter points tiian does 

the log transformation, suggesting that tiie stream numbers are nomnaliy 

distributed on eitiier side of the break-point value of 7.5. 

In case of (ZN)3 the absolute data provide a simpler relationship tiian does the log 

transformation, suggesting that the total number of streams are normally 

distiibuted on either side of the break point value of 12. Drainage density (D3) 

provides an almost identical graph whetiier the data are log tiransformed or not 

However, in ^tii«r case there is a distinct break point at a value of 3.5, the data 

relating to basin perimeter (P3} and drainage frequency (F3) are not normally 

distributed and in which log-normalization provide a simpler relationship. However, 

the break points betwveen the two straight lines occur at 6.5 for t>oth tiie perimeter 

and drainage frequency. 

3.2.1.3. Regional comparisons 

On tiie basis of the above studies it is possible to understand the regional 

disti-ibution of morphometilc variables. In the analysis of A3, most of tiie steep 

slope hilly sub-basins fall in tiie category that exceed tiie break point value of 4.5 

sq. km. (figure 3.4). This may be due to litiiological and vegetational differences, 

since the nortiiern hilly tract composed of more resistant gneiss and is generally 

covered under dense natural vegetation, \A^ich normally does not allow tiie 

formation of more first order stream and tfiereby have a larger basin area (A3). 

The case is quite different along tiie cential ti'act where the dominant rocks, tiie 

phyllites, schists, sandstones etc. are extensively cultivated leading to more gully 

erosion (first order sti-eams), leading to smaller area with a value of less tiian 4.5 

sq. km basin size. 

The regional distiibution of the length of streams (ZL)3 above and below the break 

point value of 7.5 km shows little in the way of regional concentration (figure 3.4). 

In all areas, irrespective of relief, slope, geological sta^ucture and natural 

vegetation, have botii these groups. It is impossible to select subjectively tiie 
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REGIONAL DISPERSION OF MORPHOMETRIC VARIABLES 
OF THIRD ORDER BASINS 
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detemnining factor behind this distribution, however, the relationships between the 

length of streams and other variables are considered in the following sections. 

The break-point for the total stream number (N)3 occurs at 12, which again shows 

little in the way of regional concentration (figure 3.4). However, it may have some 

sort of relation with the geological outcrops. 

The break point for D3 occurs at 3.5 km^m^. The regional concentration of D3 

population is mc»t striking, because the sub basins located along the central and 

northern tract have higher population category, while the sub-basins located along 

the north western and northem tract and the southem foothill have lower 

population category. This is due to lithological composition of the central tract, 

which is composed of highly erodible Damuda and Dalings rocks. These rocks are 

liable to vicious gully erosion and thereby, fonn more first order streams and thus 

higher drainage density value. 

The regional distribution of stream frequency (F3) in the two population groups, 

above and below 6.5 show more or less similar trend like the Ds.The break point 

for basin perimeters occur at 6.5 km. Most of the northem hilly and southem foot­

hill basins are within the higher population category and the central region is 

composed entirely of the members of the lower population groups. Both the F3 

and P3 are frequently dependent on the nature of the bedrock over which they 

have developed, and the combination of gneiss-schists-phyllite-sandstones within 

the basin is unique and the relatively high values of these variables within some 

third order basins may, indicate significant bedrock differences between these 

sub-basins. 

This discussion of the numerical properties of the 55 third order basins, indicate 

how a large amount of data can be reduced to manageable properties by the use 

of descriptive statistics. Six morphometric variables, namely the third order basin 

area (A3), the total length of streams within the third order basins (EL)3, the total 

nymber of third order streams within third order basins (EN)3, the drainage density 

of the third order basins (D3), stream frequency (F3) and the basin perimeters (P3) 

have been examined and illustrated (table 3.4.) Among the different controls of 
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morphometric parameters within the basin, the lithological, topographical and the 

vegetetional seem to be more prominent. However, a detail discussion along this 

line has to be carried out in the following sections. 

3.2.1.4. Correlatioii amcnig morphometric variables: 

The results of the correlation analysis between morphometric variables drawn 

firom 55 third order basins are presented in matrix form in teble 3.5. The 

comelation coefficients also been checked against the tabte of significance and an 

account of these has also been indk:ated in the correlatkMi coefficient matrix. The 

correlation matrix shov)« that tiiere exists high con-elation between the various 

morphometric variables of the basin area (A3), the stream length (Li, U, L3 and 

SLa) and the sti'eam numbers (Ni, N2, N3 and EN3). All these relationships bear 

logical explanations and are consistent with the view that the third order basin 

tend towards a stete of internal order and organization. 

The relationships between ttie density (D3), tiie relative relief (H3). the relief ratio 

(Rhs), texture ratio (T3) are of Interest in the analysis of the third order basins. 

There exists very good relationship among the parameters like fc>ifurcation ratio 

(Rbi, Rb2) perimeter {P3), length ratio (Lb3), kHeadtii ratio (Bra) within the study 

area. 

However, it has been found that there exist an inverse relation between D3 and H3 

as drainage density is greater where the basin relief is low. This may in itself be a 

reflection of rock types, such as steep slopes, high altitude regions with a greater 

Rhs, Rn3 and H3 composed of mcxe resistent rocks (granite and gneiss). 

Moreover, it has been noticed that ttie low hills with a nruxterate slope, composed 

of highly erodibie Daiings, Gondwana and Siwalik rocks, which ultimately gives 

the formation of a greater number of streams, as well as greater number of third 

order basin with a relatively small basin area. 
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Table 3.5 

Correlation matrix for 22 morphometric variables for the Balason 
third order basins. 

AaN 

IL3 

Li 

L2 

U 

L, 

L2 

IN3 

Ni 

N2 

D3 

Fa 

P3 

Br, 

Lbs 

C3 

RC3 

Re3 

T3 

Rn3 

Rh3 

H 

A3 

42 

55 

10 

11 

37 

lu 

98 

28 

47 

N 

15 

14 

38 

Li 

97 

99 

30 

48 

E 

9 

11 

36 

L2 

86 

87 

81 

27 

46 

6 

20 

17 

36 

L3 

86 

88 

84 

66 

4 ^ 

16 

30 

A 

29 

20 

35 

L,-

14 

12 

18 

6 

6 

6 

3 

19 

63 

T 

17 

11 

40 

2 

28 

L2-

42 

40 

32 

74 

22 

13 

18 

45 

1 

36 

30 

17 

31 

IN3 

93 

96 

96 

81 

85 

27 

24 

32 

V 

7 

7 

33 

Ni 

93 

96 

96 

80 

85 

28 

99 

24 

32 

E 

8 

9 

34 

N2 

84 

88 

87 

77 

76 

17 

93 

90 

21' 

28 

2 

25 

D3 

75 

38 

45 

31 

98 

29 

23 

20 

F3 

P 

59 

50 

56 

72 

29 

P3 

93 

91 

88 

83 

86 

15 

53 

86 

87 

74 

0 

36 

21 

47 

Br3 

72 

72 

75 

60 

49 

20 

14 

70 

68 

75 

SI 

55 

14 

Lb3 

88 

87 

83 

81 

84 

18 

58 

79 

80 

64 

Tl 

96 

41 

44 

42 

53 

C3 

,40 

25 

27 

25 

15 

14 

17 

21 

21 

17 

V 

36 

41 

29 

15 

42 

6 

RC3 

E 

10 

24 

29 

22 

14 

Re3 

5 

31 

17 

19 

T3 

46 

53 

56 

37 

44 

69 

68 

70 

41 

27 

26 

51 

18 

35 

15 

Rna 

16 

23 

21 

19 

27 

10 

20 

20 

18 

43 

19 

18 

2 

20 

22 

Rh3 

5 

37 

44 

48 

11 

11 

H 

48 

48 

45 

48 

43 

36 

41 

41 

36 

50 

24 

50 

15 

16 

42 

26 

Compiled from the Computer Sheets. The numerical values listed = r x 100, N = 55 
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3.2.1.5. Linear regression analysis 

The regression equation among the various morphometric variables are found 

to be significant in most cases. The calculated 't' values are found significant 

at 99.9% level in mc»t cases. But the (X>efficients of determination (R )̂ vary 

from 0.306 to 0.979 but most lie well above 0.701 (table 3.6 & figure 3.5). The 

problem in statistical analysis of the study of the morphometric date arises 

when the nature of the 'process-response' relationships cannot be precisely 

ascertained. Thus, it often becomes extremely difficult to differentiate between 

the 'response' and the 'process' variable. This stems from the fact that most 

geomorphological relationships are part of a complex system of 

interrelationships or in other words, most geomorphological problems require 

multivariate analysis. A numerically significant correlation between two 

variables does not necessarily imply, that they are genetically related. Thus, it 

becomes apparent the process response relations among the morphometric 

variables are better understood by multivariate statistical method (Doomkamp 

and King, 1971). 

Table 3.6. 

Coefficients of linear regression equations between some morphometric 
properties of 55 third order basins of the river Balastm 

Variables 

Dependent 

Y 
As 

As 

As 

As 

As 

As 

As 

ZTLs 

EU 

SLs 

ZLs 

Brs 

Independent 
X 

SNs 

ELs 

L, 

i.2 

Ls 

UKJ 

Brs 

L, 

W 
U 

SNs 

Ps 

Constant of 
regreuuiwi 

equation 

-0.681 

-0.373 

-0.284 

0.363 

0.S29 

-1.666 

-1.519 

0.278 

Z444 

3.121 

-1.186 

0.766 

Recession 
coefficient 

0.233 

0.314 

0 .«4 

1.406 

1.541 

1.625 

2.968 

1.443 

4.419 

4.941 

0.7S3 

0.103 

Standard error 

a 

0.250 

0.114 

0.144 

0.296 

0.^5 

0.406 

0.670 

0.27S 

0.906 

0823 

0580 

0.182 

b 

0.013 

0.C08 

0.015 

0.114 

0.128 

0.123 

0.305 

0.029 

0.351 

0.371 

0.029 

0.021 

lvalue 

a 

-2.728 

-3.286 

-1.977 

1.231 

2.212 

^.106 

-2.260 

0.996 

zege 
3.791 

-2.044 

4.201 

b 

18.363 

38.808 

30.032 

1Z312 

ii.see 
13.243 

7.571 

49.304 

12.583 

13.305 

25.546 

4.830 

Coefficient of 
eMplanation 

0.864 

0.966 

0.944 

0.741 

0.731 

0.788 

0.520 

0.979 

0.750 

0.770 

0.925 

0.306 
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LINEAR REGRESSION ANALYSIS OF SOME MORPHOMETRIC 
VARIABLES OF THE 55 THIRD ORDER BASINS 

15 

Y = -1.666 + 1.626 X 
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R̂  =0.£ 

15 

10 
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Figure 3.5 



3.2.1.6. Sets of inter-correlated variables 

Correlation matrix (table 3.5.) has been used to identify the sets of inter-

correlated variable. This is done, by resorting the position of the variables 

around the margin of the table in such a way that the highest positive 

correlation coefficients fall nearest to the central diagonal line. Here, the 

coefficients are recorded twice for each pair of variables i.e. one on each side 

of the central diagonal line. Representing the level of correlation by density 

shading has makes a greater visual impact. Thus, the numerical information 

obtained in table 3.5. has been replaced by the figure 3.6. The groups of 

highly inter-correlated variables can fc>e easily identified and in the present 

study show the existence of the following groups: 

Group I: (A3), ( EL) 3, Li, L2, L3, (EN) 3, Ni. N2 

Group II: (A3), (P3), (Lb3), (Bra) 

Group III: F3, (Bra), (P3).(Lb3) 

It is relevant to note, therefore, that each of the groups of highly inter-

correlated variables are of distinct types. While, group I defines the basin size, 

stream length, and stream number. Group II defines the area, perimeter, 

length and breadth and the group III represents basin size, perimeter, stream 

length and stream fi-equency. 

3.2.1.7. Multiple relations among morphometric variables: 

Multiple regression is essentially used for predicting the relationship between 

one variable to a number of other variables. In this method the genetic 

relationships between the variables are not given much importance (Carson, 

1966). 

The present study has shown the existence of some distinct groups of inter-

correlated variables found during pair wise relationship study as represented 

in the matrix in the table 3.5. Multiple regression was undertaken to determine 

whether the variation in the value of a particular variable is accounted for to a 
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GROUPS OF HIGHLY INTER-CORRELATED VARIABLES FOUND BY 
RESORTING THE DATA OF TABLE 3.5 

As' ZL, L, Lj U INs N, N2 Ds F, P, Br, Lb, c, Re, Re, T, Rn, Rh, H, 

Level Of asrrelation 

Vh Above 0.9 

0.5-0.6 

0.8 - 0.9 

0.4 - 0.5 

0.7 - 0.8 

0.3 - 0.4 

0.6 - 0.7 

Below 0.3 

I'igure .3.6 



greater extent by considering Its relationship with variables taken together. 

The multiple r^ression of the different groups obtained above are dealt 

below: 

3.2.1.7.1. Area-length and number relationship: 

The multiple regression of Y (A3) on Xi (SN3), Xa (Ni), X3 (N2), X4 (EL) 3, X5 

(Li), Xe (L2) and X7 (U) of the 55 third order t>asins have been represented in 

the following equation: 

A3 = 17.10 -17.25. (SN)3 + 17.22. N, + 1709. N2 - 0.05.(£L)3 + 0.42 L, + 0.45 L2 + 0.37 U 

( t = 9.11) (-9.19) (9.17) (9.11) (-0.09) (0.80) (0.86) (0.70) 

[SE = 0.41 [-] [-] H H [0.52J [0.52] [0.52] 
R' = 0.9707 
F = 222.606 

Here the power of independent variables (IL3, Li, L2, L3, 2N3, Ni, N2) on the 

dependant variable is 97.07% that shows that only 2.93.% of the variation in 

A3 can be attributed to be controlled by random factors. The F statistics is very 

high (222.606) which indicates the overall regression exercise as being highly 

significant. The correlation matrix has been shown below: 

A3 

(SL), 

L, 

Ur 

U 
(2N)3 

Ni 

N, 

A3 

1 

0.982934 

0.971887 

oae-x^c 
0.854733 

0.930001 

0.932183 

0.837856 

lHh 

1 

0.989217 

0.865737 

0.87726S 

0.96148C 

0.962056 

0.87969 

L, 

1 

0.810043 

0.836977 

0.95726! 

0.95877 

0.869897 

L2 

1 

0.662375 

0.804751 

0.799396 

0.771416 

U 

1 

0.85155J 

0.8S58-I1 

0.757345 

(SN), 

1 

0.998101 

0.927207 

N, 

1 

0.903647 

Nz 

1 

3.2.1.7.2. Basin area and basin geometry 
A good statistical relationship between the various parameters of basin 

geometry and t>asin area has been established. The multiple regression of Y 

(A3) on Xi (P3), X2 (Lbs), X3 (Brs) and X4 (RC3) is given below: 

A3= 17.50 +0.023. P3 + -0.02. (Lbs) +0.08. Bra +2.25. Rĉ  

( t = -1.38) (2.90) (.0.08) (0.43) (4.76) 

[SE= [-]] [0.08] [0.20] [0.18] [0.47] 

R̂  = 0.9844 
F =246.81 
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The power of independent variables (P3, Lbs, Bra and RC3) in explaining the 

variation in A3 is 98.44% that is only 1.56% variation in A3 is controlled by 

random factors. The length, fc)asin perimeter and basin circularity show a 

positive influence on A3 while the length of the basin has a negative influence 

on A3 . This is most probably due to the elongated nature of the third order 

basin, to be precise, it may be due to the slope and topographic 

configuration of the basin. A very high value of F statistics 246.81 indicates 

that the overall regression exercise is highly significant. 

3.2.1.7.3. Stream frequency and basin geometry of the third order 

basins: 

The statistical relationship between the various parameters of basin geometry 

and basin area has been established below. The multiple regression of Y (F3) 

on Xi (P3), X2 (Lba) and X3 (Bra) can be presented in the following fonn: 

F3 = 9.85 + 0.01 . P3 + - 0.68. (Lbs) -1.10. Brj 

( t =14 .4 ) (0.04) (-0.95) (-2.12) 

[SE= 0.68) [0,32] [0.71] [0.52] 

R̂  = 0.398 
F = 11.246 

The equation is not a good fit one, as the power of independent variables 

like P3 , Lbs, and Brs, in explaining the variation in F is only 39.81. As much 

as 60.19% of the total variation remains unexplained. F3 cannot be explained 

by the independent variables and are attributed to other random factors. P3 

has a positive influence on F3 but Lbs and Brs has a negative influence on F3. 

This is probably due to the fac^ that the hilly tracts have relatively less number 

of streams due to lithological control. The F statistics has b ^ n calculated to 

be 11.246, which is statistically signilicant. 

3.3. Condiision 

The data obtained as shown in table 3.5 can be reorganized for aniving at 

some conclusion about the nature of the major processes operational in the 
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Balason valley by reducing them to groups of significantly inter-conrelated 

variable. This information can also be utilized to establish a model of the 

relationship between the morphometric variables and the areas from where 

they were obtained. 

The basin area (A3) is often highly conrelated to many other morphometric 

variables is very much apparent from the above analysis. It was very often 

found during the study that there arose the prot>lem of disentangling the 

influence of area on other aii^rent relationships. To overcome this problem 

partially, techniques involving partial correlation was utilized. The strong 

correlation between the basin area (A3), the stream lengths (EU, Li, L2 and U) 

and stream numbers (ZN3, Ni, and N2) suggest that local reorganization of 

drainage basin area would be expected to lead to a reduction in stream length 

and number. On the contrary, the negative relationship between basin area 

(A3) with drainage density (D3), stream frequency (F3) and relief ratio (Rhs) 

suggest that there are likely to increase as the basin area decreases. These 

variables (ZU, D3, F3 and Rhs) may change in response to the change in the 

basin area that result from drainage reorganization following the removal of 

highly erodible ridge flanks. 

It can be concluded that the increase in the efficiency of the drainage network 

may be responsible for the reduction of first order streams vwthin the third 

order basins as fewer streams are needed to meet the conditions in the area. 

As these streams are young and very active, they are still extending their 

lengths with the consequent increase in the relief ratio, drainage density, 

elongation ratio and stream gradient to adjust themselves with the existing 

terrain typified by variation in the lithography, structure, relief, vegetation, land 

use etc. Thus, the Balason basin which Is still young and active is tr^ng to 

overcome the state of in equilibrium and enter into of state of eariy maturity in 

the coming future. 
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CHAPTER 4 

PEDOGEOMORPHIC RELATIONS WITHIN THE BASIN 

4.1. liitrodactioii 

Although Robinson (1949) had tried to establish a relationship between soil and 

landfbmn when he said 'the domain of pectology may come to engross a 

considerable amount of dynamic geolog/" the two have been frequently treated 

separately with only a token of awareness of one on the other and vice versa. The 

increasing awareness due to modem research has led to the understanding that 

soil and landfbrms are closely dependent upon one other as one influences the 

other. This has led to the evolution of a new discipline of 'pedo-geomorphology" or 

soil geomorphology (Conachar & Dalrymple, 1978). 

The drainage basin provides a convenient and ideal natural unit for the study of 

pedo-geomorphic parameters and their intenelationships. Within this unit the 

constituent parameters of landform, soil and drainage frequently show an 

organized relationship and without the knowledge of the basin in which they occur 

many of these evente become Incomprehensible (Sarkar, 1987,1994). A realistic 

correlation can only be drawn if the processes of soil formation are in equilibrium 

with the surface and sub-surface processes, acting on the slope (Norton & Smith, 

1930; Furley, 1968 & 1969; Young, 1968; Jordan, 1974; Gen-ad, 1980;). It is often 

assumed that the meaningful relationship t}etween slope and soil properties 

becomes the result of any well-organised study. 

In the present work pedo-geomorphic study has been carried out to determine and 

assess the intricate inter-relationship among some of the parameters that include 

the slope, infiltration and soil properties, in the Balason basin of Darjeeling 

Himalaya. Collection of the soil samples were made from 50 different sites, 

randomly selected, within the study area during 1998-2000 (figure 4.1). Slope 

angle, soil colour, thickness of A horizon were measured at the sample sites. The 

rate of infiltration was measured with the help of galvanized steel tube (diameter 

of 20 cm) which was inserted into the soil with a head of water of about 6 mm. 
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Table 4.1 

SI. 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Pedo-geomorphic parameters obtained from 50 sample site 
Locality 

Matlgara 
Fulbari Pump house 
Khaprail 
SImulbarle P.O. 
Panighatta Dispensary 
Panlghatta Bridge 
Rohlnl 
Marlonbarle T.G. 
Garldhura 
Dudhia Khola 
Pankhabarl 
Kochlgoan 
Bungkulung R.H. 
Gayabari 
Ambootia 
Kaphebarl 
LongvlewT.G. 
Cedars T.G. 
Oooteriah 
MandakotI 
Gopaldhara 
Nagri 
Mane P.O. 
Sungma Terminus 
Seeyok 

Altitude 
In metre 

121 
190 
164 
213 
255 
267 
220 
229 
246 
308 
540 
560 
640 
768 
948 
918 
570 
1100 
1260 
1100 
1340 
1348 
1349 
1340 
1520 

Slope in 
Degree 

1 
1 
1 

1.2 
1.5 
11.3 
1.6 
1.3 
1.7 
1.8 
15.3 
13.4 

6 
19.2 
18.7 
13 
2.6 
11.1 
214 
17.4 
13.1 
14.2 
7.4 
22 

19.5 

Sand 
% 

32.51 
56.25 
27.45 
53.02 
40.03 
46.1 
43.64 
55.37 
50.31 
40.9 

65.52 
70.91 
70.31 
46.75 
69.09 
56.51 
65.52 
69.09 
60.65 
65.73 
58.73 
68.4 
58.4 
81.73 
66.32 

Silt 
% 

42.76 
21.11 
46.03 
21.93 
25.13 

27 
20.14 
25.26 
31.76 
23.41 
18.31 
16.91 
12.15 
15.09 
13.75 
8.73 
18.31 
13.75 
9.56 
15.09 
16.93 
16.09 
16.09 
5.91 
17.31 

Clay 
% 

24.73 
22.34 
26.52 
25.05 
34.81 
279 
36.22 
18.37 
21.75 
35.69 
16.17 
12.18 
17.54 
38.16 
1716 
34.76 
16.17 
17.16 
30.39 
19.18 
24.34 
15.51 
25.51 
12.34 
17,37 

Organic 
matter % 

0.89 
2.05 
1.87 
1.43 
3.3 
2.91 
3.71 
1.22 
2.07 
3.36 
2.07 
1.93 
3.62 
3.93 
2.41 
3.7 
2.09 
2.41 
4.01 
3.83 
2.69 
2.92 
3.41 
1.81 
2.01 

Hygroscopic 
moisture % 

1.13 
2.63 
2.18 
2.01 
2.83 
2.01 
3.29 
1.77 
2.03 
2.9 
1.73 
1.91 
1.29 
2.93 
1.93 
2.31 
1.73 
1.03 
2.92 
2.79 
3.29 
2.71 
2.95 
1.49 
1.81 

PH 

6.5 
6.5 
6.4 
6.3 
5.8 
6.1 
5.3 
6.4 
6.5 
5.9 
5.4 
5.5 
5.3 
5.4 
5.2 
5.3 
5.4 
5.1 
6.2 
5.3 
5.3 
5.6 
5.1 
5.6 
5.5 



SI. 
No. 
26 
27 
26 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

Locality 

Kale] Valley 
Rungbull 
Mirik P.S. 
Pokrfabong Market 
Pubong 
Tumsohg 
Talkot 
Gorabari 
Diiaram 
Nayagoan 
Margaret's Hope 
Rington 
Tung P.O. 
Bhotey BustI 
Go^hal's School 
Kurseong Jail 
St. Mary's Seminary 
Mane P.O. 
Makalbari 
2 km from Gayabari 
Simana Busty 
Chamong 
PaQOda Forest Dhauki 
Sonada P.O. 
Lepchajagat 

Altitude 
In mrtre^ 

1693 J 
1900 
1600 
1727 
1744 
1833 J 
1640 
1900 
1700 
1547 
1360 
1302 
1620 
1540 
1540 
1380 
1540 
1007 
1252 
1270 
2355 
2100 
2106 
2000 
2502 

Slope In 
Degree 

22 
18 
14 

14.4 
17 
20 
14 

15,4 
14.4 
9.5 
6 

12.4 
19.4 
15 
12 
11 

12.4 
21 
28 

16.2 
13.5 
20 

17.4 
14.4 
18.9 

Sand 
% 

66.93 
64.32 
67.2 
66.2 
53.93 
66.95 
66.2 
63.71 
60.71 
60.81 
50.91 
59.32 
73.91 
66.81 
58.35 
65.3 
58.32 
8381 
66.71 
86.91 
55.75 
8291 
64.91 
60.81 
63.91 

Silt 
% 

14.86 
17.31 
17.09 
16.09 
1045 
11,03 
18.09 
12.26 
15.28 
15.2 
26.1 
11,78 
6,1 
101 
11.76 
10.2 
11.78 
5.28 
9.09 
4.92 
14.2 
16.18 
14.12 
15.18 
15.1 

Clay 
% 

18.22 
18.37 
25.71 
27.71 
35.62 
2002 
25.71 
23.99 
23.97 
2399 
2399 
29.9 
20.99 
24.09 
29.9 
24.5 
30.9 
10.91 

24 
8.75 
29.92 
10.91 
20.97 
2398 
20.99 

Organic 
matter % 

2.45 
2.03 
2.4 
1.98 
2.31 
2.41 
2.35 
2.71 
2.81 
3.81 
3.93 
2.69 
3.74 
2.41 
2.41 
2.91 
2.31 
2.05 
2.31 
1.91 
3.4t 
2.1 
2.43 
2.91 
3.74 

Hygroscopic 
moisture % 

3.21 
1.86 
2.5 
1.93 
2.54 
3.15 
2.43 
1.98 
2.15 
2.51 
3.12 
1.92 
2.62 
2.13 
1.96 
2.01 
1.79 
2.1 
1.79 
1.43 
2.9 
2.61 
1.98 
2.43 
3.18 



INDEX MAP FOR SAMPLE SITES FOR 
PEDOGEOMORPHIC STUDIES 
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The collected soil samples were thus furtiier analysed in the laboratory, for the 

determination of pH, organic cartx}n (%), base exchange capacity (m.e.), nitrogen 

(%), hygroscopic moisture (%) along with the percentage of sand, silt and clay 

(table 4.1} The data thus obtained were processed and analyzed statistically to 

find out the exact nature of relationships among them. In order to apprehend the 

pedogeomorphic relations under different environmental setup, a number of 

statistical analysis have also been done. 

4.2. Pair wise relations 

The numerical assessment of tiie relationships among the different pedo­

geomorphic parameters have b^in conducted based on correlation and 

regression metiiods. The data for tiiese study have been otJtained from 50 sample 

sites (figure 4.1) which has been represented In table 4.1. 

4.2.1. CoiTelatitni among pedogecanoiidiic parameters : 

The resulte of the correlation anal^is have been presented in a matrix form in 

table 4.2. The correlation coefficients have also been checked against significance 

table and an account of these have also been indicated in the correlation 

coefRdent matrix (table 4.2). 

The correlation coeffidents among the various soil properties and slope are 

consistentiy significant at tiie level of 99% in most cases. Significant positive 

correlations have been found between slope (x) and sand content (y) and 

between infiltration (y) and sand content (x), while significant n^ative correlations 

have been found between slope (x) and silt content (y), pH (y) and slope (x), 

Infiltration (y) and day (x). However, most of the remaining pedogeomorphic 

parameters are found statistically insignificant .This is due to tiie fact that these 

parameters are not dependent on any one parameter but are inter-related and 

thereby, multiple correlation analysis becomes necessary to apprehend tiieir exact 

nature of relationships. 

The correlation matrix table 4.2) also proves tiie esdstence of high correlation 
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Table 4.2 

Correlatioii* matrix for Pedogeomorpliic variables in the 
Balascm basin. 

Slope 

Ahloriznn 

Sand 

SK 

Clay 

Hygroscopic moisture 

pH 

Oiganic Carbon 

Base Bcchsnge Capacity 

NIrogen 

Infiftfation 

1 
1 1 1 s ^ ? i S i 1 1 

\ 

86 

5 

11 

6 

15 

TO. 

V 25 

16 

28 

23 

7 

19 

40 

8 

> 28 

\ 

61 

70 

77 

18 

75 

29 

72 

39 

4 

43 

30 

30 

21 

2 

61 

66 

74 

S7 

53 

13 

NEGATIVE 

11 

28 

48 

64 

81 

7 

15 

26 

\ 

66 

POSITIVE 

9 

14 

34 

44 

29 

« 

34 

24 

32 

39 

3 

Compiled ftom the Computer Sheets. The numerical values )»ted * = rx100, N = 50 

(tntd) signHcant at 99.5% lewel 

between the rate of infittration and the various soil properties. The relationships 

bear logical explanations and are consistent with the view that the pedo-

geonnorphic parameters within a drainage basin tend towards a state of intemal 

order and organization. 

It is interesting to note that most of the soil properties are inversely related to tiie 

infiltration rate, such as tiie tiiickness of tiie A hori»>n, pH, day, silt base 

exchange capadty, hygroscopic moisture and organic carbon have negative 

relationships with the rate of infiltration. The positive relations have been noticed 

between the infiltration rate and sand content and infiltration rate and slope. 

However, all these relations are found to t)e highly significant. 
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4.2.2. Linear regression analysis: 

Linear regression analysis has been further employed in order to understand the 

relations among some of the pedo-geomoiphic variables (table 4.1). The results 

have been tabulated in table 4.3 and digrametrically represented in figure 4.2. 

Table 4.3 

Linear regression analysis of different pedo-geomorphic parameters 

Variables 

Dependent 
y 

Thickness of 
Ahorizon 
Sand 

SH 

Clay 

pH 

Ntrogen 

Organic 
Catxm 
BasecMchange 

mcMure 
In^Riadon 

Infttrabofi 

Infiltration 

InfMidtion 

InfltraHon 

InfRration 

InffUijtlon 

InflRration 

hifMration 

Independent 
X 

Slope 

Slope 

Slope 

Slope 

Slope 

Slope 

Slope 

Slope 

Slope 

saope 
Sand 

Sit 

Clay 

TMckness 
of Ahorizon 
Nitrogen 

Orgmic 
Carbon 
Baae 
exctange 

moisture 

Constant of 
regression 
equation 

a 

18.325 

46.606 

26.812 

26.998 

5.920 

0.2S0 

2.488 

16.022 

2.221 

992.768 

1^.580 

1373.132 

1846.396 

1492.072 

1466.842 

1543.914 

1612.229 

1616.801 

Regression 
coefficient 

b 

.0.253 

1.138 

•0.809 

-0.290 

-0.034 

0.002 

0.012 

0.040 

0.004 

1S.QZ7 

16.304 

-11.455 

-2B.4X 

-20.384 

-1030.060 

-136.201 

-25.922 

-190.295 

Standard error 

a 

2.053 

2.686 

1.738 

2.036 

0.101 

0.028 

0.229 

1.460 

0.174 

91.966 

183.666 

101.797 

125.904 

98.720 

139.277 

156.846 

152.023 

177.573 

b 

0.142 

0.166 

0.120 

0.141 

0.007 

0.002 

0.016 

0.101 

0.012 

6.364 

3.113 

5.544 

5.172 

5.927 

480.705 

57.675 

8.830 

75.668 

rvalue 

a 

8.928 

17.349 

15.430 

13.261 

56.683 

9.061 

10.877 

10.973 

12.770 

10.796 

0.943 

13.«0 

14.665 

15.114 

10.532 

9.732 

10.605 

9.106 

b 

-1.781 

6.129 

-6.738 

-2.063 

-4.827 

1.027 

0.773 

0.392 

0.347 

2.385 

5,287 

-2.066 

-5.496 

-3.441 

-2.143 

-2362 

-2.936 

-2.515 

R̂  

0.062 

0.439 

0.486 

0.081 

0.327 

0.215 

0.012 

0.003 

0.003 

0.104 

0.386 

0.062 

0.386 

0.198 

0.087 

0.104 

O.IK 

0.116 

A total of 18 linear regression analysis have been performed and most of them are 

found highly significant (99.5% level). The coefficient of determination (R )̂ shows 

the percentage of the variation in dependent variable (Y) explained by the 

respective independent variable (X). It has been shown in table 4.3 and figure 4.2 

ttiat in all the cases, the R̂  value lie well below 0.5 i.e., 50 % explanation. This is 

probably due to the fact that the nature of the process response relations are not 

precisely known in the present study. In some cases, it is extremely difficult to 

decide which shall be the 'response' and which will be the 'process' variable, 
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LINEAR RELATIONSHIPS AMONG THE VARIOUS 
PEDOGEOMORPHIC PARAMETERS IN THE BALASON BASIN 
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LINEAR RELATIONSHIPS AMONG THE VARIOUS 
PEDOGEOMORPHIC PARAMETERS IN THE BALASON BASIN 
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GROUPS OF HIGHLY INTER-CORRELATED VARIABLES FOUND BY 
RESORTING THE DATA OF TABLE 4.2 

iiii 
cm 

Level of 

0.9-1.0 

0.7-0.8 

05 -0 .6 

0.3-0.4 

Correlation 

1 1 

WSi 
1 1 

0.8-0.9 

0.6^.7 

0.4-0.5 

B«kMr0.3 

Figure 4.3 

because, most of the pedo-̂ eonfK>rphic nelati<mships are parts of a complex 

system of inter-r^ationship among their constiUient parameters. 

Thus, the process-response relations need not be thought of only in the sense of 

pair-wise analysis. Indeed, tiie multivariate nature of pedo-geomorphdogicai 
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problems demand that their analysis should involve multivariate statistical 

methods. 

4.3. Multiple Relations 

It has already beai mentioned that tiiere are some distinct groups of inter-

correlated pedo-geomorphic variable found in pair-wise study in the Balason 

basin. For the comprehensive understanding of this 'process-response' system, 

more than tMO variables should be considered simultaneously. The purpose of this 

study is to discover the variation in a particular variable by considering its 

relationship to other variables taken together. 

4.3.1. Sets of inter correlated variables 

The correlation matrix (table 4.2) can be used to assess the presence of inter-

correlated variables 1:^ resorting tiie position of the variable around the margin of 

tile table in such a manner that the higher positive conrelation coefficients fall 

nearer to the central diagonal line. 

The coefficients are recorded twice for each pair of variable i.e., one in each side 

of the central diagonal line. A greater visual impact has been made by 

representing the level of correlation by density shading. Thus, tiie groups of highly 

inter-correlated variables can easily be observed and in the present study the 

following groups have identified (figure 4.4 ). 

Group I : Slope, sand, silt and pH 

Group II : Clay, hygroscopic moisture, organic carbon, base exchange, nitrogen 

and Infiltration. 

4.3.1.1. Slope, S(N1 properties and infiltration rate: 

In order to apprehend the relationship among the gradient infiltration rate and 

some soil properties, the following multiple regression equation has been 

performed: 
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Y = a + biXi + b2X2+ ba)^ + b4X4 + bsXs* beXe + b/X/ + baXa + bgXg + bioXio 

where Y = slope, Xi = thickness of A horizon (cm); X2 = sand (%); X3 = silt (%); X4 = 

clay (%); X5 + hygroscopic moisture (%); Xe = pH; x? = organic carbon; Xa = base 

exchange (meq); Xg = nitrogen (%) and Xio = infiltration rate upto 240 minutes 

(cm). The regression equation has been represented: 

Y= 24.72 .O.O8.X1 0.21 .)fe -0.29. X3 0.05. X4 1,56. X5 -3.36. Xe -3.33. X7 -0.13X8 15.99. )fe -0.001. Xio 

SE = 34.63 0.13 0.29 0.32 0.29 Z08 3.16 2.10 0.25 18.59 O.0O3 

t = 0.71 - 0.72 -0.09 0.18 0.75 -1.06 -1.11 -0.52 0.86 -0.31 

R̂  = 0.5766 
F= 5.312 

The regression equation is a good-fit one. However only 57.66 % of the total 

variation in Y have been explained by the independent variable, leaving 42.34% 

controlled k>y random factors. Sand, clay, hygroscopic moisture and nitrogen have 

positive influence on slope, while the odier variables have negative influence. This 

is probacy due to tiie fact that tiie steep slope regions of the basin have a dense 

cover of natural vegetation which heips the soil to enrich in nitrogen, base 

exchange and increases the hygroscopic moisture content, while the negative 

relationship between tiie infiltration rate and slope gradient is due to the fact that 

tiie lower slopes of the terai region contain fine textured soil which may interrupt 

infiltration. The 'F' statistic has been calculated to be 5.312 which is greater than 

the tabulated value at 99% level of significance, which indicates the overall 

regression exercise is significant. But, if we consider the 't' values of individual 

cases at the level of significance (95%) and compare it with the calculated values, 

we may then predict that only Xi, X2, xa, X4, and Xe to be significant. 

4.4. Pedo-geomor^c Relations in Different Enviranmental setup 
In order to apprehend the nature of interactions between some of the pedo-

geomoiphic parameters in different lithological, attitudinal and slope environments, 

the following multiple regressions have been performed. 

4.4.1. Pedo-geomorphic relations in different litholc^ical setup: 

To apprehend the influence of parent materials on pedo-geomorphic properties, 

the following two multiple regression analysis have been performed: a) for the 
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samples obtained from the area having consolidated bed-rocks {N= 33), and b) for 

the sample obtained from the area having unconsolidated parent materials 

(N=17). 

4.4.1.1 RelaticHis in areas having cmisoiidated bed rock as parent 
materials 

The regression equation for various pedo-geomorphic properties, can be 

presented in the following form: 

Y = a + biXi + bzJfe + t̂ Xa + b4X4 + bsXs + beXe + brXr + baXa + baXa + bioXio 

where Y = slope, xi = thickness of A horizon (cm); xs = sand (%); xa = silt (%); XA = 

clay (%); xs + hygroscopic moisture (%); xe = pH; xj = organic cartoon; xa = base 

exchange (meq); xg = nitrogen (%) and xw = infiltration rate upto 240 minutes 

(cm). The regression equation has been represented; 

Y= -30.63 -0.11. X, -0.09. X2 0.64. X3 -O.IS.X4 2.20. Xs 10.86. Xe 0.16. X7 0.07. Xs -9.13. X9 0.003. X10 

SE = 31.5S 0.13 0J25 02r 0J2S Z44 4.40 2.11 0.26 21.86 0.QO3 

t = -0.97 -0.81 -0.34 -2.41 -0.58 0.90 2.47 0.08 0.28 -0.42 0.97 

R^= 0.5719 
F = 2.939 

The equation shows tiie power of independent variable on Y is 57.18% i.e. only 

42.82% of variation is contix)lled by random factors. The hygroscopic moisture, 

pH, base exchange, organic carbon, and the infilti-ation rate have positive 

influence while, thickness of the A horizon, sand, silt clay and niti'ogen have 

negative Influence on slope. 

It is interesting to note that the infiltration rate have positive influence on tiie 

slope, in areas having resisteint parent materials which may be due to tiie fact that 

\he steep slope of the hilly regions contain more porous, coarse textured soil and 

tiie bed rock are highly jointed that may invite uninterrupted infiltration. The 

calculated 'F' statistic (2.939) is greater ftian the tabulated value which indicates 

the overall regression exerdse to be significant But if we consider the 'f value at 

the level of 95% significance we can predict that only xa and xe are found to be 

significant. 
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4.4.1.2. Relations in areas having unconsolidated parent materials: 

This study includes 17 samples obtained from tiie soutiiem rolling to gentiy 

undulating areas (figure 4.1). Here the regression equation for various pedo-

geomorphic properties can be presented in the following form: 

Y= 46.04 0.06JC, -0.37)6 -0.60. Xj -0.04.x, -4.04. )fe -0.99. XB -0.16. X? -0.58. Xi, 34.12. i% O.0C7. K,o 

SE=307.79 0.89 3.19 3.16 3.87 11.26 14.73 9.40 1.27 48.36 0.03 

t=0.15 0.07 -0.11 -0.19 -0.01 -0.36 -0.07 -0.02 -0.46 0.69 0.26 

R^= 0.5445 
F = 0.717 

The equation shows the power of independent variables on Y is 54.45% i.e. only 

45.55% of variation is controlled by random factors. The A horizon, and nitrogen 

and infiltration rate have positive influence while, hygroscopic moisture, pH, base 

exchange, organic cart>on, sand silt day percentage and t}ase exchange have 

negative influence on slope. The 'F' statistic has been calculated to be 0.717 

which proves that the overall regression equation is insignificant. 

Thus, it reveals that the pedo-geomorphic relations are more meaningful in the 

northem hilly tracts composed of consolidated parent materials. The process-

response relations are also found to be more prominent in these areas. While, the 

pedogenic processes have been found to be frequently inten\ipted in the southern 

unconsolidated areas due to continuous deposition of sediments brought down by 

the fluvial agents. Thereby, soil properties show inconsistent relations with 

geomorphic parameters. 

4.4.2. PedogefHnorpMc relaticHis in different slope zcmes : 

The investigator of tiie present study has also t ied to assess the pedo-

geomorphic relations under different slope zones. The total sample data has been 

divided into tMO broad groups: a) data otjtained firom the areas having gradient of 

more than 15° and b) data obtained form the area having gradient of less tiian 

15°. The former consists of 31 observations and the latter composed of 19 
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observations. The multiple regression for pedogeomorphic variables obtained 

fi-om areas having slope more than 15 ** is presented In the following form: 

Y= 7.06 -02T.X, -0.04, X2 -0.16,1^ 0.001. X« -0.39. Xs +3.49. Xe -0.22. X7 *QSB>f» -13S4. )fe -0.002. X10 

SE = 54.42 0.19 0.67 0.80 0.75 3.64 8.01 2.78 0.39 35.88 0.004 

t = 0.13 -1.41 -0.06 -0.21 -0.001 -0.11 0.44 -0.08 1.44 -0.39 -0.40 

R2 = 0.3742 
F = 0.538 

While, the multiple regression for pedo-geomorphic variables obtained from the 

areas having slope less than 15° is represented in the following equation: 

Y= 10.72 -0.08. Xi 0.56. X2 0.26. X3 0.31. X4 -0.91. X5 -5.68. Xe -1.82. X7 -0.11. Xs 10.39. X9 -0.01. X10 

SE= 36.37 0.14 0.31 0.33 0.28 2.01 2.91 2.18 0.24 18.58 0.01 

f = 0.29 -0.52 1.81 0.80 1.13 -0.45 -1.95 -0.83 -0.48 0.56 -1.29 

R̂  = 0.6542 
F = 3.594 

The above analysis reveals that the relations among the pedo-geomorphic 

parameters are more consistent in areas having gentie to moderately gentie slope 

(15**). Only 37-42 % of total variation are found to be ©cplained among tiie pedo-

geomorphic parameters in areas having slope more tiian IS**. In fact, the 

calculated F statistic of 0.538 also fails to prove its significance at an acceptable 

level. In contrast, the multiple relations among the pedo-geomorphic parameters 

in areas having slope less tiian 15° are found more consistent where 65.42 % of 

the total variations are found to be explained. The calculated F statistic also 

proves such a contention. Thus, it is apparent that the youthful and active hill-

slope process in the northem hilly tracts (>10°), prevent pedo-geomorphic process 

to reach a certain stage of stabilily. While, the pedo-geomorphic process in the 

southem undulating and summit plains have achieved some sort of stability to 

produce meaningful relations among themselves. 

4.4.3. PedQgenKH-pfaic relations in different tĉ Mograpfaic setup: 

The investigator has also t ied to assess tiie level of multiple relations among the 

pedogeomorphic properties and infiltration rate under different topographic forms, 

which are thus divided into two broad groups: a) date ok>teined firom erosion 
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surface and b) data obtained from the deposition surface. The former consists of 

22 observations and the latter consists of 28 observations. 

The multiple relations among the pedogeomorphic properties obtained from the 

erosion surface may be represented in the following form: 

Y= .32.83 -0.12.x, -0.10. Xj -0.66. X3 -0.11. X4 1.54. X5 11.54. Xe 0.18. X7 -0.01. Xj 0.07. X9 0.002. X10 

SE = 3Z31 0.13 0.27 0.29 02B 2.M 4.41 2.10 0.25 19.67 0.003 

t = -1.02 .0.97 -0.36 -2.27 -0.38 0.66 2.62 0.08 -0.04 0.003 0.88 

R̂  = 0.5593 
F = 2.919 

And the multiple relations among the pedo-geomorphic properties obtained from 

the depositional surface may be expressed in the following fomn: 

Y= 36.16 0.43.x, 1.93. Xz lae .n , 0.72. x, -356. Xs -26.41. Xi, -3.24.x, 1.56.x, -50.86. Xg -0.03. x,o 

SE = 88.46 O.ffi 1.38 1.46 0.68 7.60 15.79 5.21 1.21 53.44 0.03 

t = 0.41 0.65 1.40 1.27 1.04 -0.52 -1.67 -0.ffi 1.29 -0.95 -1.22 

R̂  = 0.6966 
F = 1.14a 

It is interesting to note that the multiple relations among the pedo-geomorphic 

parameters are found to be significant in both erosion and deposition surfaces. 

However, it is found more consistent among the samples obtained from the 

depositional surface, where 69.66% of the total variation in the slope have been 

explained by the respective independent variables. 

4.4. Candusion 

The soil of Balason basin, is erosion prone and extremely precarious along the 

northern hilly ti^cts. Very high slope gradient (30<>-40°), along with high and 

concentrated rainfall (2500-^500 mm) aggravates tiie erosional hazards. Field 

observations reveal that soil is active in tiie study area. Solum mixing, truncation 

and the presence of coluvial stone horizons have been identified in many cases, 

due to excessive soil erosion. 

Several statistical relationships have been observed among many soil properties, 

infiltration rate and their respective slope in the study area. These relationships 
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seem to be prominent and statistically significant and coincide with that of the 

established relationships found in other places. Most of the soil properties are 

inversely related to the slope, while the rate of infiltiration is positively related to the 

slope. This is most probably due to complex interactions among a number of 

variables like soil texture, organic matter, thickness of A horizon etc. the multiple 

correlation studies also show some striking results. 

Moreover, to understand the spatial distribution of these relationships and their 

interactions in different lithological, altitudinal and slope environment, the total 

samples have been suitable divided and analysed statistically. Significant 

relationships have been found around the broad summits in the northern hilly part, 

i.e. the gnassic area, with higher elevaticMi (>1000 m), and southem undulating 

plains having a gradient of less than I5*». But the pedo-geomorphic parameters 

obtained fifx>m areas having unconsolidated parent materials with moderate 

altitude (300 -1000 m), steep gradient (>15*0 fail to achieve statistically significant 

relationships. This is most probably due to the fact that the nortiiem summit and 

the southem undulating plains of the Balason basin have achieved pedo-

geomorphically more stable state where the pedogenic and geomorphological 

processes have achieved some sortof equilifcKlum as a process response system. 

The nortiiem non-gneissic terrain and the southem piedmont areas experience 

heedless deforestation, mass movements and the streams draining tiirough tiie 

region are in the habit of depositing enormous amount of fresh silts during rains 

each year. 

Thus, the continuous depletion of the slope materials in the northern hilly terrain 

and continuous increment of highland refuges in the southem piedmont areas 

have dehimental effect towards achieving the stat)ility of the pedo^eomorphic 

parameters. 

The four major pedo-geomorphic units have been recognizes as: (a), the nortiiem 

moderately sloping summit composed of gnelssic rocks which is characterized as 

erosion surface; (b). tiie extreme southem undulating plains; (c) tiie north central 

non-gneissic hilly areas with slopes more than 15° and (d) the active depositional 

surface of piedmont zone. The former two (a & b) ̂ diibits some sort of equilibrium 
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as a process^response system betw/een the pedogenic and geomorphic process. 

Equilibrium between the pedogenic and geomorphic processes has not been 

achieved in the latter areas (c &d). 

References 

Conacher, A.J. & J.B. Dalymp^e 1978; Identification, measurement and 
interpretation of some pedo-geomorphic processes, Z-
geomorphology. N.F. suppl. Band. 29-42. 

Fur l^, P.A. 1968; Soil formation and slope deveic^Tmerrt, the relationship between 
soil formation and gradient ar^le in the Oxford area, Z. 
Geomorph. N.F. 12; 25 -42 . 

Fur l^ , P.A. 1969; Relationships betiween sIĉ De form and soil properties 
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CHAPTERS 

SOIL EROSION: ASSESSMENT AND STRATEGIES FOR 

CONSERVATION 

5.1. Introductioii 

The extremely dynamic nature of the geological, geomorphologic and fluvial 

processes operating in the Balason basin provides unrivalled possibilities for the 

study of soil erosion in the region. Mass movement and gullying are rampant on 

most slopes and soil loss is widespread over the basin, which is of increasing 

concern to the inhabitants (Photo 5.1 & 5.2). 

This chapter aims at making a quantitative assessment of the soil erosion hazard 

by apprehending a number of diagnostic criteria, culminating, in the proposal of a 

soil conservation plan, to protect the extremely vulnerable region against 

extensive soil loss. 

5.2. Assessment of Soil Erosion Hazard 

The assessment of soil erosion hazard is a specialized extension of land resource 

evaluation, v^ereby areas of land are identified where the maximum sustained 

productivity from the given landuse is threatened by excessive soil loss. The 

assessment aims at classifying the area into regions with similar intensity of 

erosion hazard, as a basis for planning soil conservation work (Requier, 1980). 

Such an assessment of soil erosion is concemed with measuring and comparing 

the variables that determine forces like soil erosivity and soil erodibility in order to 

predict the likelihood of erosion and soil loss. 

5.2.1 Diagnostic criteria 
Soil erosion is controlled by a number of factors (figure 5.1), some of which can be 

easily quantified while it becomes more difficult to make a quantiteti've 
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Photo 5.1 Top soil removal in the Northern hilly part: 
note the indigenous conservation measures 

Photo 5.2 Bank erosion - rampant in the Southern piedmont zone 



assessment in the case of other factors. In the present study, the following 

diagnostic criteria have been assessed quantitatively: 

1. Climatic / Rain erosivity (R) 

2. Soil factor/ erodibility (K) 

3. Topographic factor / erosivity (LS) 

4. Biological factor (CP) 

FACTORS IN SOIL EROSION BY WATER 

EROSIVITY FACTORS 

RAINFALL FACTORS 
Drop size, velocity, distribution, 

Rain intensity, frequency, duration 

RUNOFF FACTORS 
Supply rate, flow depth, velocity 
Frequency, nnagnitude, duration 
Sediment content 

^ r 

Unconcentrated flow 
(Sheet erosion) 

Raindrop 
erosion 

^ ' 

Runoff 
erosion 

ERODIBILITY FACTORS 

SOIL PROPERTIES 

Particle size, clad-fomning properties 
cohesiveness, aggregates, infiltration 
capacity 

VEGETATION 
Ground cover, vegetation type, 

Degree of protection 

TOPOGRAPHY 
Slope inclination (+) and length (+), 

Surface roughness, flow cover, 
Convergence or divergence 

LANDUSE PRACTICES 
e.g. Contour ploughing, gully 
Stabilization notations, 
Terracing etc. 

^ f 

Concentrated flow 
(Rill, Gully erosion) 

Based on Cooke and Doornkamp.19go 

Fig.5.1 

5.2.2. Methodology: 

A detailed soil erosion hazard assessment of the Balason basin has been 

attempted based on the diagnostic criteria mentioned above with necessary 

modification using the existing standard literature and rating tables (Wischmier 

and Smith 1978; Fournier 1972; FAO/UNEP. 1978; Arnoldus 1980; Requier, 1978 
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and Sarkar 1987, 1989 a, 1989 b, 1991 & 1997). A rating value is assigned to 

each group of the factors in such a v^y that each group can influence tiie final 

result according to its own importance (FAO/UNEP, 1978). The index value of ail 

the above criteria have been calculated on the basis of field data collected from 

various stations at regular intervals within the basin area. Details of assessment of 

soil erosion has been put fonward as an examfAe of "unit area". The site near 

Makaibari tea garden has been chosen for this purpose and the follovwng 

diagnostic criteria have been employed for the assessment 

1. Climatic / Rainfall erosivity or R 

/? = 27 Pr V P . 5.1 
1 10mm 

Where Pr iomm is the average monthly rainfall of months having >10 mm rain in 

a single rainfall event i.e. 463.8 mm and P is tiie annual rainfall in mm i.e. 

4030.72 mm and hence R = 426.94. 

2. Soil erodibility (K) has been calculated, based on the USLE Nomograph (figure 

5.2); where sand (0.10 - 2.0 mm) content is 66.71%, silt and very fine sand 

(0.002 - 0.10 mm) content is 9.09%. organic matter content is 2.31%; soil 

stiructuiB has been identified as coarse granular to crumby; soil permeability is 

moderate to moderately rapid and hence, the K value is calculated to be 0.34 

3. Topographic erosivity (LS) has been estimated based on USLE model such 

as: 

LS= VL/100 (0.136 + 0.009ZS + 0.0139.S^) 5.2 

where L is the length of tiie dominant slope in metre, i.e. 450 mebB, S is the 

slope gradient in percenfage i.e. 47% and L.S is the topographic erosivity i.e. 

66.39. 

4. Biological factor (C.P) has been estimated, based on the paramebic rating 

value (modified FAO/UNEP, 1978) i.e. 0.08. 
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SOIL ERODIBIUTY NOMOGRAPH 

PROCEDURE : With appropriate data, enter scale at left and proceed to points 
representing the soiTs * sand (0.10 - ZO rtm), % croanic mattw, stiudure and 
pennsabiMy, in that sequence. IntBrpotete between plotlBd curves. T?ie dotted line 
ihistrslBs procedure for a soil having sf + vfs 66.71%, sand 9.09%, OM Z31%, 
structure 3, pemieafaility 2, Solutian K = 0.34. 

0.10 

Figure 5-2 



The potential (natural vulnerability) soil loss and predicted or actual soil loss have 

been assessed firom the foiiowing empirical formula: 

a). The Potential soil loss by the water erosion has been assessed from: 

Pe=R.K.LS 5.3 

= 9637.15 tons/h-^/y-^ 

b). The Predicted or Actual soil loss has been estimated based on the following 

equation: 

£ = /?. K .LS. CP 5.4 

= 770.97 tons/h-Wy-^ 

5.2.3. Climatic / Rain Erosivity: 

It has been inoreasingly realized that the amount of soil in runoff increases rapidly 

with the increase of raindrop ertergy, and it has also been noted that erosion can 

be greatiy reduced by preventing raindrop imii^ct (Morgan, 1986). Thus, climatic 

erosivity is essentially a function of the intensity of rairrfalt, its duration, the mass 

diameter and the impact of raindrops. Based on the works of Laws and Pearsons 

(1943), Wischemeier and Smith (1958) obtained the equation: 

KE= 13.12+ 8.78 log. 10' 5.5 

where, I is ttie rainfall intensity (mm /h '^) and K.E is the Kinetic energy (Jm ~^/ 

mm'^). 

For ta^oplcai rainfall, Hudson (1965), gives the equation: 

K.E = 29.8-127/l 5.6 

Based on measurements of rainfall properties in Zimbabwe, Zanchi and Tool 

(1980) carried out similar research in Italy and obtained : 

K.E^ 9.81+11.25 fog' 5.7 

But all the methods require a continuous rainfall data, which is not generally 

available from the present recording stations of the study area. However, the 
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Foumier's Index (1972): 

R = Pm^/P 5.8 

where Pm is monthly rainfali having highest rainfall and P is tiie mean rainfall in 

mm, can easily be calculated within the limitations of insufficient rainfall records. 

This index is very pqxilar due to its simplicity, but correlation studies between it 

and equation nos. 5.5, 5.6 and 5.7 show that the Foumier's index can hardly be 

used to afi^oxinnate the R factor (Amoidus, 1980). Thus, the FAO/UNEP experts 

(1978) have tried to modify the Foumier's equation (Eq.5.8) in sucti a way, that 

not only the month that receives the highest rainfali but also the average monthly 

rainfall can affect the evaluation of the R factor: 

/?=2'pVP. 5.9 

where pis the av&ra^ rmnthly rainfall and P^ttte annual rairrfall in mm. 

The result again has not been found satisfactory, probably because in the 

FAO/UNEP model, the average monthly rainfall is the only criteria and the 

intensity of the rainstorm is left untouched. Sarkar (1989 b) in his stu(fy of rainfall 

erosivity of Darjeeling Himalaya has modified the FAO/UNEP model in the 

following manner: 

n 

R = EPi^10mm/P. 5.10 

The present investigator has found that the above equation suits best as an 

effective alternative to the existing standard index for the evaluation of rain 

erosivity ( R ) for the study area. An iso-erodent map of the study area has been 

prepared t)ased on interpolation method. Classes have been recognized for a 

better understanding of the geographical distribution of rain erosivity. (figure 5.3) 

Class I: Very Jbigh rain erosivitiy (R = >550): has been recognized along a 

narrow wedge extending in the center of the Balason basin, starting at Ambootia 

and moving in a narrow strip to the eastern extremity of the basin. 

Class n : High rain erosivity (R = 450 - 550): zones are found bordering the 
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RAIN E R O S I V I T Y ZONE OF THE BALASON BASIN 

Figure 5.3-



class I zone on all sides and forms a broader wedge engulfing the former. 

Class III : Moderately high rain erosivity (R = 350-450): forms the outer 

boundary, engulfing the former zones on all sides, with a marked extension 

towards the Panighata and Longview in the south. 

Class IV: Moderate rain erosivity (R = 250-350): zones are observed 

towards the northwestern and southern parts of the basin. 

Class V : Moderately low rain erosivity (R = 150-250): zones are found in 

the north western, northern and extreme southern part of the basin, engulfing 

Chamong, Thorbu, Mirik, Soureni, Seyok in the north western part, Pubong, 

Tumsong, Takdah in the extreme north and Matigara and Khaprail in the south. 

Class VI : Low rain erosivity (R = <150) : is centered around the north 

eastern part of the basin around Kalej Valley, Doteriah, Selimbong, Cedars and 

Dilaram tea gardens. 

The Longview tea estate records very high rainfall (5116.50 mm), the erosivity 

remains moderately high in the order of class III, whereas Ambootia that falls in 

the very high erosivity zone (class I) records a lesser annual rainfall of 3922.51 

mm. The high steep slopes of Ambootia along with the high intensity of rainfall in 

the region within a short period probably accounts for this observation. 

5.2.3. Soil Erodibility: 

Erodibility defines the resistance of soil to both detachment and transport. Soil 

properties are the more important determinants of erodibility, although topographic 

position, slope steepness and nature of disturbances created by man also have 

decisive role Soil erodibility varies with soil texture, aggregate stability, shear 

strength, infiltration capacity and organic and chemical properties. The dynamic 

field oriented methods of Wischemeler and Mannering (1969), seems to be the 

best available method in this regard. The assessment of soil erodibility (K) of the 
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Balason basin has k)een calculated from the soil erodibility Nomograph (figure 5.2) 

of the USLE (Wischemeier, Johnson and Cross, 1971) based on the following: 

i). the percentage of sand, silt and very fine sand (USDA, 1951), 

ii). the organic matter content in %, 

iii). the structure and 

iii). the profile penneability. 

It has t)een found from the analysis that the K value varies from 0.1 to 0.5 in the 

study area. A soil erodibility map has been prepared based on the available K 

value (figure5.4). The following erodibility classes have been identified: 

Class I. Higjti sodl erodibility (K = >0.5): has been identified along a nanrow 

elongated tract running almost longitudinally t}etween the central and northern 

hilly part of the basin, extending through the major valleys and cliff surface, from 

Simripani to south of Dooteriah enclosing Ambootia en route. The high erodibility 

of this belt can be attributed to the coarseness of texture and less organic matter 

content in the soil of the region. 

Class n. Mcxierately high soil erodilMlity (K = 0.4 - 0.5): has been identified 

in an area engulfing the former zone on all side, surrounding Balason, SingtHjIi, 

Marma and Nagri Farm. 

Class IXL Moderate soO erodibil ity (K = 0.3 - 0.4): are found on the fringe 

areas belonging to class II, which includes Tumsong, Pubung, Dooteriah in the 

northern side. Cedars, Margarets Hope, Karsi^ng on the eastem side, Nagri, 

Turzum, Selimbong on the western side, and Makaibari, Rington, Dhajia on the 

southern side. A small pocket is found centered around Matigara. 

Class IV. Moderately low seal erodfltrilUty (K = 0.2- 0.3): occur in the north 

western region around Chamong, Seeyok and Thurbo, around the north eastem 

extremity in Kalej Valley, Sonada and Dilaram. A small section is found in the 

southem side of the basin around Khaprail. 

Class V. Low sfA erodilrility (K ~ 0.1- 0.2): has been identified in a small tract 
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SOIL ERODIBILITY ZONES OF THE BALASON BASIN 

Figure 5.4-



around Simulbari, Marionbari, Panlghatfca and Longview area. 

Class VL Very low erodibJIity (K = <0.1): lies around tiie footiiill and forested 

tract The low to very low soil erodibility can be attributed to the vegetation cover 

that account for a very high organic matter content 

5.2.4. Topographic Erosivity: 

The topographic erosivity L.S of the Balason basin has been determined with the 

help of the following equation which is based on USLE model: 

LS= yiL/100 ( 0.136+ 0.0097.S+ 0.0139.8^) 5.2 

where S is the slope gradient in % and Lis the slope lengffi in mete. 

The highest topographic erosivity (>120) remains confined in a naaow V shaped 

wedge in the center of the region around Amfc>ootia, and in small pockets on the 

nortii eastem part of the study area. High topographic erosivity of 80 and above 

extends in a similar wedge around Nagri farm, Marma, as well as in the 

northwestern part of the study area around Simana, Chamong, Seeyok and 

Thurfcx). Moderate topographic erosivity with values extending from 20 to 80 

endrcles the high topographic erosivity class from all sides. The low topographic 

erosivity with values less tiian 20 is confined to the southem and southeastern tip 

of the Balason basin in the region lying south of Marionbari. 

it is evident from the above analysis that topographic erosivity is direcUy related to 

the nature of the terrain. The higher topographic erosivity values indicate hilly 

terrain as (̂ :>posed to the low values, which indicate the gentiy undulating terai 

plain. Thus, the lower LS values (figure 5.5) are confined to the southem and 

south eastem part of the basin while the rugged hilly areas of the northern, north 

westem, nortii eastem centiBi and east central parts of the study area exhitHt high 

to very high LS values. In the remaining area moderate topographic erosivity 

occurs, where the slope steepness is less. LS factor, thus provides an inventory of 

computatioi for both the potential and predicted soil loss of an area, but does not 

play any critical role in soil erosion mechanism (Hudson, 1971). 
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TOPOGRAPHIC EROSIVITY ZONES OF THE 
BAIASON BASIN 

Figure 5.5. 



5.2.5. Biological Erosivity: 

The combined effects of land cover, land productivity, various landuse, over a 

particular area contribute to the biological erosivity (C.P) of the basin.The 

biological erosivity (C.P) in the study area has been assessed based on the 

parametric rating value as shown in table 5.1 which has been prepared t^sed on 

FAO/UNEP, 1978 model with necessary modifications (Sarkar, 1989 a). A 

biological erosivity map has been prepared (figure 5.6) from the available C.P 

values which also Includes C and P co-efRdent of the USLE. The fbllcwing 

biological erosivity classes have been identified: 

Class I. Very h ^ biological erosivity (CP = >0.4) : occurs in three distinct 

p lac^ of the study area; a), in a narrow central wedge around Ambootia, b). 

around Dilaram, and c). around the Kalei Valley. Heedless deforestation, 

unscientific slope cultivation and other extensive human interferences make the 

region highly vulnerable to soil erosion. 

Class D. IG^ l»<4ogical erosivity ( CP = 0.2 - 0.4) : encirdes the very high 

biological erosivity area along the western fringe with a merited increase as one 

progresses towards tiie eastem s^:tion of the basin and a small strip in the 

southem section around Khaprail and Matigara. 

Class m. Moderate biological erosivity (CP = 0.1-0.2): follows more or less 

the same pattern fringing the class II area but there is a broad extension of this 

zone towards the nortiiern and eastem section extending from Takdah to Oajia 

and Phulbari and in the southem section running parallel to the southem strip of 

the previous class ttetween Simulbari and Marionbari. This extension can be 

broadly attributed to moderate zones in and around the tea gardens. 

Class IV. Low bicdogical erosivity (CP = 0.01 - 0.1) : almost forms a 

complete arc around the previous zones extending across the westem, central 

northern and a narrow strip along tiie southem margin of the study area. 
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BIOLOGICAL EROSIVITY ZONES OF THE BALASON BASIN 

Figure 5.6. 



Class V. Very low biological erosivity (CP = <0.01) : is confined to a small 

centiral wedge around Pankhabari and a very narrow arc extending across the 

w^ tem and northern part of the basin around Sukhia Pokhri-Simana busty and 

Pubong. This is primarily due to the dense vegetative cover. Biological erc^ivity is 

considered to be the most important parameter in quantitative assessment of 

predicted or actual soil erosion in a given area over a given period, because a 

highly vulnerable potential erosion hazard may have insignificant amount of 

predicted or actual soil loss if tiie region is under the cover of dense natural 

forests. 

Table 5.1 

Parametric rating value for different landuse patterns 

SI 
No. 
1. 

2. 

3. 

4 
5. 

6 
7. 
8. 
9. 
10. 

Major land use type 

Virgin forest witti a thick vegetal matter in the 
forest floor 
Natural vegetative cover, i.e. forest, bush, 
permanent grasslands 
Natural vegetative cover I.e. forest, bushes, 
p^manent grassteHids 
Tea garden (\Mett stocked) 
Degraded forests, rough permanent 
grasslands and ĉ her per^niai cover 
DegrsKled to semMlegraded tea garden 
Row crc^, inter tflled oops 
Tenaced odtiv^Bd fi^d 
Root crops such as ginger, potato, cardamom 
Bare soils, cultivated fallow cover 

Percentage 
coverage 

100% 

100% 

50-100% 

100% 
25-50% 

25-50% 
20-80% 
10-50% 
50% 
0 

Rating 
value 

0.0005 

0.001-
0.0005 
0.05-
0.001 
0.05-0.1 
0.05-0.1 

0.1-0.2 
0.2-0.8 
0.2-0.8 
0.8 
1.0 

on FAQ/UNEP, 1978 & Saikar, 1987, 1993. 

5.2.7. Assessment of soil erosion: 

The assessment of soil erosion has t)een based on the quantitative estimation of 

tiie physical factors like the climatic erosivity ( R), the soil erodibility {K), the 

topographic erosivity (L.S) and the biological factors (CP). two kinds of 

assessment have made: i). potential soil erosion based on the equation 5.3 and 

ii). Predicted soil loss based on equation 5.4. 
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5.2.7.1. Tbe potential S(HI erosion 

The potential soil loss is the natural vulnerability of land to erosion, which results 

from the acdon of physical factors w'thout the intervention of biological factors 

Requier, 1980). A potential iso-erodent for the Baiason basin has been prepared 

based on equation no. 5.3. 

The highest potential soil loss is confined to tiie central hilly tract around Ambootia 

where the potential s<wl l<»s has been estimated to be above 10,000 tons h"̂  y'\ 

This excessively high potential erosivrty is due to factors. Including very high 

gradient large slope lengtti, high rainfall, low organic matter content and coarse 

texture of the SCMI. AS one m o v ^ away from the Ambootia regies the potential soil 

loss diminishes very rapidly cm all sides attaining a moderate potential soil loss 

ranging from 500 to 8000 tons/h'^/y'\ However there is a marked decrease 

towards the southern plains as one moves away from the foothills around 

Simulbari and Longview. The main factors for the low potential soil loss (< 1000 

tons/h'^/y'^) are the very gentie gradient over the part of tills basin, very fine 

texhjred soil and a comparatively high organic matter content (figure 5.7). 

5.2.7.2. The predicted or actual S(H1 erosion hazard assessment 

The predicted or actual soil loss has fc>een assessed, t^sed on the potential 

erosivity and the biological erosivity by using the equation no. 5.4. An isoerodent 

map has been prepared by interpolating the soil loss values of different sites 

(figure 5.8). The east centi'al part of the basin have experienced an exceptionally 

high rate of erosion (> 1000 tons/h'''/y''), while, the extreme northern and south 

central parts of the study area have experienced low predicted soil loss (< 250 

tons/h~ /̂y~ )̂. However, for the betisr understanding of spatial distribution of soil 

erosion, the following classes of erosion susceptibility have been put fonward. 

Class I. Excepticmally h i ^ susceptil»]ity zcHie (>1000 tcms/hVy^) : is 
centered around Ambootia with a slight extension towards the north. This 

exceptionally high value of predicted soil loss can be attributed to a large number 
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POTENTIAL SOIL LOSS OF THE BALASON BASIN 
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PREDICTED SOIL EROSION OF THE BALASON BASIN 

Figure 5.8. 



of landslides, prevalent in the area of which the Ambootia landslide has earned 

the notoriety of being one of the largest in India, covering an area of about 2.06 

sq.km. This problem has been further aggravated by the unscientific landuse, 

accelerated deforestation and coarse textured soil witfi less organic matter 

content. 

Class n. Very h i | ^ soil loss zone (750 - 1000 Kms/hVy^) : surrounds 

class I on all sides extending from Nagri farm in the nortfi to Makaibari in the 

south. 

Class DOL H i ^ SCHI loss zcme (SOO - 750 t m s / h V y ^ ) : sunrounds class II 

areas on all sides with a broad extension towards the eastern and western fringe 

of the tjasin. The northern projection goes beyond Turzum, Selimbong, 

Rungmook, Cedars and in the south it extends till Singubulli. 

Class IV. Moderate soil loss zone (250 - 500 tons/h VyO : forms a nanrow 

strip around class III on the southern, eastem and westem side. 

Class V. Low susceptibility zone (50 - 250 tons/h VyO: forms an arc in the 

westem, northem and a very nan-ow strip in eastem section of the region, that is 

from Chamong, Pubong, through Takdah and t>eyond Dilaram. A narrow band 

also occurs in the southem section running in a west to east alignment through 

Panighatta to Khaprail and Matigara. 

Class VI . Very low soil loss zone (< 50 tons/h Vy^ ) : has been iderrtified 

along a broad v^dge in the south eastem section of the tiasin around Longview 

and Simulbari, (X)vering the foothills. The soil loss is less due to gentle undulating 

slopes with a dense vegetation cover. 

5.3 Strategies fo r Scnl Erosioa Cont ro l 

Soil conservation aims at obtaining the maximum sustained level of production 

from a given area of land while maintaining soil loss t}elow a threshold level 
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(Morgan 1979 &1986).The maximum acceptable rate of erosion is known as the 

soil loss tolerance, which has been estimated by various scientists as ranging 

betNA^en 0.01 in semi desert environments to as high as 1.0 mm / y'̂  in certain 

areas of humid tropics and humid temperate environments. (Douglas, 1976; 

Holeman, 1968; Zacher, 1982). Sarkar (1991) has estimated 0.3 mm/y"̂  soil loss 

as the uppermost limit for permissible soil erosion in the Darjeeling Himalaya.^ 

Table 5.2 

Impact of conservatioii measures in soil erosion mechanism 

Conservation measures 

A. y^ronomic measures 
i). Covering soil surface 
U). Increasing surface roughness 
ill) Increasing surface depression 

storage 
iv). Increasing infiltration 
B. Soil management 
i). Fertilizer application 
11). Manuring 
iii). Drainage 
C. Mechanical measures 
[). Contouring 
ii). Terraces 
iii). Shelteft>elts 
iv). Watenways 

Rainsplash 

D 

o 
* 

+ 

* 

+ 
o 
+ 

* 
* 
* 
* 

T 

o 
* 

+ 

* 

+ 
o 
+ 

+ 
+ 
* 
* 

Runoff 

D 

0 
o 
o 

+ 

+ 
o 
o 

+ 
+ 
* 
* 

T 

o 
o 
o 

o 

0 
o 
o 

o 
o 
o 
0 

: no control; + = moderate control; o = strong control; D = Detachment; T= transport. 
ModHed from Voetbag, 1970, Morgan, 1986 

The strategies for soil conservation must be based on covering the soil to protect 

it from raindrop impact, increasing tiie infiltration capacity and increasing surface 

roughness to reduce the velocity of transport phases of erosion (table 5.2). 

Soil conservation schemes must be well designed if they are to reduce erosion 

effectively. Their ultimate success dqsends on how well the nature of erosion 

problem has been identified and suitable conservation method selected. The 

various soil conservative measures effective for the present purpose may be sub­

divided into three major groups: i) agronomic measures, ii) soil management and 

iii) mechanical mettiods. 
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S.3.1 Agronomic measures: 

Plante differ in their effectiveness in protecting soil from erosion because of 

differences in their density and morphology. Generally, row crops are least 

effective and give rise to the more serious erosion hazards. In designing a 

conservation strategy based on agronomic measures, row crops must be 

combined with protection effective cover crops in a logical cropping pattern. Of the 

various agronomic measures, cover crops, strip cropping and mulching are 

important and are recommended as protective measures against soil erosion in 

the Balason basin. 

5.3.2. Sool management: 

The aims of soil management are to maintain the fertility and structure of the soil 

because fertile soil results in high crops yield, good plant cover and therefore, in 

conditions which minimize the erosive effects of raindrop and mnoff. In tiie study 

area, good soil fertility can be achieved by applying organic matter because it 

improves the cohesiveness of soil, increases water retention capacity and also 

promotes a stable aggregate structure. 

5.3.3. Mechanical methods: 

The mechanical methods are used widely to control the movement of water and 

the dedslon which is to be adopted, depending on whether the objectives is to 

reduce the vdocity of run-off and increase surface water storage capacity or 

safely dispose off e x c ^ water. All mechanical should be emf^oyed in 

conjunction with e^ronomic measures. Of the various mechanical meUiods, 

contouring, contour tmnds, terraces and waterways are recommended in the 

study area. 

5.3.4. Proposed ccmservation schema 
The assessment of soil erosion in the Balason basin reveals that the soil is highly^ 

erodible and when environmental factors are conducive, very high rates of soil 
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PROPOSED SOIL CONSERVATION SCHEME 
FOR THE BALASON BASIN 

Figure 5.9. 



erosion occur. Moreover, the climatic conditions of the region is such, that a rapid 

decomposition of parent material has taken place which also accelerate soil 

formation. Keeping these two factors in mind, the present investigator has 

proposed a target of 0.5 kg/m'̂ /y'̂  or 5 ton / h'̂ /y'̂  or 0.3 mm/y'̂  of soil loss be 

accepted as the permissible limit (table 5.3). 

Table 5.3 

Conservation measures pr(qx>sed for different 
SCHI erosicm classes 

Major 
erosion 
dasses 

VI 

V 

IV 

III 

II 

1 

Rate of soil 
loss in tons / 

BefowS 

5 to50 

50 to 250 

250 to 1250 

1250 to 2500 

At>ove 2500 

Level of 
conservation 

None to 
negligible 

Low 

Moderate 

High 

Very high 

Exceptionally 
high 

Recommendeci ocxiservation measures 
to t>etaicen 

No immediate c(^)servati(Kial measure 
is needed except careful crop 
management 
Cover ax>ps, crop rotation, sbip 
cropping, oontxxjr bunds along with 
s u ^ i ^ waterways 
Cover cPE^s, rrH^ching organic matter 
application, retention and b^ich 
terracing; diversion channel and cross 
waAi^ways are required 
Cover crops, muk^ng, ladder and 
bendi terraces, watenways, stonm 
v ^ e r disposal systems along with 
siope stabHtzaton 
H « « aH po88it>le agrorK>rT»c, 

mechanicaf and soil management 
methods should be adopted 
simultaneously. Plantation of quick 
growing plants and intensive root 
spreading grasses, mulching, bench 
terraces, applicatiOTi of geo-wire , 
suitatvie waterways along ^ t h 8k>pe 
stsdsiiization works should be applied 
Agriculture should ncrt be allowed in 
such areas. They shoukJ be kept under 
natural cover i.e. permanent grass or 
forest. 

5.4. Ccmdiisiaa 

The Balason basin, surrounded by forest-dad hills attracted human settlements. 

As these settlements grew, the acute human interference through the heedless 

destruction of the forest cover has had its toll on the natural landscape. The 

degradation of the forest cover with increasing population pressure has elevated 
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the natural soil erosion nnanifold. The complete severance of the fertile topsoil has 

gradually led to the loss of fertility and the natural regeneration of the forest cover 

has dwindled. Thus, the compactness of the soil of the study area has been lost 

and this has led to various environmental hazards. 

The worst affected area lie in the central parts of the Balason basin. This area is 

deforested and characterized by skeletal soil and very steep slope (>30°); and 

needs immediate conservation measures recommended in table 4.4. Special 

attention must be given to areas along the roads, railways, tea gardens, 

agricultural ten-aces and existing settlements. Large-scale afforestation, with 

suitable tree species, along with terracing and drainage facilities is necessary to 

check massive soil loss. The southern parts have shown very low to negligible soil 

loss, below t|5 tons/ h"Vy'\ This amount is below the upper limit of the permissible 

soil erosion, thereby, no immediate conservation measures are required. 

Agronomic measures should be given a priority over ail other measures, as it is 

less expensive and deals directly with reducing raindrop impact, increasing 

infiltration, reducing run-off volume and decreasing water velocity. Other 

measures, nnentioned above, should then be implemented without further delay, to 

save the basin from massive destruction. 
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CHAPTER 6 

LANDSLIDE : PROBUEM AND STRATEGIES FOR ITS CONTROL. 

6.1. bitroductjoii 

Landslide is the most pervasive of natural problems that undermine the economic 

and cuHurai development of Oarjeeling Himalaya in general, and the Baiason 

basin in particular. Chrortological studies reveal that there has k>een a sharp 

increase in the rate of devastating landslide since 1849, leading to great loss of 

life and heavy damage to land and property. The situation has further deteriorated 

in recent years, the last two decades having witiiessed as many as 42 devastating 

landslides in the Baiason basin. 

Extensive heedless deforestation, tea plantation, haphazard construction and 

inadequate drainage have led to the establishment of a vicious cycle of 

degradation. Heavy and concentrated rain^ll aggravates the problem further. At 

present, therefore, suggestion of remedial measures and their active 

implementation is of vital concern, both for the region and the nation as a whole, 

for the preservation of delicate ecological balance and geo-political stability of this 

exti-emely sensitive region. 

A number of case studies on landslide and associated problems of the Oarjeeling 

Himalaya have been carried out at both personal and Government levels from 

time to time (Griesbach, 1899-1900, Ghosh, 1950; Nautiyal, 1951 and 1966; 

Dutta, 1966; Sondhi, 1966; Ray & Senshamna 1967; Basu, 1969-1970; Paul, 

1973; Sinha et al 1975; Venna, 1978; Basu and Saricar, 1985 and 1987, 

Froehlich, et al, 1991, Sarkar, 1999). The present investigator has attempted to 

identify the landslide prone areas, to provide corrective measures and to ensure 

an all round protection against the menace. Suitable case studies have also been 

undertaken. 

The methodology employed in this study comprises of tiie quantitative 
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detemnination of instability factors of slope, analysis of slope materials, geological 

structure and geomorphological processes, together with the study of human 

interference. Survey of India topographical maps (1:50,000), have been used for 

preparing the detailed groundwork for the present study. Detailed geological maps 

published by the Geological Survey of India, have been consulted to collect the 

relevant infbrmation about the lithology and structure. The identification of the 

landslide prone areas has been done with the help of a checklist Afber studying 

the location of the landslide prone area, the investigator has selected a fiew 

landslides for detailed analysis. 

6.2. The Occiurences of Landslides 

With rapid modernization, the Balason basin at present is experiencing a 

phenomenal growth in population (456% during the last hundred years in the 

Darjeeling hills). To cater to such an overwhelming population increase, pressure 

on the land is ever increasing. Foreste have gradually been eliminated, steep 

slopes generally unsuitable for human habitations and arable use, have already 

been occupied. As a result, the sfaidy area has, of late, tumed into a highly 

vulnerable region, without paying any heed to its ecological imk)alance. 

From the available records (Griesbach, 1899-90), it may be said that the first 

recorded disastrous landslide occurred on September 24*''. 1899, following 

unprecedented rainfall and caused the loss of 72 human lives within Darjeeling 

town and many unconfirmed deaths and widespread destruction of property, in the 

sunrounding areas. Many episodes of disastrous landslides occurred during the 

following years (Ghosh, 1950; Naut i l i , 1951,1966; Paul, 1973; Roy & Sen 

Shamria, 1986; Sart<ar, 1999). 

Since 1980 onwards, K has fc)een found that almost every year, some parts of the 

t>asin have t)een suffering from major or minor landslides. Landslides have 

beconrfe an integral part of the life of the hill people (Sarkar, 1999). Table 6.1 and 

figure 6.1 show the major incidences of landslides and their impact in the Balason 

basin. 
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Table 6.1. 
Dccuirences of major land^des in the Balasoa basin 

M ^ r events and ramfai\ 
S^>ten4>er 24" -25" , 1899 
Ran^H: 1065.5 mm. 
From September 22^ to 
25* 

January 15". 1934. 
BStar-aengal esrthqudte. 
June 11" and 12", 1950 
R^#e«: 8^.0 mm. 
From June 11* -13* . 

Octol)er3"' to5". 1968. 
Rainfall: 1121.4 mm., 
FromOctober2'^ to5* . 

Septembers" to 4" , 1980. 
RainfaH: 299.1 mm 
From September 3"* to 5* 
September 16". 1991. 
RaintiaU: 462.5 mm. 
From September 15* to 
16* 
July 13". 1993. 
Rainfalf: 211.3 mm., 
From July 11* to 13* 
August 10". 1993 
Rainfall: 115rran., 
August 8 * -10 * 

August 26", 1994 
Rainfall: 56.3 mm. in 1 hour 
35 minutes 

July 15", 1995 
Rainfall: 25.5 mm in 48 
hours 
Ju^13*to15* 1995 
14* July. 1998 
Rainfall: 76.4 mm in 24 
hours 
July 13*-15*. 1998 
2™". September, 2000. 

Rainfall: 54 cm. 
30* Aug.-2"* Sept.. 2000 

15" September, 2000. 

Continuous rainfall on 14* 
and 15*. September, 2000. 

AffBdedarea 
Karsiyang. Ghoom. Tmdharia. 

Sonada, Sukhiapokhri. Karsiyang. 

Ttnd^ham, Karsiyang eito, and the 
hiH remain cut-off from the rest of 
the country for five days 

Amtx)otia. 

Sukhiapokhri. Sonada, Tindharia, 
Ambootia 

Tindharia 

Rangtong, Tindharia, Panldiabari, 
Ambootia, Gayabari etc. 

Kalimati Landslide, Tindharia, 
26.5 km from SHiguri. left hand 
skie of Tenzing Norgay Road 

Hill slope on the right side of 
Tenzing k̂>̂ gay Road, 4.2 km 
firom Karsiyang towards 
Darjeeling 
HSI stope, 1.5 km north of Mink by 
the right side of the Siliguri Mrrik 
road. 

Hill stope and crest at Panl^abari 
approximately 3.6 kms from 
Karsiyang 

Neezgoan and Payundana 
Division in Oaks Tea Estate, 
Sonada 

Bangsghari landslkie at 
Margarets Hope 

Retnaaks 
72 lives tost in DarjeeUng tomi. 
HfXises along the eastern 
^lofms and atong the 
Observatory hiH were nK>stly 
destroyed. 
Few destruction were reported 

127 lives lost, tiiousands of 
people were rendered 
hometess: sTKles breached 
many arterial roads. 

Hill Cart road and N.H. 31 
were completely wiped out 
heavy tose of life and property 
espedtrily in Ambootia. 
Over 215 ttves lost, property 
amounting to Rs.lOO million 
destroyed. 
2 people killed. Rail connection 
between Siliguri and Darjeeling 
was snapped for five months 

15 lives lost at Mongpu. 

Darje^ing Himalayan Railway 
line and T.N. Road disrupted 
for a ooi«>le of days. (This was 
the reactivation of tiie landslide 
that began in Sept 91984. 
Traffic between Karsiyang and 
Daijeeiii^ disrupted. 

Road link t>etween Mirik arwl 
the hospifal was disrupted. 

Communication between 
Karsiyang and Darjeeling was 
disrupted. 

About 3000 matured bushed 
were washed away, 31 latxnir 
houses were completely 
demolished at Neezgoan and 
Payundara. 
The Bangsghari labour village 
was cut off from the rest of the 
garden. 15 families were 
shrfted to nearest rescue 
shelter This landslide was 
dormant for past years. 
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6.3. Nature and Processes: 

An intensive survey of major landslides in the study area revealed certain 

topographic, geological and landuse influences. Table 6.2 and figure 6.1 shows 

the intrinsic influences exerted by these factors. 

Table 6.2. 

Landslides registered in di^erent gecdogical, topografdiical and 
land-use types 

Rocks 
types 

Sandstone 

Shale 

Phyllites 

Schists 

Slate 

Felspathic 
rocks 
Granite & 
gneiss 
Complex 

Not known 

Number 
of 

sUdes 
3 

2 

12 

10 

1 

1 

6 

5 

2 

Slope 
angle 

and length 
>50» & > 
500m 
>50<» & < 
500 m 
40" - 50° & 
>500m 
40«'-50°& 
<500m 
30» - 40" & 
>500m 
30° - 40° & 
<500m 
20°-30° & 
>500m 
2(y - 30° & 
<500m 
10° - 20° & 
>500m 
10° - 20° & 
<500m 
Below 10° 

Number 
of 

slides 
8 

4 

11 

7 

7 

2 

1 

1 

1 

0 

0 

Land-use 
types 

Banen& 
nodcy 
Barren & 
talus 
Degraded 

Graang 

Tea garden 

Arable land 

Urban aneas 

Semi-urban 

Rural 

Construction 
Sites 
Dense natural 
forest 

Number 
of 

sUdes 
0 

2 

5 

1 

7 

6 

1 

2 

3 

13 

2 

Relief 
types 

Ridge 

Spur 
(upper) 
Spur 
(middle) 
Spur 
(lower) 
Valley 
(upper) 
Valley 
(middle) 
Valley 
(lower) 
Along 
streams 
Complex 

Number 
of 

sMes 
0 

6 

5 

1 

3 

4 

6 

12 

5 

Generally, deforested tracte, tea ganjens, urban and other settled areas are more 

susceptible than the natural forested tracts. Geologically, the Daling rocks 

(phyllite, slates, schists, feldspar etc.) and Damuda rocks (sandstones, shales, 

etc) are more susceptible to landslide. 

Landslides occur on almost all ̂ ^es of slopes, which are composed of various 

rocks in the Balason basin (table 6.2) Composite slides also take place, involving 

soil or talus and underiying rocks. Slope fiailure is caused by shearing, where the 
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plane of shears, taking the form of an arc of a circle in section leaving a parabolic 

outline of the slipped portion (Dutfca, 1966). The most common occurrence of 

landslide is found along the spring (locally known as Jhora), where rock debris 

gets detached finom their parent body along the slope and fbnri channel. 

Such channels, later, while canrying drainage M»ter, are gradually widened by 

lateral erosion. Innumerable nalas (drainage channels) on hill slopes develop due 

to slope failure and many landslides in tea gardens and for^ts exhibit scars firom 

a distance. 

Landslides on rocky surfaces seem to be primarily influenced by the structural 

elements of the parent rock. Sliding also occurs in bedding and foliation in rocks 

with prominent joints and shear planes along the slope. 

Observations in the soil-covered slopes reveal that slopes having angle below 30*̂  

were not generally affected by slides. The talus materials are fonrted due to the 

weathering and loosening of rocks along the joints and foliation planes of the 

parent rocks. Such materials when dry or in permanentiy drained state, are stable 

at an angle of even 45*» and the stability are not necessarily impaired by 

occasional wet spells. Slope failure in such materials, however, occurs by 

seepage pressure of percolating water during heavy precipitation. 

The tea garden slopes are generally fonmed of talus materials with thin soil cover. 

Most of the slides have aflfiected tiie materials, but at some places, slides along 

the joints of undertying rocks have also been observed. Generally, the displaced 

materials scour long channels down the slope, which are visible as scratched 

scars on hill slopes. The widtii of these scoured channels originally does not 

exceed more than 25 metî e or so, but they are furtiier widened by subsequent 

erosion. Thus, once landslide occun^ed, it generally remains a permanent feature 

and increases in dimension. 

6.4. Major Types of Slope Failure 

The Baiason basin exhibits a great variety of landslides from small terracettes, 
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indicating soil creep, to larige landslide i.e. the Ambootia landslide - the largest in 

India. It has been observed that each landslide is peculiar in itself, therefore it is 

important to organize these various types of slope fiailures into f&M major types for 

better understanding. The following are the important types of landslide and 

related slope instability that has been recognized in the study area: 

6.4.1. Creep may develop on the slope fomned of unconsolidated materials such 

as residua! soil or rock debris. Creeping is found to occur most frequently in 

areas composed of former landslide debris. The study area peases many 

types of field evidence to show the existence of creep including outcrop 

curvature, tree curvature, tilting of structures and cracks. Creeps are found 

near Rongtong, Toong and Tindharia (photo 6.1). 

6.4.2. Sheet slides are denoted by the displacement of shallow slope debris, and 

weathered materials on the surface of the bedrock (Zaruba, 1982). This 

type of slide can be of large areal extent, but they are generally of small 

thickness, not more than a metre. The disturt>ed slopes can exhibit several 

stages of instability, ranging from the initial Assuring of the surface layer to 

advanced forms, with several generations piled one on top of another. 

Sheet slides generally occur after a heavy shower. A typical example of 

such sheet slide is found at Gourigaon Railway Colony at Tindharia. 

6.4.3. Soil slips occur in small magnitude mainly along the lower slopes. Such 

slips are very common and are found almost everywhere within the study 

area, particulariy in Bamonpokhri along the Rakti river, which is an 

important tributary of the Balason. 

6.4.4. Debris slides are more extensive and occur on a large scale. These 

slides are quite common and devastating as well. Debris slides occur along 

the weak plane, even when they have gentler inclination than the angle of 

sliding frictions due to the reduction of cohesion and the rise of plezometric 

head. Most of the slides found in the study area are of this type. Ambootia 

landslide, Mirik landslide etc. are the examples. The materials involved in 
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debris slides are a mixture of soils and rock fragments. The debris collects 

at the foothill or the base of the valleys and fomns tongue- like talus cones. 

6.4.5. Slimq> generally has curved failure planes, and involves rotational 

movements of soil and rock materials. Slumping along many roads within 

the study area may be either due to the removal of basal support by water 

action or by overioading. Another potent cause of such slumping in the 

urban centre is due to human carelessness i.e. leakage of water pipe line 

etc. Perhaps, the best example of slumping is found near Karsiyang town 

along the Hill-Cart Road. 

6.4.6. Mud-rock f l o ^ found in the study area, are confined to the slopes, 

formed of talus material and where the slope angle is more than 30** due to 

seepage pressure of percolating water as a result of heavy rainstorm. After 

a slip starts, the saturated material rushes down, transporting big blocks of 

rock and, eroding its own channel. These are known as mud rock flows. 

This type of landslide is very common in and around the Lower Balason 

Basin, particulariy along tiie natLinai and artificial waten^rays (photo 6.2). 

6.4.7. Debris f low is another common form of landslide, found in the Balason 

basin. During heavy and incessant rainstorm, over-saturation of slope 

materials causes liquefaction. The slope materials i.e., debris rush down-

slope very rapidly under the influence of gravitational pull. Debris flow often 

causes heavy loss to human life and property. Landslides around Tindharia 

and Marma valley are typical examples (photo 6.3). 

6.5. Identiiicatioii of Landslide Prone Areas 

In order to identify landslip-prone areas, it is relevant to distinguish between the 

environs and the site. Those environs where landslips may be expected to occur 

have been identified from 1:50,000, Survey of India topographical maps (Sheet 

Nos.: 78A/4, 78A/8, 78A/1, 78A/5 and 78B/6).), along witti the Geological Survey 

of India maps and from the past incidences. Site on the other hand, refers to the 
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exact location of a particular landslip along a specific slope. The present 

investigator has attempted site analysis using checklists that enables a systematic 

consideration to be given to tiie main factors associated with landslides, at each 

site under investigation. 

In the present study, however, the excavation position and depth, drainage 

diversion acrx>ss the hills, loading of the upper slopes and valleys, cutting up of 

basal support, unsdentilic construction, tenractng, defor^tation, legadesfromtiie 

past siqse movements, relief, drainage, materials eto, have been accounted for in 

the 'check-Hsf (appendix 6.1). Data for such investigation has been collected from 

the direct field observations as well as from otiier secondary sources and a map 

of the landslide prone a r ^ s has been prepared (figure 6.2), in which ttie following 

zones have t)een identified: 

Class L Exceptionally high landslide prcHie area: 
This zone extends in a nanow elongated patch in a north-south direction over the 

middle part of the hiil tract and extends towards the cistern t>oundary of tiie basin 

towards Tindharia. The area is mostly composed of Dalings and Gondwana group 

of rocks. In these areas landslides are very common, and almost every year, after 

every tonential rain, these tinacts experience silps. Ambootia - one of the biggest 

landslides of the countiy, is situated witiiin this tie\t The ottier importent sikles of 

this belt are located in and around Makaibari-Singell area. Occurrences of 

landslide in these area are of greater concern, because, not only do they cause 

heavy damage to land, property and human life, but they also disrupt the 

communication link between the surrounding villages and the NH - 51 - the life line 

of the entire Daijeeling Hills. In this zone, there e)dst 32 active landslides, covering 

an area of about 1.021 sq. km. 

Class U: High landslide proi^ area: 
The zone of high susceptibility surrounds the previous zone. Much of the settled 

areas, tea gardens, most of the hill slopes, valleys witii moderate forest cover are 

categorized as the high slide prone area. These are areas where slips occur for 

more than 2-10 times in ten years. Steep slope, high rainfall and unscientific use 
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LANDSUDE PRONE AREA OF THE BALASON RASIN 

Figure 6.2 



of the slope which are composed of highly weathered rock, often make this region 

highly susceptible to slope failure. Occurrence of slide is common in these areas 

due to severe deforestation and this often causes heavy damage to tea gardens, 

settlements and arable lands. Gayak}ari tea estate falling within this zone 

exemplifies such a case. 

Oass ID: Moderate landslide prone area: 
This zone extends in a north-south direction, in the eastem and westem parts of 

the hilly area. Bare rocky slope surfaces in some places, along with the severe 

human interfisrences through unscientific terrace cultivation, and improper 

construction activities are tiie main factors for moderate slope failure in this 

region. 

Class IV Low to ne^ îgible landslide prone area: 
The entire southem part of the basin has gently sloping to rolling topography and 

the extreme nortiiwestem comers with dense vegetative cover are categorized as 

the low to negligible slide susceptible zone. These areas may be treated as stable 

and/or safe zones. 

6.6. Case study of Pankhabari landslide 

From the foregoing analysis, it is apparent that many parts of the Balason basin 

have been experiencing devastating landslides. To apprehend the exact nature of 

this menace and to understand the mechanism of such failures, the investigator 

has tried to undertake two case studies, selected from different environmental set­

up. The study, though having a few unique features, may yet seem to be 

representative of the landslide of the study area, nearly everywhere, as human 

need and greed accelerated slope feilures. 

On the 14*̂  of July 1998, the hill slope and crest at Pankhabari, approximately 3.6 

kms from Karsiyang along tiie Pankhabari Road (leading from Siliguri to 

Karsiyang), vmtnessed a massive landslide that crippled communication for 

several days (figure 6.3). An intensive survey and field investigation was initiated 
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by the investigator to apprehend the exact nature of the menace and to 

understand the mechanism behind the massive slope failure (photo 6.4). 

6.6.1. Factors of Instability 

6.6.1.1. Geologica] factors: 

The area taken up for the case study is chiefly composed of slightly altered 

sedimentary rocks of Gondowana formation (Damuda Series), in which sandstone 

and shale are noteworthy, showing varying depths. Above the sandstone, altered 

metamorphic rocks of the Daling formation, notable among which are quartzite, 

philites, slate and mica schist are found. In the study area, it was found that the 

slightly recrystallised, coarse-grained sandstone is characterized by deformation 

that destroyed the clastic texture and the intense granulation along the ramifying 

narrow zones of fractures. The nocks show an inclination that is generally steep 

towards the roadside and the effect of weathering is conspicuous on the local 

rock. 

Ve r t ^ l cracks within the rocks result due to both diurnal and seasonal ranges of 

temperature, that leads to altemate expansion and contraction. The vertical cracks 

are conspicuous especially along zones of weakness. Thus, solid masses of 

horizontal beds of rocks disintegrate into blocks. Added to this, the high amount of 

rainfall leads to large amount of water seeping through the pore spaces of the 

coarse textured sandstone, which in tum help to decompose feldspar to form 

kaolin, that acts as lubricant tor further sliding down of rock materials. 

6.6.1.2. PedolQgical Factors: 

To comprehend the nature of the topsoil as a factor of slope instability in the slide 

areas, a number of soil samples were analysed. The analysis reveal that the 

physical characteristics of the soil of the study area is interesting in the sense that 

at the apex of the slided zone, vulnerable conditions have naturally developed at a 

depth of 30-40 cm, below Vne surface, where clay predominates witii a good 

amount of organic matter, high water holding capacity and volume expansion. 
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6.6.1.3. Chaoges in tibe vê êtaticHi cover 

The local inhabitants have converted the apex area, into terraces for cultivation, 

after clearing down the forest cover. These terraces are unscientific, bemg seldom 

laid along the contours and are not reinforced by protective retaining walls. The 

cultivation of root crops like potato, ginger, radish carrots eto. that are uprooted 

during harvesting leads to the disturt)ances of the cohesiveness of the soil, thus 

making it vulnerable to eft»ion. The exposed slopes, stripped of proper vegetetive 

cover when subjected to heavy and continuous rain becomes susceptible to botii 

sheet and gully erosion; thereby becoming easy prey to catastirophic slope wash. 

6.6.1.4. Effects oi rainfall and infiltraticHi 

Rainwater percolation through the joints, cracks and pore spaces of the soil and 

the regolith, leads to the increase in the hydrostatic pressure wittiin the soil and 

thus changes the consistency of the soil. The intemal friction thus develops, leads 

to the loss of cohesion in between the particles. With the onset of the heavy 

monsoons, rill cutting as well as gully erosion begins, and soon, the run-off 

concentration, through these denuded portions, becomes the dominant agent of 

soil erosion. 

6.6.2. Mcnphology oi the Pankhabari landslide 

A detailed morphological account of tiie pre and post slide conditions of the study 

area is tabulated in teble 6.3. 

6.6.3. Siumnary 

The increase in human population in tiie later part of tiie last century, led to 

unscientific and heedless deforestation, to make room for tea plantations, 

settlements and terrace cultivation, roads eto. The establishment of a new metallic 

road between Siliguri and Darjeeling led to large scale slope cutting. 
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Table 6.3, 

Morphological features of the Pankhabari landslide 

Pre-sttde conc^ions 
a). Rocks: Moder^ i^ to 

h^jMy decomposed 
jtMnled phyl^es, inter-
bedded w ^ very thin 
mk» layers, dipping at 
20«NNW 

b). MObaOB: 82Qm. 

c). Sope: Convex 60° 

d). Raiftfinil: 386.98 mm 

e). (tatinal Vegetation: 
Scattered bushes, shrubs, 
t>amt)oo groves arni dense 
forest. 

f). Landuse: intensively 
cultivated tenrace at the 
apex of the slide zone, 
lower slopes unutilized. 

g). Soil Colour. 
Top . 7.5 yr 3/2 
IWidd(e:7.5yr3/4 
Base : 5.0 yr 4/3 

h). Soil is temporarily 
saturated with water. 

Post-dide Conctttions 
a). IjBngth: 47.3m 
b). Width : Maximum 22.1m 

Minimum 12.6 m 
Avera^ 17.35m 

c). Deptti: Maximum: 1.5m 
Minimum: 0.5m 
Average : 0.9m 

d). Shape: Rectangular 

e). Total A rm: 799 sq m. 

f). Total Voiunne of displaced 
materials: 1118.6m^ 

g). Proce^tes fwimarily 
responslbie for the slide: 

• Removal of the basal 
material by toe erosion 

• Spontaneous 
liquefaction due to 
heavy raNifiall provide 
the so called 'trigger 
mechanism'. 

h). Modified Slope.Concave 
55°-60° 

i). Type of slide: Debris slide 
and certain soil slip. 

J). Special features: A very 
prominent stream has 
developed on the slopes 
being sided by the dip 
direction of the country rocks. 

Compiled by the investtgaf 

Remarlis 
Ttie displ^sed materials 
temporarily disrupted tfie road 
conrtection between SHiguri 
and l ^ r s ^ n g (albng the 
Pani(hat>ari road). 

It endangered ttie terraces 
used for cuitivalion at and r»ar 
the top of ttie slide area. 

tt is recommended that the 
construction of a protective 
wall with adequate drainage 
should be carried out 
immediately. 

Further vegetation cover 
should be erected. 

or during field survey on 28" Nov. 2000 

The construction further led to the increase of the steepness of the slope. The 

cutting of basal support for tiie construction of road, settlements, and arable 

terraces without proper drainage may be treated as causative factors of the 

Pankhabari landslide. Adding ftjrther heavy vehicular movement through this 

metallic road may add to the disturbance of the underiying rocks. 
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Thus, the area of the case study, that has been over-steepened by both natural 

and human interferences, has reduced its inherent stability significantly. During 

the monsoons heavy rainfall increase the pore water, and the pressure thus 

developed leads to upward movement of pizometric head and this ultimately has 

led to the occurrence of the slide. 

6.7. Case Study: Ambootia Landslide 

The incessant and torrential downpours of 3"̂  to 5^ October 1968, left behind a 

legacy and a landmark in the Balason basin, a gaping scar in the fomn of the 

Ambootia landslide, one of the biggest in the county. Located on the left side of 

the Balason river, only 4.5 km from the Himalayan margin, tiie landslide was 

initially only a shallow khola (channel), along the southem margin of the Ambootia 

tea garden, very close to Karsiyang town. The landslide itself starts about 200 m 

below the ridge, rising 1350 m a.s.l. and runs 625 m down the Balason valley. The 

specific feature of this landslide valley is its form and close co-operation of 

gravitational processes and linear down cutting, which are continuously active, in 

contrast to other stabilized smaller landslides (Froehlich, Staricel, Kasza 1992). 

6.7.1. Morphology 

The Ambootia landslide valley extends for 1300 m in length. At an elevation of 

1065 m.a.s.l, the upper niche begins, while at an elevation of 480 m. below 

cascading waterfalls, the fan zone begins, (figure 6.4).The maximum width of the 

landslide reaches 625 m across the central portion and the totel area occupied by 

the landslide is approximately 56.5 hectare. The scar deptti increases from 10-20 

m in the upper part to 200-270 m in the middle and drops to below 100 m in the 

lower part The form of the landslide has acquired the shape of a gully-canyon cut 

in bedrock with a perennial creek. It is characterized by high gradients and water 

falls with a drop of 15m. Mass movements are continuously modeling and 

remodeling the unsteble slopes. The side valleys are filled with debris flow 

masses. This continuously growing form has engulfed an area of about 2.5 km in 

1999. 
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According to Froehlich & Starkel (1992), the Ambootia landslide valley has a very 

complex character and shape. The uppermost part is worked by slumping and 

sliding upto 10-20m deep. Frequent and active cracks often accompany niches. 

Dip slopes, Inclined at 25-45° at the left have straight or convex profiles. Bare 

rocks are exposed on the upper sections of the landslide, while the lower sections 

exhibit inactive revegetated fragments t)etween creeping block fields. 

It may be pertinent, at this point to note that the floor of the main gully is changing 

every year. The colluvial fan, 100m wide and 15-20 m high, tiiat was created by 

tiie October 1968 rains has often been transformed by the frequent debris flows 

and rock avalanches and by the landslides of 1983,1988, and 1989 (Starkel et al, 

2000). 

6.7.2. Factors of Slope failure 

There is no doubt that the Amtxx)tia landslide is a big complex form, accentuated 

by long lasting mass-movements, differentiated in space as well as in time, its 

continuity and extension can be contrit)uted to a number of factors like: i). 

geology, ii). hydrology, iii). climate and iv). anthropogenic interruptions. 

6.7.2.1. Geology 

The Ambootia region is built of gneisses , mica schist, chloritic schists ete. 

belonging to the Darjeeling group (Helm & Gansser, 1939). These rocks exhibit 

changeable bedding with inclinations of 30°-50° towards N - NNW, with a high 

density of deeply weattiered joints. The pre-landslide slope consisted of 3 parts. 

The upper portion inclined at 15«* - 25" \fl«s dismembered by shallow depressions 

and one deeper hollow (to the north). The middle flat part elevated at 900 to 950 

m a.s.l. was occupied by colluvial fan inclined at 13" - 6", towards W and NW built 

of 30 m thick silty-sandy deposits with gravel and stony layers. The lower portion 

formed steep valley sides dissected by a shallow side valley 30-100 m deep. The 

existing landslide is bare or covered t>y pioneer vegetation with several trees. 

102 



The region around the landslide zone is composed of thick silty and sandy regolith 

with depths varyng between 1 - 5 m. The lower sections of the colluvial fan have 

loose deposits upto 30 m, including gravel and stony layers as well as silty-clay 

impermeable horizons. 

6.7.2.2. Oimatic fact(»-

It has been observed that the most catastrophic landslide in the Darjeeling 

Himalaya, have been initiated by continuous, torrential downpours lasting 2 to 3 

days, usually in tiie monsoon season. Between the 2"** and 5**̂  day of October 

1968, Ambootia recorded a rainfall of 890 mm, while the corresponding rainfall 

recorded in Darjeeling for the same time period was 600 mm. These heavy rains, 

continuously feeding the ground water reservoir, coupled with the positioning of 

Ambootia at an elevation of 900 m, in the valley crossing the first marginal ridges 

of the Himalaya, directly on ttie pa^ of the incoming humid air masses from the 

Bay of Bengal, Increased the susceptibility of tiie region and led to tiie initiation of 

the landslide. 

6.7.23. Hydrological Factor 

The Amt>ooti'a valley has a numt>er of springs and perennial streams, with 

discharges varying from 0.2- 0.9 litre/sec. Various seepage points can be detected 

in tiie region. In 1991, Froelich and Starkel estimated that tiie regolitii (mainly 

sandy silts with 10% clay content overiying deeply jointed rocks) could absori^ 100 

mm of rain in 3025 minutes. The daily rainfall exceeding 300 mm is a threshold 

value for the hydrologic capacity, leading to and intensifying tiie mass 

movements. 

Hence, the intensive rainfall along the seepage points in the porous soils, 

underiain by weathered and deeply jointed rocks accelerate the process of 

saturating the slope materials faster. This leads to the low shearing strengtii, that 

results In the cohesion of the intervening sandy strata, thereby, providing an ideal 

environment for the sliding activities. 
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6.7.2.4. Edapliic factor 

The edaphic factor plays a significant role in the development of the Ambootia 

landslide, since the infiltration rate varies remarkably on the k)asis of granulometiic 

composition, in tiiis region, the soil composition varies with the slope. At and 

around the landslide apex, the 50 cm thick layer of sandy silty soil includes 4 % of 

clay fraction. In the flat, lower areas, the percentage of clay rises to 12 %. The 

clay lenses diminish the infiltration rates remaricably (upto about 60%) in the lower 

sections of the landslide valley. 

6.7.2.5. Anthropogenic interferences 

Prior to 1968, the lower slope was covered with shmbby jungle and bamtx)o 

groves, while the middle and the upper slopes wera occupied t ^ the villages, 

orange orchards and tea gardens (Froehlich & Starkel, 1991). At present, the 

increasing population pressure has disturtied tiie previous landuse pattern by way 

of haphazard constructions, shifting cultivations and extensive deforestation, 

esteblishing a vicious cycle of degradation, torrential downpours, aggravate soil-

erosion and landslides. 

6.7.3. Evolution of the Ambootia landslide 

The present day relief and variety of processes reflected in the changeable 

geomorphic features indicate a complex history of various parts of tiie landslide 

area and to various steges of evolution (Starkel,2000). 

From the old topographic map (1930) of Survey of India, it can be deduced that 

the region was a shallow ' V shaped valley. The continuous torrential downpour 

between the 2"" and 5^ of October 1968, triggered off the massive debris flow and 

the entire mass in the order of 10-15 million m^ was partially deposited on tiie 

Balason valley floor. A big debris-tongue, slumping over the fomner valley-head 

carved out a channel at least 30-60 m deep. Big rock falls on the right side and 

consequent slips on the left side resulted from the undercutting of the gully sides. 
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SEQUENTIAL CHANGE IN THE AMBOOTIA LAND 
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In the following years, the landslide expanded, owing to the deepening of the main 

channel and the retreat of the niches fed by the ground water. 

Between 25* - 30* June 1983, many houses and roads were damaged due to 

acceleration in mass movement and deepening of tiie main channel, by the 

continuously lashing high rains, recording 400 mm. The colluvial fan in the 

Balason valley was built up again (figure 6.4). 

Froehlich and Starkel (1991) established tiiatthe undermining of tiie upper part by 

chutes continued between 1983 and 1989, resulting in permanent damage to 

houses and to fhe main road leading up to Ambootia. Slumping and falling on the 

right side and sliding on the left side followed. A simultaneous modification of 

chutes and main canyon by the flowing water continued for at least 6 months, 

along with episodic debris flows. 

For tiie period from 1990 to 1995, the rainfall charaderistic however, does not 

show any distinct events. Hence, during this period, only a slight reactivation of 

the upper niche was registered, with slow sliding on the left consequent slope. 

However, in the summer of 1995, big rock falls on the right vertical wall were 

registered. Since 1995, the Amtxxjtia landslide remain more or less in a dormant 

state. Observation made by the investigator in 2001 fails to identify any significant 

change in the landslide fr-om that of 1995 as surveyed tiy Starkel et all. However, 

the lower and middle part shows significant revegetation. 

6.7.4. Precautionary measures to be adopted 

The existing landslide valley in Ambootia is tiie effiect of specific combination of 

processes acting since 1968. The over saturation of the high elevated water 

reservoir in tiie thick colluvial and tiie high gradient tiiat includes the linear erosion 

are the major factors that have created the Ambootia landslide. At present tiie 

geomorphic parameters of slopes have reached the stage of an unstable 

equilibrium. Eadi extreme rainfell may however cause some change in tiieir 

morphology. 

105 



Between 1989 and 1996, about 80-90% of the landslide area was covered by 

relatively dense vegetation. Overgrazing and denudation practices among locals 

are being checked. Infiiti'ation into the ground can be checked, by rebuilding the 

old canal into an impemneable one. The hydraulic parameters of such canal 

should take into account the overflow and t>ed load during heavy rains. Its steep 

gradient should be armored in some correctional dams to reduce the energy of the 

flowing water (Sastry & N^swananthan, 1982). 

The very unstable equilibrium of slopes around the landslide zones are indicated 

by the cracks and grabens, the crushed buildings and the curved trunks of orange 

trees. Hence, all houses should be removed from this section and construction of 

new houses and roads in the zone should be forbidden. Any changes in the water 

management should be made only after a care^l study of the water flow, both on 

the surface and in the ground. 

6.8. Preventive Measures f oar StabOizaticai of Landslides and 
Landslide Prcme Areas 

Examination of the geological set-up, process of slope evalution, predpitation, 

slope cover, landuse, soil characteristics and hydro-geomorphologic history shows 

that the study area has a high potential for landslide hazard, in the Balason basin, 

increases in pore water pressure and/or rise in piezometric head have often 

contributed to the so-called trigger mechanism for initiating a landslide. Potentially, 

most unsteible hill slopes are also sensitive, either to the increase in the load, 

which they bear at the top, or to the decrease of support at the toe. To recognize 

which of the causative Actors is in operation, can, in itself suggest the cure. 

Though the absolute prevention of such landslide is neariy impossible, good 

engineering practices can certainly minimize the hazards. 

The methods for prevention and control should include: 

• Slope regradation and removal of unstable slope materials, 

• Excavation followed by maintenance of proper drainage, 

• Construction of retaining walls and similar structures, 

• Stabilization by sheets and sheet piles; 
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• Grouting and hardening of soil; 

• Rock bolts and rock anchors; 

• Jhora (rivulet) management 

• Restriction of settiements and 

• Afforestation. 

The demarcation of stable areas and the differentiation of them from the unstable 

parts of the study area may be done on the basis of slope zone, which indirectly 

depicts the stability (table 6.4). 

Table 6.4. 

Sl<q>e, stability and reconmiexided landuse f(» Balason basin 

Slope 
>40» 

30"'-40» 
20»-3(y 
10°-20° 

<10° 

Stability class 
Unstable area 
Less stable ansa 
Marginally stat>le area. 
Considerably stable 
area. 
Stable area 

Recommended landuse 
Should be kept under nature's domain 
Very restricted use. 
Restricted use witti careful slope-water management 
Intensive use may be permitted with conservative 
measures 
Intensive use of considerable dimension. 

6.9. Conclusion 

In view of tiie ever-increasing problem of landslides in tiie study area, man must 

be made aware of the possible dangers that his is inviting, due to his careless 

dealing with the nature. It is tirue that one has to make room for the growing 

population and in this pursuit he has to utilize every piece of land available. But, 

the precautions that have to be adopted should not be neglected. 

At the same time it is Important to create a general awareness among tiie ever 

growing population, for a proper understanding of their environment They should 

realize that its protection and maintenance, will, in the long run play a role in their 

own survival. Prqa^ evaluation of the present land-use, afforestation programmes 

along with the use of alternative source of energy through mini-hydel projects by 

tapping perennial springs may prevent cutting down of more trees. The 

constiruction of high rises should be immediately stopped, along with the banning 
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of polythene carry bags, which are being dumped along with garbage, choking 

drains and restricting free drainage of water which eventually cause the 

landslides. It is also necessary that a scientific garbage collection method be 

evolved, so that the bio-degradable and non-degradable wastes are separated, 

with the later being sent for recycling. Dumping the wastes into the jhoras is a 

major cause of concem in many areas. It is only through proper awareness and 

proper implementation of remedial measures that both property and life can be 

saved in the coming future. 
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CHAPTER 7 

FORMS AND PROCESSES OF THE RIVER BALASON 

7.1. Introduction 

The river Balason, a tributary of the mighty river Ganga, originates firom the 

Lepchajagat near Sukhiapokhri (Latitude 27°3'55'' N, Longitude 88°14'12' E) at 

an elevation of 2416 meter and meanders conspicuously through the lower 

Darjeeling Himalaya and the Norih Bengal Plain, for a distance of about 46.6 km 

and joins the river Mahananda near Siliguri (Latitude 26°48'37'' N, Longitude 

88°18'30" E) at an elevation of 116 metî e. The river is noteworthy for its erosional 

and depositional havocs. 

The upper part of the Balason catchment has mostiy been deforested and the 

clearings of the steep slopes have been used for tiie extension of settiements, 

agriculture, tea plantation and communication, disrupting ti^e overall ecological 

balance. As a result, during heavy and concentirated rainfall, innumerable 

landslides are caused ti-ansporting huge amount of sediments to the river. Most of 

these slides have never been treated scientifically v\Ath proper protective 

measures and as such these are in habit of expanding their territories during 

monsoon, adding more and more silt to the parent river, the Balason which is 

incapable of transporting the loads efficiently under the existing hydrological 

conditions, specially along its lower reaches (Sarkar 1989 & 1997). 

During summer, the observed increment of the size of bars and shoals 

downstream to Matigara proves such a contention. In order to avoid such 

numerous islands in midst of the channel, the river in its lower reaches thus, 

attains the significant physical characteristics of braiding, which may be atb'ibuted 

to both incompetence and incapacity of the river (photo 7.1). The river, thus, can 

b^ansport neither tiie total amount of debris not tiie size of debris that is supplied to 

it as bed load (photo 7.2 & 7.3). As a result, the bed of the river is rising at some 

sections in tiie plain, resulting in tiie lessening of cross sectional areas. The 
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Photo 7.1. River Balason at Dudhia 

Photo 7.2. Bed materials in River Balason 

Photo 7.3. Bed materials in River Balason 



INDEX MAP FOR HYDROLOGICAL STUDY OF THE RIVER 
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shrinking river channel often fails to contain unusual monsoon disdiarge and 

thereby, allow water to spill, causing devastating flood and bank erosion. 

Being alive to the commanding role of the river Balason in regulating the overall 

economy of the region, the present investigator has outiined the results of this 

hydrological investigations along the lower course of the river Balason, near 

Matigara (figure 7.1). The ultimate aim is to depict the sequential changes of the 

river channel in combating with tiie Increasing loads supplied form the upper 

course of the river. 

7.2. Stiidy of the Cross Section: 

The shape of the cross section of a river channel at any location is a function of 

the flow, the quantity and character of the sediment in movement through the 

section, and the character of composition of the materials making up tiie bed and 

banks of the channel (Leopold, Wolman & Miller, 1964). Detailed survey of cross-

sections during both monsoon and non-monsoon periods for the four consecutive 

years from 1998 to 2001 was carried out by the investigator to study the changing 

natajre of the channel bed with spedai reference to the impact of huge flood water 

on tiie channel form. Three different sites in tiie lower course of the river Balason 

jMas chosen: 

a) the centi'al station gauge (C/G) located 100 metre north of NH 31 bridge 

across tiie river Balason, near Matigara 

b) the up-stream gauge (U/G) 500 m. nortii of tiie centî al station gauge and 

c) the down-stream gauge (D/G) 700 m south of the centî al stetion gauge. 

The study has been carried out twice a year (pre-monsoon and post-monsoon) 

from 1998 to 2001. The data thus, collected have been analyzed and 

diagrammaticaily represented in (figure 7.2). 

7.2.1. Characterisitcs of the cross profiles along the studied sections for 
the years 1998 -2001: 

The cross profiles along the lower course of the river Balason is typical braiding 

type (figures 7.2.a., 7.2.b., and 7.2.c). It is characterized by a number of water-

covered channels that are separated by sand bars, mud-fiats or timfc>ered 
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CROSS SECTIONS ACROSS THE RIVER BALASON 
AT U/G (1998 - 2001) 
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CROSS SECnONS ACROSS THE RIVER BALASON 
AT C/G (1998 - 2001) 
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CROSS SECTIONS ACROSS THE RIVER BALASON 
AT D/G (1998 ~ 2001) 
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islands. These deflect the water currents against the side walls of the channels 

leading to erosion. The erosional effects can be seen in the form of tiie bank wall 

caving, eliminating the possibility of a convex slip-off slope side often present in 

meandering channel. The widths of the cross profiles (maximum 263.21 and 

minimum 15.99) meter are quite conspicuous and these increase away from the 

hills as the water spreads with the fall of gradient of the stream as it passes from 

upland to the lowland (table 7.1). A different scenario is observed in the cross 

section at centî al station gauge where arti'fidal bank protection to protect tiie 

bridge across the river has obstructed the natural process of channel formation. 

The deptii of the channel is also conspicuous. 

Table 7.1. 
Hydrolosical parameters of the different cross section from 1998 - 2001 of 

the river Balason near Matigara. 
Date 

05.09.1998 

01.12.1998 

11.08.1999 

15.12.1999 

13.09.2000 

27.12.2000 

05.08.2001 

30.12.2001 

Cross sectional area 
(sq. metre) 

447.921 

12.764 

173.975 

10.946 

199.207 

17.631 

119.065 

9.663 

Wetted perimeter (in 
metre) 

263.209 

38.916 

211.875 

26.977 

211.954 

44.105 

204.923 

28.761 

Hydraulic radii (in 
metre) 
1.792 

0.418 

0.768 

0.326 

0.941 

0.351 

0.601 

0.283 

Up stream Gauge (U/G) 

Date 

05.09.1998 

01.12.1998 

11.08.1999 

15.12.1999 

13.09.2000 

27.12.2000 

05.M.2001 

30.12.2001 

Cross sectional area 
(sq. metre) 

358.420 

11.896 

113.587 

8.956 

163.739 

12.169 

83.462 

7.823 

WeMed perimeter (in 
metre) 

167.853 

45.678 

155.431 

29.451 

150.623 

33.942 

148.005 

15.%3 

Hydraulic radii (in 
metre) 
2.387 

0.260 

0.799 

0.306 

1.033 

0.321 

0.667 

0.401 

central Statbn Gauge (OG) 

Date 

05.09.1998 

01.12.1998 

11.08.1999 

15.12.1999 

13.09.2000 

27.12.2000 

05.06.2001 

30.12.2001 

Cross sectional area 
(sq. metre) 

^6.256 

12.763 

186.662 

10.986 

204.831 

18.983 

127.305 

9.998 

Wetted perimeter (in 
metre) 

254.996 

51.121 

224.978 

37.661 

219.542 

47.991 

211.945 

32.967 

Hydraulic radii (in 
metre) 
1.890 

0.251 

0.791 

0.273 

0.912 

0.409 

0.576 

0.270 
DcMn Stream Gauge (tVG) Based on AeU survey. 
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(maximum 2.387and minimum 0.263 meter) and that often changes due to the 

instability of the channel way and bars under condition of highly variable discharge 

of the river. The deposition of tiie bars increases the velocity as it nan^ows tiie 

channel and acts as an effective hydraulic device. Furtiiermore, the deposition 

serves to decrease the depth of flow increasing roughness and turbulence until 

the bar is built up above the water level (Ghatwar, 1986, Sarkar, 1989). As tfie 

bed materials are not only too coarse but also too much to be moved, the river 

channel under study is naturally attributed with both incompetence and incapacity. 

7.3. Progressive Changes of HydrolQgical Parameters: 

It is evident that sequential changes of cross sections as well as their related 

parameters have been taken place in the Balason channel. It is also noticed that 

the nature of changes in all tiie sections is almost the same, and the relationship 

among the hydroiogic parameters of a particular gauge station would represent 

the similar relationship for other gauge stations. The nature of progressive change 

in the various hydrological parameters ^»cabulated in the table 7.1 and 

diagrammetirically represented in tiie figures nos. 7.3,7.4,7.5 and 7.6. The details 

of the analysis is given below. 

7.3.1. Progressive chaztge in the cross secticmal area 

To study the progressive changes in tiie cross-sectional area of the river Balason, 

the cross-sections have been constructed twice (monsoon and non-monsoon 

months) for the years 1998 to 2001 at three different stations, which have also 

k>een superimposed. The cross-sectional areas was then worked out from tiie two 

sets of cross-section and tabulated for comparison (table 7.1). The following 

conclusions could be arrived at about tiie changes in the cross-section areas: 

i) It is evident tiiat the changes in tiie cross-section areas between any two 

consecutive years do occur due to the process of scouring and silting. 

Such changes not only occur at a particular section point, but from station 

to station that leads to tiie formation of pools and riffles along the long 

profile of the river under study . 
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PROGRESSIVE CHANGE IN THE CROSS SECTIONAL AREA 
OF THE BALASON RIVER 
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ii) The changes in the cross-section area for any particular section-point 

usually occur alternatively and in some sections three years might be 

elapsed before the process is completely reversed. 

iii) No definite conclusion could be drawn about the progressive improvement 

or deterioration of the channel during the studied period. The changes are 

small and the reversal of the processes (silting alternate with scouring) in 

the consecutive year nullified its effect This indicates the river has a 

remarkable adjusting capacity to its varying discharges and loads. The 

1998 flood affected the channel by doubling the cross-sectional areas that 

was readjusted tfie following year. In 2001 the cross-sectional areas had 

been drastically reduced which may be due to tiie reduction of discharge 

from the upland and tiie supply of loads that reduced the channel 

conspicuously. 

7.3.2 Progressive changes in the wetted perimeter along the cross 
secticm: 

The wetted perimeters of various cross-sections for the years 1998 - 2001 have 

been tabulated (table 7.1 ) and diagrammeti^ically represented in the figure 7.4. 

The following conclusions have been made: 

i. At all the sections, the wetted perimeters do not change in the same 

manner or to the same extent from year to year. 

ii. At any particular section point the change in wetbed perimeter from year 

to year is not so remaricable and tiiree years might elapse before tfie 

process is completely reversed. 

iii. From Vne comparative study between tiie up-stream gauge (U/G) and 

down stream gauge (D/G) it is seen that there is an increasing tendency 

for the wetted perimeters firom the up stream to the down stiream 

(excepting the flood year of 1998). 

iv. No definite law or ta'end in variation of the wetted perimeters from year 

to year could be made except that at some sections changes do occur 

and these soon get readjusted as the river tries its best to get back its 

original position by means of lateral or vertical erosion and deposition. 
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PROGRESSIVE CHANGES IN THE WETTED PERIMETER 
OF THE BALASON RIVER 
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73.3 Progressive changes in Iiydrauiic radii: 

Table 71. and figure 7.5 show the hydraulic radii of the various cross sechons for 

the years 1998 to 2001. The following conclusions may be made regarding the 

progressive changes in ttie hydraulic radii of studied section of the river: 

i. Hydraulic radii in the studied sections do not change in the same way and 

to the same extent from year to year. 

ii. There appear to be a few section-points (non-monsoon) with very little 

changes in hydraulic radii, compared to the other section points 

(monsoon). 

iii. The hydraulic radius of a particular section tends to change alternately like 

most of the other hydrological parameters. 

iv. The high value of hydraulic radius of the monsoon period of 1998 (2.387) 

is due to flooding and the remarkably low value of 2001 (0.667) is 

probably due to decrease in discharge. 

73.4. Progressive changes in dbannel depth along the studied sections: 

The study of progressive changes in the channel depth (table 7.1 and figure 7.6) 

reveals the following interesting points: 

i. At all the sections, the depth of tiie channel does not change in the 

same way or to the same extent from year to year. 

ii. At any particular section-point the change in depth from year to year 

usually occur alternately, due to the alternation of the process of 

channel scouring and silting. 

iii. There is a tendency for tiie depth of the channel to decrease from 

upsti'eam to down sb'eam. 

iv. No definite law or tirend in variation of the channel depth firom station to 

station and from year to year could be made due to insufficient data 

base. But, it is found that at some sections changes do occur and these 

soon get readjusted as the river try its level best to get back to its 

original position by means of either erosion or deposition. 
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PROGRESSIVE CHANGES IN THE HYDRAULIC RADII 
OF THE BALASON RIVER 
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Table 7.2 

Mean channel depth in metres* 

Date 

8.8.1998 

9.8.1998 

10.8.1998 

11.3.1998 

12.8.1998 

13.8.1998 

14.8.1998 

15.8.1998 

16.8.1998 

Mean 
channel 

depth (m) 
0.491 

0.671 

0.625 

Q.eS3 

1.193 

1.374 

0.583 

0.596 

Q.444 

Date 

10.7.1999 

11.7.1999 

12.7.1999 

13.7.1999 

14.7.1999 

15.7.1999 

16.7.1999 

17.7.1999 

18.7.1999 

Mean 
channel 

depth (m) 
0.527 

0.576 

0.825 

0.493 

0.S24 

0.569 

0.684 

0.726 

0.637 

Date 

15.7.2000 

16.7.2000 

17.7.2000 

18.7.2000 

19.7.2000 

20.7.2000 

21.7.2000 

22.7.2000 

23.7.2000 

Mean 
channel 

depth (m) 
0.621 

0.609 

0.473 

o.?w 
1.018 

1.023 

0.649 

0.578 

0.4S6 

Date 

19.8.2001 

20.8.2001 

21.8.2001 

22.8.2001 

23.8.2001 

24.8,2001 

25.8.»W1 

26.8.2001 

27.8.2001 

Mean 
channel 

depth (m) 
0.466 

0.506 

0.879 

0.553 

0.470 

0.675 

0.503 

0.514 

0.517 

*Mean value of 3 gauging points 

7.3. Analysis of Hydraulic Parameters: 

The Central Water Commission (CWC) maintains a gauging station in the river 

Balason on the NH 31 bridge at Matigara. Data on various hydrological 

parameters have been gathered from the site by the investigator from 1998-2001. 

An attempt has been made to analyze the data in the follcMlng section. 

7.3.1 Mean monthly discharge 

The mean monthly discharge of four consecutive years has been tabulated in 

table 7.3 and diagrammatically represented in four hydrographs, one each for the 

years from 1998 to 2001 (figure 7.7). 

The hydrographs thus drawn reveal some striking phenomena relating to the 

hydrology of the river. It has been apparent that on an average 90% of the total 

volume of water is carried through the river during the monsoon months (June to 

October), and this again concentrates within some distinctly identifiable high 

intensity discharge periods. The total runoff estimated to be 1343.715 m.m^ in 

1998, 671.068 m.m^ in 1999, 849.692 m.m^ in 2000 and 655.077 m.m^ in 

2001. Thus the variation has been estimated to be +13.18% in 1998, -5.93% in 

1999, -0.86% in 2000 and -6.39% in 2001 from the normal average of 879.89 

m.m^ (calculated based on the four recorded years). 
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PROGRESSIVE HYDROGRAPHS OF RIVER BALASON 

Figure 7.7 



The volume of water through the river during the non monsoon months 

(November to April) remain more a less same for all four years but their 

contribution to the total volume of water varies from year to year depending on the 

intensity of monsoonal rainfall. Thus, in 1998 the non-monsoon months 

contiibuted only 5.37% (75.173m.m^ ), in 1999 it amounted to 10.27% (68.896 

m.m^ ), in 2000 it conti-ibuted 8.62% (73.215 m.m^ and in 2001 it conti-ibuted 

8.55% (56.019m.m^ ) to the total annual volume. Thus, the volume of water in 

non-monsoon months is inversely related to tiie total annual volume. 

The hydrognaphs also reveal some peaks showing high intensity of discharge 

during the monsoon months which often invite devastating floods along tiie lower 

reaches of the river. These discharge peaks are concentrated within a few well 

defined periods. It has been found that phases of high discharge during the 

monsoon months, directiy related to the nature of monsoon rainfall pattern which 

is generally assodated witii a numt>er of successive rain storms. Moreover, the 

sudden increment in discharge during tiie late monsoon period often invites 

devastating flood along tiie lower reaches of the river. 

73.1.1. Progressive changes in discharge: 

The progressive changes in discharge of tiie river Balason during the period 1998-

2001 has been assessed based on data given in table 7.2. The following 

conclusions can be drawn out of it: 

i. The variation of discharge of the river in different years is due to the 

fluctuations of rain^ll in the catchment area. 

ii. There is a wide difference between the pre-monsoon and post-monsoon 

discharge. 

iii. The variation in discharge can never be categorically proved as the 

deteriorating condition of one year is readily compensated in the very 

next year. 

iv. The range of variation between the highest and lowest discharges 

among the four years (1998 - 2001) is too high, particulariy in the 

monsoon season. It is because of the high intensity rainlall in the year 
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1998 the peak flood discharge has suddenly gone up to 940.3 m /̂sec 

causing devastating flood in the lower section of the basin. 

Table 73 

Mean monthly discbarge of the river Balason at NH 31 bridge, Matigara. 

Months 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

Novemt)er 

December 
Mean Annual 

Mean discharge in cubic metre per second 

1998 

5.004 

3.069 

3.789 

4.013 

15.002 

50.025 

99.913 

100.498 

61.956 

36.143 

12.247 

6.098 

33.146 

1999 

3.312 

3.01 

2.013 

1.685 

4.103 

13.157 

81.189 

61.476 

52.989 

23.476 

10.134 

7.069 

21.968 

2000 

4.053 

3.107 

1.639 

3.015 

6.998 

34.872 

75.973 

82.987 

56.521 

33.141 

13.068 

6.113 

26.791 

2001 

4.132 

2.997 

1.265 

1.798 

4.019 

29.367 

45.811 

64.96 

44.338 

17.431 

10.012 

5.101 

19.269 

Mean 

4.125 

3.046 

2.177 

2.628 

7.531 

31.855 

75.722 

77.480 

53.951 

27.548 

11.365 

6.095 

25.294 
Based on the recordB of the Cental Water Commieeion 

7.3.2. Suspended load analysis 

The monthly suspended sediment load of the river Balason for the period from 

1998 to 2001 has been tabulated in the table 7.4 and diagrammetrically 

represented in the figure 7.8. The following grain size classification has been 

applied for the suspended load analysis: 

a) Coarse (diameter 0.20 mm to 2.0mm) 

b) Medium (diameter 0.075 mm to 0.2 mm) and 

c) Fine (diameter below 0.075 mm) 

The total volume of suspended sediment of Vne river during 1998 (Fig. 7.8a) has 

been estimated to be 611,787 metric ton of which 23.71% (145,059 metricton) is 

coarse sediment, 31.74% (194,182 metricton) is medium sediment and 44.54% 
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Table 7.4 

Monthly suspended sediment load of the river Balason at NH-31 
bridge, Matigara * 

Months 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Total 

Months 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Total 

Coarse 

158 

98 

184 

19 

513 

17382 

37841 

49482 

24053 

14421 

672 

235 

145057 

Coarse 

93 

41 

82 

38 

250 

42103 

58492 

19136 

11502 

16747 

1326 

206 

150016 

1998 (in metric ton) 

Medium 

8 

5 

50 

40 

2238 

16070 

66585 

20863 

72347 

14840 

1065 

70 

194181 

2000 (in n 

Medium 

42 

18 

37 

24 

1031 

34858 

42452 

15112 

8594 

12272 

638 

77 

115155 

Fine 

9 

4 

141 

20 

2388 

39343 

63644 

63116 

81344 

21123 

1226 

190 

272548 

letric ton) 

Fine 

39 

18 

79 

59 

1937 

117148 

124651 

31759 

10467 

24447 

14 

36 

310654 

Total 

175 

107 

375 

79 

5139 

72795 

168070 

133461 

177744 

50384 

2963 

495 

611787 

Total 

174 

77 

198 

121 

3218 

194109 

225595 

66007 

30563 

53466 

1978 

319 

575825 

Coarse 

11 

4 

1 

32 

88 

2304 

23478 

10475 

11071 

1557 

590 

390 

49999 

Coarse 

14 

9 

5 

3 

36 

2940 

10843 

19640 

16874 

228 

148 

28 

50769 

1999 (in metric ton) 

Medium 

13 

4 

1 

39 

108 

2838 

28924 

12904 

13640 

1918 

726 

481 

61596 

Fine 

27 

9 

2 

79 

217 

5718 

58275 

25999 

27481 

3864 

1463 

969 

124103 

2001 (in metric ton) 

Medium 

12 

8 

5 

3 

32 

2616 

9646 

17473 

15012 

203 

132 

25 

45167 

Fine 

29 

20 

11 

7 

76 

6228 

22967 

41601 

35742 

483 

313 

60 

107537 

Total 

51 

17 

4 

150 

413 

10860 

110677 

49378 

52192 

7339 

2779 

1840 

235700 

Total 

55 

37 

21 

13 

144 

11784 

43456 

78718 

67629 

914 

593 

113 

203472 

'Based on the data of gram/litre concentration IromC.W.C and sampling t>y the investigator 

(272,548 metric ton) is fine sediment. It is interesting to note that 98.96% (605,416 

metric ton) of the total suspended load has been discharged during the monsoon 

months (June to October). September experienced the highest amount of 

suspended load which accounted for 29.05% of the total (177744 metric ton) in 

1998.The amount of suspended load was also high in July that accounted for 

27.47% (168069 metric ton) during the same year. 
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The total volume of suspended load in the river during 1999 (figure 7.8) has been 

estimated to be 235700 metric ton of which 21.21 % (49999 metric ton) is coarse 

sediment, 26.14% (61598 metric ton) was medium sediment and the remaining 

52.65 % (124103 metric ton) was fine sediment. About 98.95% (233225 metric 

ton) of the total suspended sediment was discharged during the monsoon months. 

Unlike ttie previous year July experienced the highest suspended load that 

amounted to 46.96% of the total discharge (110677 metric ton). 

The total volume of suspended sediment of the river during 2000 (figure 7.8) has 

been estimated to be 575828 metric ton of which 26.5% (150017 metric ton) is 

coarse sediment, 19.99% (115157 metric ton) is medium sediment and 53.95% 

(310655 metric ton) is fine sediment. It is interesting to note that 99.29% (571719 

metric ton) of the total suspended load has been discharged during the monsoon 

months (June to October). Like the previous year the highest discharge of 

suspended load which accounted for 39.185% of the total (225595 metric ton) was 

recorded in July. 

The total volume of suspended load the river during 2001 (figure 7.8) has been 

estimated to be 203475 metric ton of which 24.95% (50769 tonne) is coarse 

sediment, 22.20% (45167metric ton) was medium sediment and the remaining 

52.85% (107539 metric ton) was fine sediment. About 99.52% (202498 metric ton) 

of the total suspended sediment was discharged during the monsoon months. 

Unlike the previous year August experienced the highest suspended load that 

amounted to 20.45% of the total discharge (41601 metric ton). From the above 

observation it can thus be concluded that the discharge of the river Baiason 

remains high during the monsoon months that account for as much as 99 % of the 

total annual suspended sediment load. 

73.2.1. Progressive change in suspended sediment load: 

The progressive change of suspended sediment load of the river Baiason is 

apprehended from the figure 7.4, which has been drawn based on the data 

provided in the table 7.4. 
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It was observed that the suspended sediment load of the river Baiason showed 

fluctuations which were 611787 metric ton, 235700 metric ton, 575828 metric and 

203475 metric ton in 1998, 1999, 2000 and 2001 respectively. A decrease of 

159.56% in the sediment load was observed bet\A/een 1998 and 1999. An 

increase of 58.77% in the sediment load was observed for 1999-2000. This sharp 

increase may be due to the concentrated monsoon rains that led to flooding in 

2000. A decrease of 180.98% in the sediment load has been found in between 

2000-2001. 

7,3.3. Discharge Sediment Load correlation: 

To determine the nature of correlation between the discharge and sediment load a 

rating curve has been fitted on the log log graph in figure 7.9 based on monthly 

data obtained from table 7.3 and 7.4. 
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Such a line is defined by the expression 

Ls = pQ J .7.1 

in which Ls is the sediment load in tones d ~\ Q is ttie discharge m^ s"^ and p and 

j are numerical constants. Although there are many and varied factors that control 

the suspended load of a stream, the figure illustrates a rather well defined relation 

k)etween the load and the concurrent discharge of the Balason river. 

A linear regression and correlation between the discharge and sediment load has 

been earned out (figure 7.9) on the basis of tiie equation 7.1 and the following 

results have been obtained. 

Ls = +0.9846 0*^°^^ 7.2 

[ SE of Ls estimate = 0.364, SE of power Exp = 0.0689, r= 0.8121 and ^ = 

0.6595] 

The values of con-elation coefficient (r= 0.8121) and coefficient of detemiination (r^ 

= 0.6595) of the above estimate indicates a steady relationship between the 

sediment load and corresponding discharge. Thus, from the above analysis it is 

clear that the mean monthly discharge of Balason basin has been closely 

associated with the sediment load in a regular manner provided that other 

parameters are constant. 

Table No. 7.5 

Mean monthly gauge height, bed elevation and hydraulic depth (in metre) at 
CWC station of the river Balason* 

Months 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Jin. 

Jul. 

Aug. 

Sep. 

Oct. 

N<N. 

Dec. 

Annual 

1988 

122.7B9 

i22.eeo 

122.871 

122.687 

122.834 

123.0M 

123.168 

123.100 

12Z964 

122.900 

122.701 

122.516 

122.839 

Gauge heights 

1999 

122.087 

122.075 

121.985 

121.984 

12Z132 

122.324 

122.848 

122.603 

122868 

122.688 

122.367 

122.190 

122.365 

2000 

122.123 

122.045 

12157'4 

122.0O2 

122.212 

122.567 

122.811 

12Z807 

122.67B 

122.626 

122.460 

122.277 

122.382 

2001 

122.085 

122000 

121.919 

121.896 

121.995 

122.302 

122340 

122.388 

122.299 

122.0S0 

121.028 

121.847 

122.085 

1998 

122.510 

122.462 

122.«2 

122.448 

122.533 

122.570 

122.S33 

122.517 

122.S26 

122.470 

122.233 

121.925 

122.«9 

Bed elevation 

1999 

121.772 

121.816 

121.822 

121.813 

121.836 

121.937 

122.321 

122.258 

122.441 

122.269 

121.977 

121.881 

122.012 

2000 

121.724 

121.728 

121.755 

121.774 

121.885 

122.111 

122.214 

12Z1S7 

12Z118 

122.212 

122.115 

121.973 

121.961 

2001 

121.823 

121.764 

121.699 

121.707 

121.759 

121.771 

121.707 

121.805 

121.802 

121.546 

121.458 

121.408 

121.687 

1998 

0.271 

0.240 

0.261 

0.230 

0.313 

0.538 

0.647 

0.505 

0.440 

0.44Z 

0.480 

0.572 

0.419 

Hydiauic depth 

1999 

0.337 

0.271 

0.185 

0.193 

0.308 

0.389 

0.538 

0.556 

0.439 

0.431 

0.402 

0.321 

0.385 

2000 

0.411 

0.329 

0.231 

0.240 

0.329 

0.468 

0.609 

0.6K2 

0.572 

0.426 

0.357 

0.313 

0.412 

2001 

0.274 

0.248 

0.232 

0.201 

0.248 

0.543 

0.645 

0.605 

0.469 

0.516 

0.482 

0.451 

0.410 
'Data compiled from ttie CWC Records. 
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7.3.4. Study of stage and bed elevatioii of cbannek 

The mean monthly stage of tiie river Baiason has been estimated from tiie mean 

monthly gauge height s for a period of consecutive four years, i.e. from 1998 to 

2001. The mean monthly values of bed heights have obtained from the Central 

Water Commission field record. The mean monthly values of all these parameters 

plotted to get a clear picture at a glance (figure 7.10). 

From the mean monthly stagi and bed elevation diagram (figure 7.10) as well as 

from the table 7.4 It is noticftd that the river bed is highly fluctuating due to 

scouring and filling in the monsoon and non-monsoon periods. The highest bed 

height is noticed in the month of June 1998 (122.570 m). Mean monthly bed 

elevation goes down to 121.408 m during the month of December 2001, a total fall 

of 1.162 meter over a period of 3 and half years. This sharp lowering of bed 

elevation near the NH-31 bridge is perhaps due to anthropogenic rather than 

natural which has been thoroughly discussed in the following section. 

From the above study it is seen that the bed-eievation is higher in the monsoon 

months and lower in the non-monsoon months. Even the nature of fluctuation or 

oscillation of the bed heights has no rhythm for the studied period; tiie trend is 

increasing for the first year (1998-99) but decreasing for the remaining years 

(1999-2001) excepting tiie monsoonal months. 

Bhattecharyya (1993) identified a different scenario in case of the river Rakti, a 

tiibutary to the river Baiason where, he found a clear indication of increasing of 

river bed elevation. Perhaps, the extinction of bed materials from the Baiason bed 

in and around the studied section is responsible for tiie fluctuation and even 

lowering of tiie bed elevation of the river. However, a detail discussion on tiiis 

regard is made in tiie following section. 

7.3.5. The mean nuxitldy stage and discharge relationshq): 

A simple rating curve of the mean montiily stage and tiie discharge has been 

plotted in figure 7.11 to determine the nature of channel control. 
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Figure 7.11 

The channel control depends not only on the stage and discharge relationship but 

also on the cross-sectional area, shape, roughness etc. In the case of alluvial 

channel the shifting nature of channel control is prevalent because of the 

changing nature of hydraulic parameters (Baker, 1988). 

A rating curve has been formulated based on data provided in table 7.5 and 7.3 

and represented in (figure 7.11) to show the nature of the relationship between the 

mean monthly stage and discharge values on the basis of the equation; 
H=+8.05731 Q00°I55 73 

[SE of H estimate = 0.0093; SE of power exp. = 0. 2671; r= 0.717 and r̂ = 0.514] 

From the above expression the values of correlation coefficient (0.717) and 

coefficient of determination (0.514) indicates a moderate relationship between the 
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stage and discharge of the study area. Such a result is very much common due to 

channel adjustment in the alluvial channel composed of sand, silt and gravels. 

73.6. The study erf peak - flood dischaige: 

Emphasis to determine the nature of discharge for the peak flood periods of the 

river Balason during the period 1998-2001 has been made. The hydrographs of 

peak-flood periods during the years have shown the degree of fluctuation in 

discharge (figure 7.12). It was noticed that the difference between tiie consecutive 

discharge values before tiie peak flood discharge was very high. 

Similarly, in receding state, tiie discharges immediately after the peak flood, have 

also shown very steep fall in most cases. Thus, the sudden outiDurst of water in 

the peak-flood period is very much different from the characteristics of high mean 

monthly flow in the monsoonal months. The teble 7.6 also reveals the daily 

fluctuation of discharge from the mean monthly discharge of the respective 

months. It records a very high level of fluctuation. 

Table 7.6 

Peak flood discharge of the river Balason 

Date 

08.08.1998 

09.08.1998 

10.08.1998 

11.08.1998 

12.08.1998 

13.08.1998 

14.08.1998 

15.08.1998 

16.08.1^8 

15.07.2000 

16.07.2000 

17.07.2000 

18.07.2000 

19.07.2000 

20.07.2000 

21.07.2000 

22.07.2000 

23.07.2000 

Discharge in 
m'/sec 

70.01 

96.29 

74.60 

140.75 

415.22 

379,89 

123.83 

127.00 

83.86 

107.42 

63.73 

45.85 

149.10 

251.30 

245.97 

69.20 

96.95 

59.45 

Mean 
monthly 

discharge 
m*/sec 

100.560 

76.073 

Vari^ion in 
% 

30.55 

4.27 

25.96 

40.19 

314.66 

279.33 

23.27 

28.44 

16.7 

31.347 

12.343 

30.223 

73.027 

175.227 

169.897 

6.873 

20.877 

16.623 

Date 

10.07.1999 

11.07.1999 

12.07.1999 

13.07.1999 

14.07.1999 

15.07.1999 

16.07.1999 

17.07.1999 

18.07.1999 

19.08.2001 

20.08.2001 

21.06.2001 

22.08.2001 

23.08.2001 

24.08.2001 

25.08.2001 

26.08.2001 

27.08.2001 

Discharge in 
m /̂sec 

60.31 

110.02 

199.50 

88.15 

84.85 

98.74 

94.42 

182.65 

97.31 

52.56 

113.28 

113.20 

173.39 

80.44 

64.45 

100.26 

71,95 

70.74 

Mean 
morrthly 

discharge 
m /̂sec 

80.798 

65.260 

Variation 
in 
% 
20.488 

29.222 

118.702 

7.352 

4.052 

17.942 

13.922 

101.852 

18.512 

12.70 

48.02 

47.94 

108.13 

1518 

0.81 

3500 

6.69 

5.48 
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7.3.7. The study of peak flood ninroff and sediment load relaticm^hip: 

A simple graphical correlation has been made between the peak flood run-off and 

sediment load of the Balason river for a selected period from 1998 to 2001. It is 

interesting to note from table 7.7 as well as from (figure 7.13.) that in tfie year 

1998 the amount of sediment load canied to the river by the peak mn-off was 

104163. 

Table 7.7 
V-

Peak food rn-off and their crresponding sdiment load at Matigara'* 

Date 
(19M) 
08.08 

09.08 

10.06 

11.08 

12.08 

13.08 

14.08 

15.08 

16.08 

Rutw)ff 
Million cubic meter 

6.08 

8.35 

6.49 

12.34 

35.99 

32.84 

1078 

11,01 

7.31 

Sediment load 
(tones d"̂ ) 

422.25 

6408.39 

3888.54 

10876.05 

104161.60 

53179.65 

7851.62 

7923.26 

4902.59 

Date 
(1999) 
10.07 

11.07 

12.07 

13.07 

14.07 

15.07 

16.07 

17.07 

18.07 

Run-off 
Million cubic meter 

5.32 

9.63 

17.36 

7.76 

7.44 

8.59 

8.27 

15.96 

8.92 

Sediment load 
(tones d"') 
6067.26 

11181.26 

20278.04 

9016.59 

8339.49 

13373.72 

17313.93 

45385.97 

11572.36 

Date 
(2000) 
15.07 

16.07 

17.07 

18.07 

19.07 

20.07 

21.07 

22.07 

23.07 

Run-off 
Million cubic meter 

9.28 

5.51 

3.96 

12.88 

2171 

21.25 

5.98 

8.38 

5.14 

Sediment load 
(tones d'') 
1K21.16 

4471.09 

2825.98 

30421.64 

57802.30 

45687.50 

3126.30 

6164.54 

4280.01 

Date 
(2001) 
19.08 

20.08 

21.08 

22.08 

23.08 

24.08 

25.08 

26.08 

27.08 

Run-off 
Million cubic m^er 

4.57 

9.79 

9.78 

14.89 

6.95 

5.57 

8.66 

6.22 

6.11 

Sediment load 
(tones d"') 
2679.00 

6199.46 

6271.85 

9682.96 

4650.22 

3092.82 

4715.66 

4057.40 

3621.09 

7.4. Study of Bed load and Bed materials: 

The river Balason is noteworthy for its transporting capacity of huge volume of 

coarse materials as bed load. No assessment has ever been attempted to 

measure the volume and size of bed materials of the river Balason. Extraction of 
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Photo 7.4 Removal of bed materials - Human interference 

Photo 7.5 Massive aggradations along the Balason valley near Ambootia 



bed materials of the river Balason at 4 different sites from NH-31 Bridge to 

Dudhiya has been started since 1990 onwards (photo 7.4). The investigator has 

tried to estimate the bed load of the river from the data on the amount of load 

extraction obtained regularty from the different sites during 1998-2001 .The 

following Table 7.8 shows the amount of boulder and finer materials extracted 

from the river during 1998-2001, which is also shown dlagrammatically in the Fig. 

7.14 

Table 7.8 

Extraction of bed materials from different sections in between Ehidhiya to 
NH-31 bridge near Matigara. 

Months 

January 

Febniary 

March 

April 

May 

June 

July 

August 

September 

Octot>er 

Novenrtber 

Decwnber 

Total 

i99o 

120750 

101400 

96700 

90400 

75S20 

50190 

20180 

18290 

58720 

90600 

98500 

115460 

936710 

Bed materal foSiaciai in cube metre 

1989 

132170 

114620 

89980 

85260 

80190 

45150 

30110 

20400 

43300 

81110 

90170 

108900 

921360 

2000 

110150 

100500 

94460 

90010 

76&W 

45000 

15500 

37560 

85550 

107500 

121000 

135000 

1018870 

2001 

145000 

106500 

90330 

81770 

71150 

60050 

45690 

40190 

3^00 

72620 

81620 

95540 

925960 

Mean 

127018 

105755 

92867.5 

86W0 

75875 

50097 

27870 

29110.5 

55767 

87957.5 

97822.5 

113725 

950725 
Source Based on field suiyey. 

It is ttius revealed that total bed material extraction from the river Balason was 

93671 Om^ in 1998, 921360 m^ in 1999. 1018870 m^ in 2000 and 925960 m^ in 

2001. Thus the mean annual bed material extraction from the river bed was 

950725 m^ (1998-2001). It is also evident that the non-monsoon months (October 

to May) exhibit more extraction than the monsoon months (June-September). The 

total amount of bed load thus, extracted from the river bed may conveniently 

spread over the concerned section of the river bed (measured to be 5 million sq. 

metre approx.), gives an average of 20 cm lowering each year. Considering 70cm 

lowering of bed level over the period of 4 years (1998-2001) as revealed from 
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the CWC record (table 7.8 and figure 7.10) we may conclude that under natural 

condition the rising of river bed would be 2.5 cm / year. Extraction of bed materials 

perhaps prevent large scale river bed rising in case of the Balason which is 

Incidentally rampant In most of the sub-Himalayan rivers in North Bengal. 

7.5. Analysis of Braid-Plain Fonnation in the River BalasoiL* 

The braided alluvial plain is formed as a result of lateral accretion of tiie Inactive 

part of the former channel during successive large floods. The vigorously 

changing nature of the braiding channel is non-systematic t>eing dependent on the 

rate of lateral erosion. It is possible to distinguish gravelly, sandy, and sllty 

depositional environments based on sedimentological classification of braided 

rivers (Albertson, 1964; Froehllch etal, 2000). 

The divide or braided sections tend to have higher width-depth ratio than 

comparable sections in meander or straight reaches. While gravelly and sandy 

fades chiefly occur In the river Balason, bars with silty soils occur along the valley 

sides that have been formed and remains unchanged even after flood in some 

places (Starkel et al, 2000). The present investigator made a study of the 

character of braiding of the river Balason for 4 years during 1998 to 2001 (figure 

7.15). For the study a 4 km long stretch in the lower part of the long profile of the 

river Balason has been chosen (i.e. 2 kms upsti-eam and 2 kms downstream from 

the bridge of NH-31). 

7.5.1. Geomorphology of the braid-plain: 

The average width of the channel is about 240 m (± 50m, average of 21 cross 

section within 4 km stretch). Relatively deep (0.2-1.5m) and nannow (1.5-8.5) arc 

shaped troughs dissect tfie braid plain. While some of them carry water, others 

with pebble/ cobt^ deposits remain dry. In the upper parts the valley side bars 

are composed of sands and silts, while coarse grained deposits occur at the 

bottom. Sacchanim spontaneum grow in small patches here and there with most 

of the lands remaining t)are. The braiding process along some regions remain 
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disturbed due to extraction of stones and sand for the purpose of construction by 

local people. 

7.5.2. Role of Flood: 

Floods generally play an important role in modifying the braiding character of any 

channel. However, in the case of the Balason river it is more pronounced as the 

annual peak-flow (annual flood) along with the big flood modifies the shape of the 

braids enomnousiy. This modification is not only due to the exchange of the 

materials among tiie small bars, side- bars etc. but also due to the addition of 

materials firom the banks and catehment areas. The reason for this is the totel 

submergence of the pools and bars during the annual peak-flow period so that the 

transported materials doesn't block the way of the previous narrow channels. The 

high rate of deposition leads to large amount of pebbles / cobbles etc. being 

deposited mostiy in the wider channels of the previous year, that leads to the 

vigorous change in their course. A greater change had occurred in 1998 due to 

flooding. An important feature of the river in the study stretch is that no active 

channel of the braiding can be identified during the peak flow period. This also 

leads to the creation of a new set of braiding. 

The sudden outburst of the catastrophic flood in 1998 created a single new flood 

channel up to 350m wide and in the post flood period of the sanr^ year a new set 

of pools and riffles were formed, although the bank retreated only about 1.45 to 

2.69 m. This was due to the tact that the bank is protected on either sides in two 

different sections, one of which is across NH-31 bridge and the other located 

across the railway bridge. The bank erosion along with braid plain formation has 

affected an area of about 29500 m^ within the study area. 

The great anthropogenic impact over the basin makes the determination of the 

actual vertical accretion very difficult from the field study. However, the 

measurements made during the field study showed that a 15 - 20 cm thick sandy 

cover was formed along the river bank undertain by a thick gravelly bed (figure 

7.16). In the middle part of the braid scenario was quite different, where the upper 
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layer was composed wholly of pebbles, cobbles etc. with an average thickness of 

around 1 m, with the lower layer being composed of mixed deposits i.e. pebbles, 

cobbles, with sand, silt etc. (Staricel & Sarkar, 2000). 

7.5.3. Suimiiary: 

• The construction of the braid-plain in the study area resulted from 

successive flood-channel formation even in the peak-flow period, related to 

non-systematic migration or avulsion of flood channel. 

• As all of the bars and shoals remain submerged in the peak-flow period it 

can be concluded that the materials of the braid plain are of recent origin. 

• Characteristicaily, the nature of braiding in the study area show annual 

changes, but remarkable changes occurs during each catastrophic flood 

that forms new flood channel. 

• Frequent changes in braiding are an indication of successive erosion 

(lateral accretion) as well as enormous deposition within the river bed tiiat 

enhance flood situations. 

7,6. Conclusion: 

The cross-sectional areas of the river Balason vary little from year to year, in the 

case of non-monsoon months, while these vary more in the monsoon period. But 

when such changes do occur, the river quickly re-adjusted iteelf by means of 

either erosion or deposition. 

No definite law or ti'end in variation of the wetted perimeter from station to station 

and from year to year could be made except that at some sections changes do 

occur and these soon gete readjusted as the river ti'ies ite level best to get back to 

ite original position by either lateral erosion or vertical corrosion. 

The hydraulic radii of the river tend to change in a small degree in conformity with 

small changes in cross-sectional areas, but these soon get re-adjusted or the river 

tends to come back to ite original position. 
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Whether the discharge of the river is progressively increasing or decreasing in 

recent years, can never be categorically proved as the deteriorating condition of 

one year is usually compensated in the very next year. However, from the 

hydrograph analysis it may be concluded that high intensity discharge 

concentrating within a short period, relates to rainstorms, thus causing severe 

floods. 

From the analysis of the suspended load of the river, it becomes clear that the silt 

load has progressively been on the increase. These along with increasing bed 

load caused increasing of braiding tendency of the river.The contemporaneous 

deposition of coarse sediments is progressing upsti'eam into the mountains. The 

supplies of debris from steep slopes cause the overburdening of the river. The 

aggradation is progressing about 15 km upstream, up to tiie outiet of the tiibutary 

of landslide valley of Ambootia, (photo 7.5) with extensive torrential fans. The 

annual floods remove these boulders and gravels to the foreland, where they are 

intensively exploited at the level of 20 cm / year and thereby, eliminating the 

possibilities of large scale river bed rising as it is seen in most of the rivers in sub-

Himalayan West Bengal. 

7.7. References: 

Albertson, M.L and Simpson, D.B. 1964; Fluid mechanics. In Chow, V.T. {ed) 
Handbook of Applied Hydrology. McGraw Hill Book 
Company; 7:24-26. 

Baker, V.R. 1988; Flood emsion, in Flood Geomorphology (ed), John Wiley & 
Sons, p-83. 

Bhattacharya, S. 1993; A comprehensive study on the Problems of Management 
of the Rakti Basin in Darjeeling Himalaya, unpublished 
Ph. D Thesis, North Bengal University. 

Froehlich, W; Soja, T & Sarkar, S. 2000; Generation of Flood and sediment load, 
Rains, Landslides and Floods in Darjeeling Himalaya 
(ed)INSA, p-115-123. 

Ghatwar, L. 1986; A Study of fluvial dynamics of the twin basins of the river Lish 
and Gish; unpublished Ph.D. thesis, University of North 
Bengal. 

131 



Leopold, B.L.Wolman, M.G. and Miller, J.P. 1964; Fluvial Processes in 
Geomorphology, Freeman & Co. 522 pp. 

Sarkar, S., 1989; Impact of Catastrophic Erosion in the Fluvial Dynamics of the 
River Mahananda, Darjeeling Himalaya, India. Disaster 
and Environment: Monitoring and Forecasting; 343 -
348 

Sarkar, S. 1997; Some considerations on the Fluvial Dynamics of the river 
Mahananda, Sitiguri, Geographical Review of India, 
vol. 59No.1,p11-24. 

Starkel, L. & Basu, S.R. 2000; Rains, Landslides and Floods in Darjeeling 
Himalaya (ed), INSA. 

Starkel, L. & Sarkar, S. 2002; Different frequency of threshold rainfall transfomiing 
the margin of Sikkimese and Bhutanese Himalayas, 
Studia Geomoptiologica Carpatho-Balsanica, vol. 
XXXVI p. 51-67. 

132 



CHAPTERS 

WATER RESOURCE OF THE BALASON BASIN 

8.1 Introduction 

The river Balason, originating from Lepchajagat at an elevation of 2416 m, flows 

through the district of Darjeeling, is noteworthy for its erosional and depositional 

hazards, causing occasional flood in its lower catchment The discharge of the 

river at Matigara, varies from a negligible amount of 0.409 cumecs during the dry 

season (March - April) to a high of over 940 m^/second during the rainy season 

(July-August). The mean annual sediment discharge is very high and it was 

estimated to be 87365 metric tons. The mean annual rainfell in the catchment 

area is 3359.81 mm, based on long-term average data of 22 rainfall recording 

stations situated within the catchment area. 

The Balason basin is unable to hold back water due to excessive deforestation, 

overgrazing and extensive unscientific agricultural use of land in its catchment 

area. As a result, most of the precipitated water goes down the slope, giving rise 

to severe soil erosion and landslips. 

The amount of load transported not only provides an indication of the rate of 

mechanical denudation in a basin, but also has wider implications for the 

economic management of the fluvial system. The river is incompetent to cope with 

the enormous amount of debris load that is transported to its lower course during 

the monsoon months (June-September). All these processes themselves 

generate certain responses within the river channel. Flooding is thus, the result of 

the continuous set of possible responses within the fluvial system. 

On the other hand, during the non-monsoon months (November to April) 

negligible amount of water flows through the narrow braided channel and this 

paucity of water hinders the local people from reaping any benefit out of the soil in 

a)njunction to the river itself. The overall economic situation has become very 

grim and is deteriorating day by day. Effective ways to control the situation are 
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necessary. Thus, there is a growing and perceived need for the assessment of 

water resource of the drainage basin and suggestion for its sustainable effective 

management. 

The aim of this chapter is to assess the annual water resource of the basin, its 

seasonal distribution, its present utilization and conservation. The emphasis has 

been given on the estimation of the annual water resource of the basin on the 

following aspects: 

• the study of rainfall and runoff, 

• the study of evaporation, 

• estimation of totel water resource, 

• the problems of the conservation of water resource. 

8.2 Study of Rainfan - Runoff 

Runoff is that balance of rain water which flows or runs over natural ground 

surface other than water losses by evaporation, interception and infiltration. 

Several empirical formulae, curves and tables relating to the rainfell and runoff 

have been developed, Khosia (1950); Ghatwarand Basu (1984); Ghatwar, 1986; 

Sarkar (1989 & 1998). However the present investigator has chosen the fomnula 

of Khosia (1950) due to its wide applicability in the Indian context. According to 

Khosia (1950), runoff is the function of precipitation and temperature i.e. 

R= ocP/T 8.1 

where R = runoff, P = precipitation after ttte deduction of losses and T= 

temperature. 

The common loss due to evaporation and transpiration, generally known as 

evapo-transpiration is the function of temperature of the area concerned. Thus 

Khosla's fomnula reads as follows: 

Rn,= ocPJLn, 8.2 

wliere Rm= monttily runoff, Pm =monthly precipitation and Lm = monthly 

evaporation. 
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Again the amount of monthly evaporation (Lm) is given as: 

Ln,= Tn,°a0.274 8.3 

For determining the loss by evaporation and the resultant runoff, following 

Khosla's formula, the average monthly rainfall data was collected firom various 

recording stations, mainly tea gardens. As the temperature data was not available 

for all the stations, it was computed by interpolation and extrapolation methods. 

Distribution of average monthly rainfall and evaporation loss for some selected 

recording station were calculated, (appendix 8.1). 

After carefully studying the calculated figures as well as the map, (figure 8.1) it is 

interesting to note that in tiie upper catchment areas as well as in tiie central hilly 

parts, some pre-monsoon rainstorms during March to May, yield a considerable 

amount of run-off. The tea gardens like Margaret's Hope, Gopaldhara, Dooteriah, 

Selimbong, Tumsong and Chamong record a higher amount of run-off as to the 

percentage of total annual rainfall during April and May, due to low temperature 

and low of evaporation loss. 

The stations located just below tiie upper catchment i.e. in the central, soutii, 

eastern parts of the basin like Sungma, Manjwa, Pubong and Pankhabari show 

comparatively lower amount of runoff as percentage to the total rainfall in May. 

The entire foothills and plains display almost tiie similar higher trend regarding 

run-off as percentage to total rainfall e.g. Panighatta (68.68%), Longview 

(69.86%), Marionbari (67.63%) and Matigara (57.03%). 

The amount of runoff as percentage to the total rainfall increases with the onset of 

the monsoon season and the montii of June the runoff exceeds to over 70% in all 

the stations of the study area, with very high t)eing recorded over Longview 

(87.65%), Sungma (84.34%), Negri fami (82.42%), Selimbong (81.53%), Negri 

(82.55%). Thurbo (82.75%), Balason (88.27%, Manjwa (86.25%, Panighatta 

(85.43%, Ambootia (88.54%), Chamong (84.18%), Marionbari (86.5%) and 

Matigara (82.9%). The amount inaeases with the establishment of the souttiwest 
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monsoon to a remarkable extent and goes above 80% in all the stations during 

the month of July, which is the rainiest month in the study area. 

Table 8.1 

Mean annual rainfall in mm, temperature in °C, evaporation in mm and 
runoff in mm of selected stations in Balastm basin"^ 

stations 

Ambootia 

Balasun 

Chamong 

Dooteriah 

Gopaldhara 

Kalej Valley 

Longview 

Mahaldiram 

Manjwa 

Margrets Hope 

Marion ban 

Matigara 

Nagri 

Nagri fawn 

Panighatta 

Pankhabari 

Pubong 

Seeyol< 

Selimbong 

Sungma 

Thurbo 

Turn song 

Attitude 

in m. 
948 

1127 

1320 

1380 

1560 

1400 

610 

1676 

690 

1403 

249 

121 

1348 

1342 

255 

1030 

1644 

1520 

1700 

1727 

1451 

1533 

Rainfall 

3^2.51 

2842.80 

2961.80 

2587,80 

2324.70 

2502.30 

5116.50 

4060.00 

3430.30 

3009.10 

4335.80 

3734.10 

2631.70 

2832.00 

4018.40 

3564.60 

2848.90 

2296.80 

2440.70 

2589.40 

2680.60 

2396.82 

Temperature 

20.27 

19.33 

16.52 

18,74 

16.23 

18.54 

21.29 

15,58 

20.77 

1854 

23.66 

24.19 

18.84 

18.89 

22,38 

24,96 

15,68 

16,52 

15.24 

15.06 

17.34 

19.99 

Evaporation 

loss 
1172.94 

1118.66 

955.74 

1084.28 

938.76 

1072.52 

1231.53 

895.52 

1201.46 

1072,50 

1368,80 

1399,09 

1090,31 

1092,86 

1294.61 

1239,25 

907,29 

955,90 

881,49 

871,60 

1003.37 

950.00 

% of evaporation 

loss to rainfall 
29.90 

39.35 

32.27 

41.74 

40.38 

4286 

24.07 

22.06 

35,02 

35,64 

31,57 

37,47 

41,43 

38.59 

32.22 

34.77 

31.85 

41.62 

36.12 

33.66 

37.43 

39.64 

Runoff 

2749.57 

1724.14 

2006.06 

1513.52 

1385,95 

14:^.78 

3884,97 

3164,48 

2228.84 

1936.60 

2967,00 

2335,01 

1541.39 

1739.14 

2723.79 

2325.35 

1941.61 

1340.90 

1559.21 

1717.80 

1677.23 

1446.82 

Runoff as 

% of rainfall 
70.10 

60.65 

67.73 

58.26 

59.62 

5714 

75.93 

77.94 

64.98 

64.36 

68.43 

62.53 

58.57 

61.41 

67.78 

65.23 

68.15 

58.38 

63.88 

66.34 

62.57 

60.36 

Data collected from tea gardens and other sources 

Such high trend of runoff as percentage to the rainfall exists upto the month of 

September. Runoff as percentage to precipitation starts to decrease from the 

month of October and reaches below 40% in most of the areas, e.g. Matigara 

(27.61%), Panighatta (24.57%), Pubong (27.16%), Balason (30.39%), Thurbo 

(5.61%), Pankhabari (22.54%), Sungma (5.01%). Seeyok (17.15%) during 

October. The lov/est runoff during this month is however recorded over Nagri farm 

with the percentage amounting to 8.35% and at Nagri vtnth just 0.29%. Such 

variation in runoff percentage is generally due to the uneven spatial distribution of 

monsoon rainfall. 
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The winter season (November to February) receives an insignificant amount of 

rainfall which cannot flow as runoff due to evaporation, transpiration and infiltration 

through the soil and due to this, during these months on an average only 0.41 

cumecs discharge has been recorded in the river Balason during the year 1998 to 

2001. 

Table 8.2 

Monsoon rainfaU in mm, temperature (°C), evapcn-ation (mm) and runoff 
(mm) of selected stations in Balason bBasin'' 

Recording stations 

Ambootia 

Balasun 

Chamong 

Dooteriah 

Gopaldhara 

Kaleg Valley 

Longview 
Mahaldiram 

Manjwa 

Margref s Hope 

Marionbari 

Matigara 

NagrI 

Nagri farm 

Panighatta 

Pankhabari 

Pubong 

Seeyok 

Selimbong 

Sungma 

Thurbo 

Tumsong 

Attitude 
in m. 
946 

1127 

1520 

1380 

1560 

1400 

610 

1676 

690 

1403 

249 

121 

1348 

1342 

255 

1030 

1644 

1520 

1700 

1727 

1451 

1533 

Rainfall 

3123.70 

2318.00 

2501.70 

2117.50 

1968.40 

2112.80 

4380.30 

3817.08 

3020.00 

2488.40 

3660.90 

3245.60 

2242.4 

2407.20 

3386.70 

3114.60 

2513.70 

1861.10 

2077.70 

2313.90 

2084.20 

2023.87 

Temperature 

23.90 

23.14 

20.08 

22.29 

19.78 

2Z16 

24.83 

18.84 

24.31 

2216 

27.20 

27.70 

22.50 

22.54 

25.94 

25.01 

19.23 

20.09 

18.67 

18.50 

20.71 

19.99 

Evaporation 
loss 

576.17 

557.96 

484.09 

537.34 

476.81 

534.28 

598.70 

545.08 

586.17 

534.28 

655.70 

667.03 

542.48 

543.45 

625.36 

602.94 

463.70 

484.33 

450.19 

445.94 

499.42 

482.12 

Evaporation loss 
in % to rainfelt 

18.45 

24.07 

19.35 

25.38 

24.22 

25.29 

13.67 

14.28 

19.41 

21.47 

17.91 

20.55 

24.19 

22.58 

18.47 

19.36 

18.45 

26.02 

21.67 

19.27 

23.96 

23.82 

Runoff 

2547.53 

1760.04 

2017.61 

1580.16 

1491.59 

1578.52 

3781.60 

3272.00 

2433.83 

1954.12 

3005.20 

2578.57 

1699.92 

1863.75 

2761.34 

2511.66 

2050.00 

1376.77 

1627.51 

1867.96 

1584.78 

1541.75 

Runoff as 
% of rainfall 

81.55 

75.93 

80.K 

74.62 

75.78 

74.71 

86.33 

85.72 

80.59 

78.53 

82.09 

79.45 

75.81 

77.42 

81.53 

80.64 

81.55 

73.98 

78.33 

80.73 

76.04 

76.18 

Data coHected from tea gwdens and otfwr sources. 

8.2.1 Rainfall runoff correlation. 

There is often a very close relationship between the rainfall and runoff. An effort 

has been make to analyse the nature of relationship between the rainfall and 

runoff for both annual and monsoonal through linear regression (figure 8.2). The 
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data required for sudi analysis has been obtained from 22 stations (table 8.1 & 

8.2). 

8.2.1.1 Annual rainfall-runoff correlatloii: 

The correlation co-efficient between mean annual rainfeti (X) and mean runoff 

(Y) is veiy high (r=0.9844) and have a 'f value of 25.0^8 which is significant at 

t}ie level of 99.9%. This indicate a very dose relationship between these two 

attritHJtes. The regression equation between the mean annual rainfall PQ and 

mean annual runoff (Y) is as follows: 

Y = - 653.377+ 0.8637 x 

In the above equation, the slope of the regres^on line (b = 0.8637) is of some 

value if a>mparison is to be made between this relationship and that which exists 

in otiier areas. Moreover, the (X}efficient of determination (r̂  = 0.9691) indicates 

tiiat ^ . 9 1 % of the total variation in Y has t}een explained by the respective X 

values and only 3.09 %.rennain unexplained (table 8.1). 

8.2.1.2 Monsoon rainfall runoff correlation: 

The same situation is prevalent also in the relationship between mean monsoon 

rainfall (>Q and tiie respective runoff (Y). where r = 0.9976. The linear regression 

equation in tiiis case is: 

Y=-362.157+0.9332 X 

Here the value 'b' or the slope of the regression line (i.e. 0.9332) is also important 

to make comparison between this and the other areas of established 

relationships. Moreover, the coefRdent of determination (r̂  = 0.9958) shows that 

99.58% of the total variation in Y has been explained by the respective X (table 

8.2). 

8.3 Study of Evaporatiozi 

Evaporation is another important factor in detemnining the surface runoff. An 

effort has been made to calculate the amount of nrionthly evaporation loss on the 

basis of the equation 8.3. A detailed station wise amount of evaporation loss has 

been tabulated (appendix 8.1.) and diagrammaticalty represented in the figure 8.1. 
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From the appendix 8.1. as well as from figure 8.1 it is seen that the foothills of the 

study area i.e. around Longview tea garden experiences minimum amount of 

evaporation loss (i.e.24.07% to the total annual rainfall). The highest amount of 

evaporation loss has been estimated in and around the north-western part of the 

basin that ranges from 40.38% to 42.86% to tiie annual rainfall. In tiie remaining 

stations the loss ranges between 30% to 40%. Though the region loses a 

considerable amount of valuable viater through evaporation, this amount, on an 

average does not exceed 30% of the total amount of water received through 

rainfall. 

In the monsoon period, although the trend is almost the same, the amount of 

monsoon evaporation loss in respect of total rainfall is low. The lowest amount of 

evaporation loss with respect to mean monsoon precipitation is noticed in and 

around ttie Longview area (13.67%), while ttie highest value of 25.38% is found 

around Dooteriah. On an average, the amount of monsoon evaporation does not 

exceed 20% of the total monsoon rainfall. 

8.4 Esttmation of Runoff of the Basiii 

The water resource of the Balason basin has been ^timated in two different 

ways: (i) the empirical estimation of runoff based on long term average rainfall and 

temperature data of tiie catchment area (Khosia, 1950) and (ii) the estimation of 

runoff based on discharge data of 4 consecutive years (1998 - 2001) at Matigara 

(NH 31 bridge). 

The empirical estimation of tiie runoff for the t)asin has been determined for both 

the rainy months and for the whole year. These two estimates will provide us with 

the basic information about the long term average available surface water 

rescMJfce of the study area. Although it is possible to estimate the runoff of the 

bemn firom the discharge data recorded near Matigara, but these do not seem to 

be enough for the purpc»e of water conservation plan of the study area. In fact, 

the wafesr resource of a basin canrK>t t>e determined only from the discharge data 

because, water inputs through precipitation are exdianged through a complex 

'process ~ response' system. 
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8.4.1 The mean monsoon (June to October) runoff: 

Based on the calculated value of the total monsoon runoff of different recording 

stations (table 8.2), a monsoon runoff map has been prepared (figure 8.3.). Six 

major runoff classes have been identified and the conresponding area coverage 

of each class has been determined and tabulated in table 8.3. The estimated 

water resource of each class has been estimated by multiplying the area with 

respective mean runoff. The total water resource has been estimated by summing 

up all the calculated values, which is 8,53,421 million cubic metre. 

Table 8.3 

Monsocm (June - September) Runoff of tbe Balason basin 

SI. 
No. 
1 

2. 

3 

4 

5 

6 

Runoff classes (in mm) 

Below 1500 

1500-2000 

2000-2500 

2500-3000 

3000-3500 

3000 and above 

Total 

Area In sq. km. 

41.20 

109.22 

54.70 

103.46 

34.91 

23.93 

367.42 

% of area to the 
total area 

11.21 

29.73 

1 4 . ^ 

28.16 

9.50 

6.51 

100 

Estimated runoff in 
million m' 

51.500 

191.135 

123.075 

284.515 

113.458 

89.738 

853.421 

% to total run 
off. 
6.03 

22.4 

14.42 

33.34 

13.29 

10.52 

100 

Among the monsoon runoff classes 2500 - 3000 mm runoff class contributes the 

maximum monsoon water resource of the basin i.e., 284.515 m.m^ (33.34 %) 

which covers an area of 103.46 sq. km. (28.16 %) of the total area of the basin 

identified along the entire south central part of the study area. 

On the other hand, the lowest runoff dass i.e. (<1500 mm), accounts for only 

51.50 mm^ (6.03 %) of the total water resource covering an area of 41.20 sq. km. 

(11.21 % of the total study area) identified in the extreme north eastern and north 

westem part of the basin. The very high run-off dass of above 3000 mm, covers 

the lowest area of 23.93 sq. km. (6.51 % of the total study area) and contributes 

89.738 mm^ (10.52 % ) of the water resource of Hie basin, identified in the east 

central part of the study area i.e. southem slope of the Selim Hill.. 

The monsoon runoff of the Balason basin, as estimated by empirical methods, 

seems to be higher than other part of the country. It is most probably due to a very 
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high amount of rainfall on a deforested steep slope, which permits quick ainoff 

generation and minimum infiltration and / or retention within the catchment area. 

8.4.2 The total water resource 

The nature and amount of annual runoff of the basin has been estimated from the 

figure 8.4 vi/hich was drawn on the t̂ asis of the coilectad data from 22 .recc»ding 

stations (table 8.4). Six classes have been identified to calculate the total annual 

mnoff of the basin and the contribut'(Mi of each dass to the total annual water 

resource. 

SI. 
No. 
1 

2 

3 

4 

6 

6 

Table 8.4. 
Mean annual water resmirce of die Balason basin. 

Runoff dassM (in 
mm) 

Below 1S00 

1500-2000 

200(^2500 

2500-3000 

3000-3500 

3500 and d)ov« 

Total 

Area in sq. 
km. 

68.57 

11245 

71.79 

78.27 

28.08 

10.26 

367.42 

% of area to the total 
area 
18.12 

30.61 

19.54 

21.30 

7.64 

2.79 

100 

Total runoff in million 
m' 

83.21 

196.79 

161.53 

215.24 

91.26 

37.96 

7^.99 

%tototalwater run 
off. 

10.50 

25.04 

20.K 

27.38 

11.61 

4.83 

100 

Out of tiie total annual surface water resource of the basin (785.99 m.m^, the 

runoff class 2500-3000 mm confributes to the highest amount i.e., 215.243 m.m^ 

or 27.38 % of the total. The highest area fiails in ttie 15(X}-2000 mm ninofF dass, 

covering 112.45 sq. km. and contributing to 196.788 (25.04 %) million m ,̂ which 

is 25.04 % of the total. The very high runoff dass (above 3500 mm) covers only 

2.79 % of the total area and contributes at>out 4.83 % of the total annual water 

resource of the basin. The very low runoff dass (< 1500 mm) shares 66.57 % of 

the total area but contributes only 10.59 % of the total runoff. The total annual 

runoff of the basin has been estimated to be 67.477 m.m^ less than ttiat of the 

monsoon runoff which indicates that the non-monsoon rainfall have negative 

influence on run-off. 

8.4.3. Estimation of run-off from the dischai:ge record at Matigara 

The estimation of runoff has also been carried out based on the daily average 

discharge data of the river at Matigara for 4 consecutive years (1998 - 2001). The 
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total annual runoff has been calculated using the equation 8.4 and based on the 

data tabulated in table 8.5. 

Tr=Tdx 86400 8.4 

where, Tr = total annual mnoff, Td = daily average discharge in cubic meter / 
second. 

Table 8.5. 
Runoff of different years based on discharge run-off model.* 

Year 

1998 

1999 

2000 

2001 

Average 

Annual water resource (million m'' 

Total 

1343.715 

671,068 

849.692 

655.077 

879.89 

perKm^ 

3.66 

1.83 

2.31 

1.78 

2.39 

Monsoon water resource m" 
nfilllion m 

Total 

1263.126 

592.549 

722.214 

587.589 

791.369 

per Km'' 

3.44 

1.61 

1.97 

1.60 

2.15 

Non-monsoon water resource in 
million m' 

Total 

80.589 

78.519 

127.478 

67.488 

88.519 

per Km' 

0.22 

0.21 

0.35 

0.18 

0.24 

'Gased on cbta compiled from CWC records. 

8.5. Estimation of Surface Water Resource of the Balason Basin 

The estimation of water resource of the Balason basin has k>een attempted t>ased 

on (a) long term mean rainfall of the t>asin using empirical model and (b) 

estimation of daily discharge record of the river at down stiieam near Matigara. 

The Table 8.6 depicts the salient feature of sur^rce water resource of the basin 

and also ofter an unique opportunity to make a comparative analysis of different 

estimates of surface water resource of tiie shjdy area. 

Table 8.6 
Surface water resource of tlie Balason basin 

M^hods 

30-60 yeans average* 

Based on <fischarge 
(19M-»)01) 

Range 

Mean 

Mean annual 

Total 

785.994 

879.89 

93.896 

832.942 

Per 
km' 

2.139 

2.39 

0.251 

2.265 

Mean of moraoon months (June to 
Safrtamber) 

Total 

853.421 

791.369 

-62.052 

822.395 

Per km' 

2.323 

2.15 

-0.173 

2.2365 

Mean of non monsoon months 
(October to May) 

Totd 

- 67.427 

88.519 

155.946 

10.546 

Per km' 

-0.184 

0.24 

0.424 

0.028 

*Long terni water resource based on empirtcal brmula. 

From the estimated values it is noticed that the totel annual water resource in the 

year 1998 was 1343.715 million m^ out of which 1263.126 million m^ belongs to 

monsoon period. In 1999, the totel annual water resource was estimated to be 

671.068 million m^ of which 592.549 million m^ t)elongs to the monsoon period. 
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In the years 2000 and 2001 the annual water resource was estimated to be 

849.692 million m^ and 655.077 million m^ respectively, while in the monsoon 

the amount were estimated to be 722.214 million m^ and 587.589 million m^ 

respectively. 

It is interesting to note that the long term average estimates of water resource is 

considerably less tiian that of the 4 years (1998 - 2001) mean discharge of tiie 

river. In case of non-monsoon months, the empirical model yields a negative value 

of - 67.427 ^ i l e , the estimation based on discharge shov^ a value of 88.519 

m.m^. Such difference may be due to the following reasons: 

i). The empirical estimation of the water resource of the basin has t>een earned 

out on tiie basis of rainfall and temperature date of some selected stetions and 

thereby, they are reliable for their respective stetions only, while the actual 

estimation has been based on the daily average discharge of tiie river Balason 

near Matigara, for the 4 consecutive years (1998 to 2001). 

ii). Subterranean water flows as springs (locally known as 'jhora') even in the non-

monsoon months contribute considerable runoff and this may account for the 

positive value of 88.519 million m^ during non - monsoon months. 

iii). The recharge of water tiirough sewage disposal may also play an importent 

role in the overall estimation of surface water resource. 

8.6. Condusioii 

The high intensity rainfall on steep degraded slopes of the Balason fc>asin of lower 

Darjeeiing Himalaya causes high runoff and thereby, less amount of water 

becomes available to saturate soil and recharge aquifers, inducing phenomenal 

degradation along the hill slopes. While, moderately dense forest osver along the 

foothills reduces the run-off as well as the soil erosion and keeps some water 

available to form good ground water reserve. 

Out of the totel surface water yield of 832.942 m.m^ (mean of empirical and 

discharge method), nothing has yet fc)een utilized commercially. Similariy, its vast 
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sub-surface water reserve remains commercially untapped. It is thus, imperative 

to find out suitable ways and means to conserve such huge unutilized water 

resource both surface and sub-surface. 

The construction of a number of check-dams across the river at suitable sites to 

preserve the monsoon supply for re-distribution during tiie non-monsoon months 

would serve the immediate purpose adequately. Constî uction of mini-hydel 

projects, tapping the mountain torrents at suitable sites, such as Rinchintong 

Khoia, may provide with the vital energy for domestic and industrial activities in 

the sub-Himalayan West Bengal. Such a comprehensive approach would require 

taking more than a theoretical interest in tiie protection of forest resource and 

needing serious involvement in the task of soil and water conservation measures 

in the catchment area. 

Hence tiie problem of water management of the region under study by their very 

nature, are not such as can be tackled by any single discipline. All disciplines 

concemed with good land and water management should be brought together. 

This systematic approach to water management should be brought together for 

the maximization of regional welfare. 
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CHAPTER 9 

ENVIORNMENT IMPACT ASSESSMENT 

9.1. Introduction 

Every environmental system, whether natural or man-made, is unique, and is the 

outcome of the interrelationships and interactions between the biotic and abiotic 

factors. In some man-made environment in addition to these physical, chemical and 

t>ioiogical factors, the cultural factors may be involved, within which the system is 

composed. It has of late been realized, that man is but a part of his environment and 

he can never be outside or above it, and any human intervention, on whatever scale, 

exercises an influence - positive or negative on the environmental system. 

With man trying to improve ttie quality of life, utiliang tiie various natural resources, 

an impact in 1t>e form of ttie degradation of the natural environment occurs. It is 

realized that an approach has to be made \Adiich is to t>e cautious, after a careful 

understanding of the environment, if the development is to be sustainable. Any 

exercise without proper understanding can lead to unforeseen calamities which can 

be disastrous, endangering not only the other countless life forms but even man 

himself. Thus, the promotion of the quality of man's environment, should involve the 

estimation of the carrying capacity, a sustainable and balanced use of natural 

resources, cautious management of the changes, conservation and promotion of 

biological and cultural diversity. 

The overall impact, that the devdopmental activities in the Balason region has had 

on the environment, is an explicit form of degradation, which the region has 

undergone over the years, like in the other parts of the Darjeeling hills. Scars from 

landslides, loss of fertile top soil due to soil erosion, loss and changes in the species 

diversity of plants and animals have resulted in developmental works without proper 

understanding and planning. These natural and unnatural interactions, between the 

soil, water, vegetation and man in the region have led to drastic changes in the 
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environment. Thus, the main objectives of the environment impact assessment is to 

understand: 

• The important factors responsible for contributing to the environmental 

degradation of the region, 

• The intensity and magnitude of the environmental degradation so caused and 

• The significance, effects and repercussions of frie impact on man and the 

environment. 

9.2. Impact Identification 
9.2.1. Aims and methods : 

Impact identification brings together various developmental project characteristics 

and baseline environmental characteristics with the aim of ensuring that all potentially 

significant impacts (adverse or favourable) are identified and taken into account in 

the EIA (Environment Impact Assessment) process. Among the different states of 

EIA processes i.e., impact identification, impact prediction, impact evaluation, impact 

communication, impact mitigation, impact presentation, impact monitoring and impact 

auditing, the investigator of the present study has decided only to perform impact 

identification, as through this, she will be at>le to locate the places of impact 

magnitude of various degree within the Balason basin. 

A wide range of methods has been developed (Stover, 1972; Munn, 1979; Lee, 

1987; Wood & Lee, 1987). Soresen and Moss (1973) note that the present diversity, 

should be considered as a healthy condition in a newly formed and growing 

discipline'. The methods are divided into the following categories: 

• Checklist 

• Matrices 

• Quantitetive methods 

• Network and 

• Overiay maps 
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Among the different methods, matrices are tiie most commonly used method of 

impact identification in E.I.A. Mabices are, essentially, expansions of checklists that 

acknowledge the feet that different components of development projects have 

impacts. Placing a cross in tiie appropriate cell identifies actions likely to have an 

impact on an environmental component The main advantage is the incorporation of 

cause-effect relationships. 

The best-known type of quantified matrix is the Leopold matrix (1971). This matrix is 

based on a horizontal list of 100 project activities and a vertical list of 88 

environmental components. In tiie present sbJdy ,the quantified Leopold matrix has 

been used for the Environmental impact Assessment of the study area with minor 

modifications (Table 9.1). This is based on a horizontal list of 39 developmental 

activities under 9 broad headings and a vertical list of 58 environmental components 

under 4 broad and 12 sub-headings tiiat are applicable for the study area. 

The scope of possible interaction between the developmental activities and tiie 

environmental components is wide, as the overall impact is being considered from 

the time development started to date, and therefons, tiie assessment could aid in 

future planning. In each appropriate ceil, two numbers are recorded. The number on 

the left of the back slash represents the impacts magnitude from +10 (very positive) 

to -10 (very n^ative). That on the right represents tiie impact's significance from 10 

(very significant) to 1 (insignificant). The modified Leopold Matrix as applied for the 

said purpose is r^resented along with a "unit example of Mirik region in table 9.1. To 

esteblish a quantitative value of such impact from the matrix, tills investigator has 

applied the following simple calculation: 

Impact Magnitude xlOO 9.1. 

ES Impact Significance = —xlOO 9.2. 
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where P = positive impact; N = negative impact; TP = total parameters and S = 

significance. 

The matrix has been applied as a 'check list in 45 different sites within the study area 

for gaining an idea on the spatial distribution of environment impact of the various 

developmental activities in the Balason basin..This helps in producing two maps: 

(i) impact magnitude 

(ii) impact significance 

9.2.2. Impact magnitude: 

Figure 9.1. depicts the different zones of the magnitude of environmental impact of 

development activities. Impact magnitude are found to vary from highly positive (300) 

to highly negative (-300). In general various magnitude of positive impacts have been 

found to be more wide spread in the northern half of the study area; while the 

negative impacts of different magnitude predominated the southern foothills of the 

study area. The present investigator with the help of the following classes has 

attempted a more specific distribution of the different kinds of impact magnitude. 

Class I. High positive impact occurs in two very narrow strips bordering the 

extreme north-western (along Simana) and north eastern peripheries of the study 

area. These areas are still under virgin forest cover and hardly affected by adverse 

developmental impact on environment. 

Class DL Moderate positive in^Nict has been identified in the southern sections of 

the former zone, extending through Pubong and arching further east, culminating just 

above KaleJ Valley. A wedge like protuberance extends south-eastwards. A small 

wedge occurs in and around Panighatta. These ti-acts are still under natural forest 

cover of different species. Positive impact of silviculture activities can also be 

observed. 
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MAGNITUDE OF ENVIRONMENTAL IMPACT 
IN THE BALASON BASIN 
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Figure 9.1 



Class DL Low positive imiKict predominates over the northern half of the study 

area from Seeyok in the west to Tumsong in the north, through Kalej valley, Sonada 

and Dilaram in the east and as a narrow elongated strip along Nagri farm in the 

southern section of this zone. These tracts are dominated by tea plantations and 

forested areas. Although, the large scale plantations have detrimental effect on 

tModiversity, these plantations also have a b>eneficial impact on landscape and soil-

water management since soil erosion is checked and ground water aquifers are 

recharged. Consequently, a low degree of positive impact is attained. 

Class IV. Low negative impact covers an extensive section in the central region 

of the study area from MIrik through Karsiyang, Ambootia and then to Singbuli, 

Makaibari and Selim Hill. The Khaprail region also exhibits low negative impact, in 

this zone human settlements and large scale cultivation and arable farming along 

with the introduction of tea gardens have destroyed the regional biodiversity, thereby 

exerting a negative impact on the environment. 

Class V. Moderate negative impact spreads throughout the study area. In the 

northern sections, they are found in small pockete around the Dooteriah, Cedar, 

Seeyok and Margarets hope tea gardens. A nan-ow strip occurs just north of Thurbo 

and extends eastwards into Marma. In the southern half of the study area, more 

extensive regions are marked ftxjm Longview and Simulk)ari into Marionbari. Another 

wedge occupies the southern extremity along Matigara. These zones are mostly tea 

garden areas. 

In the northern hilly areas large scale destruction of forest in the steep slopes have 

induced many unfortunate environmentel repercussions like landslides and soil 

erosion. In the plain areas sunrounding Matigara, the presence of Chandmoni tea 

garden (recently converted to a township) and dense human settlements with 

associated human activities like rock quarrying and road blasting, arable farming etc. 

have had a negative impact on this region. 
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Class VL High negative ini|>act are found scattered in pockete in the central 

section of the study area. The most noteworthy is in a broad wedge east of Nagri 

Farm along the Balason tea garden. This area is characterized by the highest degree 

of deforestation and excessive human settlements. Consequently, haphazard 

constructions, inadequate drainage and unsystematic landuse have established a 

vicious circle of degradation leading to a high to very high negative impact of the 

'developmental activities' on the environment. 

9.2.3 The unpad significance : 

The spatial distribution of environmental impact significance has been identified 

based on modified Leopold matiix (table 9.1.). Such semi-quantitative rating value 

has been obtained from 45 sites chosen randomly and plotted on the map. The 

impact significance map tiius prepared t>ased on interpolation method (figure 9.2). It 

has been found that the impact significance varies from very high (8) to insignificant 

(1). The following significant classes have been identified: 

Class I. Highly significant inqiact has been identified along a few elongated 

tracts i.e., along the Dilaram-Karsiyang areas, Mirik-Thurtx>-Soureni areas, east of 

Singubuli, a large area engulfing the Nagri, Nagri Farm and Balason tea garden, 

Ambootia, Makaibari-Selim Hill region . These areas experienced most devastating 

impact of development activities on environment. Ever increasing population growtti 

and unplanned developmental activities are also found responsible for such high 

significance of environment impact. 

Class n. Moderately significant impact is most widespread and has been 

identified in most of tiie tea garden areas. Large scale destruction of hill slope 

biodiversity exerts tremendous stî ess on the delicate hill ecosystem. Use of 

fertilizers, pesticides and herbicides to augment tea production also have detrimental 

effects on the quality of land, water and atmosphere of the area. Innumerable 
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ENVIRONMENTAL IMPACT SIGNIFICANCE 
. IN THE BALASON BASIN 
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unprotected roads, foo^aths and trails cause heavy loss of surface soil and often 

invite landslides. 

Class HL MargiiiaUy sigmficant impact has been noticed in degraded forested 

areas and in plantation tracts. Reduction of biodiversity and natural regeneration, 

coupled with marginal development activities, have exerted such adverse impact. 

Class IV: Tn?ngnifirafit environinenfal inqiact has been noticed in the north 

western part of the study area around Simana Busfy, Chamong, Selimbong and 

Turzum and in the Panighatta and Khaprail area in the southern part of the study 

area. These areas are stiti free Irom any significant development and/or modification 

impact and are iarg^y covered by dense natural forests. An overview of the matrix 

suggests high interactions between the componente under modification of regime 

with tiiose of flora, fauna and land-use. The modification of regime brought about by 

the introduction of new species and management practice has negative impact on 

the environmentel components, particulariy flora and fauna and is quite significant. 

The impacts of such interactions are b^ t comprehended in the following case 

studies on vegetetional analysis of piantetions of exotic species. The otiier 

development activity having high interaction is land transformation and constiiiction, 

which has influenced the processes like flood, soil erosion and landslide, with high 

magnitude, the impact of which is very significant. This has been cleariy revealed in 

the specific case study on landslide caused by construction activity. 

9.3. Case Studies 
9.3.1. The inqiact of Cryptomeria Japontea (Dhiqn) plantattoii on the 

enviTonment: 

Witii the advent of tiie tea plantation in the British era, Cryptomeria japonica was 

introduced primarily to make tea boxes. However, due to certain environmental 

factors the fibers of this plants were thickened and thus unsuitable for such use. 

However, due to its quick growing characteristics, it was soon adopted for 
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commercial forestry. Now it has been more or less understood, that the introduction 

of this exotic species has had a negative effect on the local vegetation. 

To understand the impact of the effects of dhupi plantation, the investigator carried 

out vegetational analysis in the middle hill areas near Mirik to determine the impact of 

growing monocrop of dhupi on tiie biodiversity with particular reference to the plant 

species (photo 9.1). A similar investigation had been earlier carried out in Mahaldiram 

block of Kurseong Forest Division, one having natural forest consisting of 

miscellaneous spedes and the other of pure dhupi plantation of 1929-31 (Bhutia, 

2000). 

Vegetational analysis were carried out by utilizing quadrats of different sizes for trees, 

shrubs, climbers and sampling and the herbaceous cover (Santra, Chatterjee and 

Das, 1989). For the ti-ees 30 randomly placed quadrate of 20 x 20m were utilized in 

each of the forest types i.e. the natural mixed forest and the dhupi monoculture 

forest. Within each of these two 5 x 5m quadrate were placed for the study of the 

saplings, under ti-ees, shrubs and climbers. Within each 5 x 5m quadrat a 1 x 1 m 

quadrat was placed for the study of the herbaceous ground cover. 

The different data obtained, showing the number of quadrats has been represented 

in which, tiie total count relative frequency, relative abundance and tiie importance 

value of each species has been calculated (appendix 9.1a, 9.1b, 9.1c) Analysis of 

the data has been carried out to come to the conclusion of the effect that the dhupi 

plantation has on the overall detrimental effect on the vegetation of the region. 

Frequency class diagram (figure 9.3) of the natural forest and dhupi plantation were 

prepared and compared with the Raunkiaer's frequency class diagram. Raunikiaer's 

frequency class is given in the table 9.2. 

The Mirik natural forest was found to comprise of 41 different free species, while only 

15 species were found in association with the dhupi plantation. Moreover the number 

of trees, in the natural forest was greater, the total number being 663 as compared 
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Photo 9.1 Mirik-site of impact analysis of Cryptomeria Japonica 

Photo 9.2 Flattened Mirik Dome : note the deep gully formation 

Photo 9.3 A dumping ground for construction retuge- a future hazard 



Table 9.2 

Raukiaer's frequency class 

Frequency class 

A 

B 

C 

D 

E 

% of the Frequency 

0-20% 

21^0% 

41-60% 

61-80% 

81-100% 

FREQUENCY CLASS DIAGRAM 

90.00 

Mirik Ohupi Forest 

Raunkiaer's Natural Forest 

Mink Natural Forest 

• Mirik Natural Forest 

• Raunkiaer's Natural Forest 

• Mirik Dhupi Forest 

A 

63.83 

53.00 

85.00 

B 

14.18 

U.OO 

13.75 

0 

7.09 

9.00 

0.00 

D 

9.93 

8.00 

0.00 

E 

4.96 

16.00 

1.25 

Figure 9.3 

to 487 in the dhupi plantation, with the number of dhupi alone being 362. The upper 

storey in the natural forest chiefly comprised of trees like Acer campbellii, 

Castanopsis indica, Engelhardia spicata, Symplocus theafolia, Tetractum fraxinifolia, 

Brassiopsis hainia etc., the middle storey was occupied by smaller trees like Eurya 
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acuminata, Ehertia wallichrana, with AInus nepaulensis occurring along the steep 

slopes. 

The lower storey of shrubs chiefly were Osbeckia nepafensis, Urtica dioica, Girardina 

palmate, Eupatorium adenophorum, and climbers like Cuscuta reflexa, Steptiania 

elegans, Ipomea tumffolia etc.; the understorey in the dtiupi plantation was less 

dense with the more open spaces being occupied by exotic shrubs like Lantana 

camara, Eupatorium adenophorum, Artemesia indica. The effects on the lower 

layers were more pronounced, with respect to both the number of species and the 

total number of individual species. While 39 species were recorded in the natural 

forest with 28 being shrubs and 11 climbers, the number of shrubs and climbers were 

18 and 4 respectively in the plantations. 

The ground cover in the natural forest comprised of 41 species as compared to 28 

found in the dhupi plantation. Regeneration of trees were also found to be much 

lower in the dhupi plantation with seedlings of 11 species recorded in the natural 

forest as compared to only 7 species in the plantation. Thus, the dhupi plantation, 

which was initiated during the British era has been shown to have a detrimental effect 

on the natural vegetation of the region. The thick dense canopy does not allow 

penetration of sufficient light thus checking the growtii of the lower tiers and the 

ground cover. 

Moreover the acidic secretion of its roots have allelopathic effects and does not allow 

the growth of the lower storey (Sarkar, 1985). The absence of undergrowtin in such 

plantations may also increase the surface run-off leading to more soil erosion, 

particularly where slope gradient is more. 

A similar situation can be observed in the lower reaches of the study area where 

monoculture of Tectona grandis (teak) are being carried out in large scales along the 

lower parts of the hills and the foot hills. This includes regions like Pankhabari and 

Simulbari. The teak plant also does not support the growth of the under storey like 
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the dhupi plant The overall ecological impact of such mono-cultural practices need to 

be studied in greater deptiis although it can be said tiiat introduction of exotics have 

always had detrimental effects on the natural vegeteition of any region. 

A comparative analysis based upon Raunkiaer's Frequency Class of the tNO types of 

forests (figure 9.3) shows that the dhupi plantation deviates widely from that of 

Raunkiaer's normal forest thus, indicating that it constitutes biotically a highly 

disturt)ed site. The natural forest is close to the Raunkiaer's normal forest, but here 

too slight deviation can be observed, which shows that group with the highest relative 

frequency I.e. Class E of Raunkaer's Class is effiected. This may be due to removal of 

some of the plants of commerdal importance, grazing by domestic animals and 

removal of forest products and produce. 

9.3.2. Impact of ridge-top cattjng and tfarofwing of talus material 
downhill : 

The disposal of talus materials, resulting from the excavation of hill slopes and hill 

tops for so called developrrtent purpc^es, and in many cases into jhoras and kholas 

is a common practice in the study area. This particular case exemplifies how such an 

action has initiated a series of landslides that have affected the road communication, 

agricultural fields and threatened the fluvial environment of the river Marma. an 

important tributary to the river Balason (photo 9.2). 

The Darjeeiing Gorkha Hill Coundl in 1995, undertook an ambitious project of 

constructing a helipad in Mink area to boost tourism. The Mirik Ocxne was sheeted 

for the purpose and operations to cut the dome and level tfie area started In a war 

footing by engaging heavy bulldozers and hundred of labourers, (Bhutia, 2000). The 

excavated materials \A^S thrown dc»Amhill into the area whk^ formed the source of 

Marma Khola ignoring the consequence of such heedless action. The project was 

abandoned in 1996 for certain reasons but the damage was already done, as 

landslides occurred immediately during the monsoons resulting in the disruption of 
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CONTOUR PLAN OF THE MIRIK LANDSLIDE GEOLOGICAL AND GE 
OF THE MI 
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Figure 9.4. 



Table 9.3 

Morphology of Mirik Landslide 

Pre-slided conditions 

1.Rocks: 
Moderate to higMy 
decomposed jointed 
granite, gn«8s 
intert>edded felspaltiic 
veins. The rocks are 
cfipping at an a n ^ of 
20"- 60° toiwards NE-
SW.NNE-SSWandEES-
WVVN. A nuii4>er of joints 
have been identtfied. 

2. Alttiide:1620to 
1690 meter 

3. Sk>pe: Convex 
(25 ° -30^ 

4.Natijral vegeliriion: 
Scattered sfvubs. 

Land use: Tea gwden is 
situated just t>elow the 
threirtened area. MirN( to 
Ho8|Mtal road passes 
through this affected 
area. Shrubs are found 
scattered here and there. 

5. SdCokMjr 
Top: 10 YR 4/4 
(OiBky red) 
A«d:2.SYR4/4 
(RedcHsh Brown) 
Base: SYR 4/3 
(Reddish brown) 

Post sSded conditions (1997)* 

1 .Length of the scar: 
270 meter. 

2. Wklthofthescar: 
IMax. 95 meter 
Min: 10 meter 
Ave: 52.5 meter 

3.Depth of the scar. 
Max. 5.1 meter 
Min: 0.3 meter 
Ave: 2.7 meter 

4. Shape: Triangular 

S.Total area affected 
14,175 sq meters. 

6.Total vokjme of 
materials dsplaced: 
38;J72.5 m* 

7. Proĉ ess responsMe for the 
larKMde: Removal of basal 
support by toe oMing makes 
the stage ready for the side. 
Spontaneous Kquefacfion due 
to heavy rtMiM and cutttig of 
the lidge tops for helipad has 
actualy provided the so-called 
trigger mechanism. 

8.ModMed 8k>pe: 
Concave and irregular 
(12°-60°) 

9.Type of sHde: D^nis 
flow 

10. Special features: A number 
of giJies have devek^>ed, 
indskms have also l>een 
noticed. 

Post slided conditions (2000)** 

1 .Length of the scar: 
340 meter. 

2.Widthofthescar: 
Max.:15meter 
Mm: 12 meter 
Ave:63.5 meter 

3.Depthofthescar 
Max. 7.2 meter 
Min: 0.3 meter 

Ave: 3.75 meter 

4.Shape: Triangular 

5. Total area affected 
21,590 sq meters. 

6. Total volume of 
materiiris dteplaced: 
809(S2.5m^ 

7. F>ioces8 responsMe for the 
landaMe: Removal of basal 
support by toe cutting makes 
ttie ^age ready for the side. 

Spoirtaneous Rquefadnn due 
to heavy nrinMI and aMSi^ of 
the ridge tops for helpad f»s 
actualy provided the so-called 
trigger mechanism. 
8.ModMedalape: 

Concave »>d irregular 
(12°-65°) 

9.Type of side: Debris 
ftow 

10. Special fetdures: A number 
of gules have developed, 
inciskms have also been 
noticed. 

Remarks 

WHhin a stiort period the link 
t>etween Mirik and hospttal 
win be aflected. 

Immediate proper storm 
water draining system aiKi 
protective waUs are 
recommended. 

RMge top ctriling materials 
were thrown away akxtg the 
natural stream down sk>pe. 
These unconsoldated 
rrarterials have undergone 
massive ^ily erosion Aving 
the monsoon montfis. Such 
stream action afcmg with 
continuous toe oMing has 
adualy invited dteasbous 
tendafides akx^ the upper 
landrtdes al9ng the upper 
valey of the river Marma, a 
tribi^Hy of Balason 

•Basad on Bhutia and ** fleM obsacvalkin by the investigator. 

communication and loss of agricultural areas along the banks of the jhora. Bhutia 

(2000) has excellentiy documented the causes and effects of landslide that 

has taken place during the monsoon of 1997 (figure 9.4). The follow-up shjdy 

reveals how unscientific and irrational activities of man can cause irrevocable 

damage to the environment. The dumping of excavate materials into the source of 

Marma Khoia has initiated landslides along the entire tract of the entire tract of the 

khola, causing a series of chain reaction leading ultimately into deterioration of the 

hydrological regime of the river Balason. 
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9.4. Conclusion 

From the above studies, it can be concluded that unscientific developmental 

activities, without taking into consideration the fragile nature of the Himalayan 

ecosystem can lead to serious environmental degradation. The impact of such 

activities have been adverse and if not heeded, could lead to extensive damage to 

both human life and environment. 

It has thus become necessary that extensive studies be carried out and analysis of 

the impact of development activities be made, k)efore undertaking any such activities 

in this region. Under ttie prevailing conditions of environmental degradation in ttie 

study area, it has become absolutely necessary to have a comprehensive plan to 

offer every remedial measure, for each and every kind of adverse environmental 

effect of development project. This would also help to adopt precautionary measures 

that are pertinent and need to be followed, before undertaking any development 

activity. These have to be taken up seriously and followed carefully if the 

development activity is to have the minimal adverse effect on the ecology of the 

region. 
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ABSTRACT 

The Balason basin includes the south-western part of the Darjeeling hills and a 

section of the North Bengal terai, falling within 26° 41' N to 27** 01' N latitudes and 

88° 7' E to 88° 24' E longitudes, covering an area of 367.42 sq. km. 

Implementation of various development schemes, construction of human settlements 

and roads to cater to the ever-increasing population, exploitation of forest produce to 

generate employment, unscientific agricultural practices, growth in tourism, tea 

plantation and quarrying have triggered huge and complex disasters, on a scale, 

never encountered before in the fr'agile Balason basin. 

Geologically, it can be seen that the study area is a young, fragile regran, vwth 

intensely metamorphosed rocks like phyllites, schists, slates and gneisses covering 

most of the area. These rocks are highly weaHiered, fractured and jointed and have a 

tendency to produce sUype instability during intense rainstorm. 

The Balason basin can be geormophdogically classified into two broad zcKies: while 

the northern hilly part forms the ero^nal zone; the lovt^r southern piedmont zone 

constitute the accumulative form. Active down cutting is evident in a number of 

places ak>ng the Balason valley. The numerous geomorphic forms that occur in the 

^ j dy area are a result of tectonic disturbances and neo-tectonic activities. Major 

geomorphic forms have been identified in the study area that include ctenuded 

outiiers, dome like summits, broad ridges, trough- like valleys, wide valleys, landslide 

scars, larKistkie tongues, debris fans, deep V-shaped valleys, alluvial fan plains, river 

terraces etc. 

The quantitative analysis of the various morphometric properties of 55 third order 

basins also reveal some striking results regarding their multiple process-response 
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relationships. That the basin area (A3) is often highly correlated to many other 

morphometric variables is very much apparent. The strong correlation between the 

basin area (A3), the stream lengths (SLa.Li, L2 and L3) and stream numbers (SN3, Ni, 

and N2) suggest that local reorganization of drainage basin area may be expected to 

lead to a reduction in stream length and number. On the contrary, the negative 

relationship between basin area {A3) with drainage density {D3), stream frequency 

(F3) and relief ratio (Rh3) suggest that they are likely to increase as the basin area 

decreases. The increase in the efficiency of the drainage network may be responsible 

for the reduction of first order streams within the third order basins, as fewer streams 

are needed to meet the conditions in the area in which it has entered In the early 

stages. The still young and active Balason basin is in a state of inequiiibrium and 

moving towards a state of early maturity in the future. 

The soils of the Balason Basin can, basically, be sub-divided into 2 orders, 4 sub­

orders, 4 great groups and seven sub-groups. The soils have an inherent low nutrient 

status. The entire southern half of the study area shows deficiency in organic matter, 

nitrogen and phosphate. The dominant soil taxonomic order has been recognized as 

the Inceptisols, which cover the entire northern hilly tracts and show deficiency in 

phosphate and potassium. 

The drastic reduction of the natural forest, combined with the high annual rainfall 

exceeding 3000 mm in most parts of the basin, makes the area highly vulnerable to 

soil erosion and landslides, reducing the soil fertility, choking the streams and leading 

them to change their courses. Thus, the study area, which is geologically highly 

vulnerable and experiences very high precipitation, coupled with heedless 

deforestation and unscientific changes in the land-use pattern, poses a threat to both 

the life and property of the local inhabitants. 

Pedological studies reveal that the soil of Balason basin is erosion prone and is 

extremely precarious along the northern hilly tracts. Very high slope gradient (30» -
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40°), along with high and concentrated rainfall (2500-4500 mm) aggravate erosional 

hazards. Solum mixing, truncation and the presence of coluvial stone horizons have 

been identified in many cases, due to excessive soil erosion. 

Observations from several statistical relationships show that while most of the soil 

properties are inversely related to the slope, the rate of infiltration is p<^itively related 

to the slope. This is most probably due to complex interactions among a number of 

variables like soil texture, organic matter, thickness of A hori:a3n etc. The multiple 

correlatk>n studies also show some striking results. The spatial distributk>n of the 

relationships and their interactions in different lithological, altitudinal and slqse 

environment are analysed statistically. 

Significant relationships have been found around the broad summits in the northern 

hilly part, i.e. the gneissic area, with higher elevation (>1000 m), and southern, 

undulating plains having a gradient of less than 15°. But the pedo-geomorphic 

parameters obtained from areas having unconsolidated parent materials with 

moderate altitude (300 -1000 metre), steep gradient (>15°) fail to achieve statistrcally 

significant relationships. This is most probably due to the fact that the northern 

summit and the southern undulating plains of the Balason basin have achieved, 

pedo-geomorphically, a more stable state where the pedogenic and 

geomorphological processes have achieved some sort of equilibrium as a process -

response system. 

The northern, non-gneissic terrain and the southern piedmont areas experience 

heedless deforestation, mass movements and the streams draining through the 

region are in the habit of depositing enormous amounts of fresh silts during rains 

each year. Thus, the continuous depletion of the slope materials in the north^n hilly 

terrain and the continuous increment of highland refuges in the southern piedmont 

areas have detrimental effect towards achieving the stability of the pedo-geomorphic 

parameters. 
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The assessment of soil loss by water erosion has been attennpted through the study 

of its process and mechanisnre and apprehending a number of diagnostic criteria. 

The heedless destruction of the forest cover has had Its toll on the natural 

landscape. The degr^ation of the forest cover with increasing population pressure 

has elevated the natural soil erosion nr^nifold. The cc«rrplete severan<» of the 

fertile topsoil has gradually led to the loss of fertility and the natural regeneration of 

the forest cover has dwindled. Thus, the compactness of the soil of the study area 

has been \c^ and this has led to various environmental hazards. 

The worst affected area lies in the central parts of the Balason basin. This area is 

deforested and characterized by skeletal soil arKi very steep s l q ^ (>30°); and 

needs the immediate irr̂ f>iementertion of corvser̂ r̂tion m^isures. Spedal attention 

must be given to areas along the roads, railways, tea gardens, agricultural terraces 

and existing settlements. 

Large-scale afforestetion, ^ t h suitable tree spec^, ^ong witfi terracing and 

drains^ fEK Îities is r^c^^ary to dwck mass»^^ soli loss. Tte soutt^m parts have 

shown very low to n^l^ibte soil loss, below 5 tons/h~^^'\ Among the various 

conservation manures, the agroncxTvc measures should be given preference 

because they are 1 ^ ^qi>ensive arKi deal el1ie<^\^ in redudr^ ^tm impacts of 

raindrops, increasing infiltration, reducing run-off volume and deocmsing water 

velocities. 

An exarmnaKon of the geological setup, process of slope evolution, predpitatton, 

stoi:^ co \ ^ , iandise, soil charsK:teristics arKt hydro-̂ KKTXMrphic processes shows 

that the sludy mw^ hs^ a high p(^ential for landslide hazards. The landslides are 

more frequent in densely settted are»s, alor^ trar^pofts^km i t n ^ t ^ i garctens and 

steep cteforested va i l ^ side slopes. The study area exhibits various t y p ^ of slope 

failures, of \flrtiich slunps, soil-slips, debris-slides, rmid-rock flows and debris-ftows 

are important. 
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A close look at the landslides of the area reveals that the unsdentific and unplanned 

human interferences have greatly contributed to the disruption of the fragile hill eco­

system. In some other cases, the slides have been caused by toe-erosion of the 

drainage elements. The present study emphasizes the fact that the choice of 

remedial measures to prevent the landslides should be made after careful analysis of 

the causative factors. Consequently, the preventive structures should be designed 

taking the geomorphological and geological framework of the region and the strength 

of the materials involved in the landslide. Treatment of slope configuration, 

improvement of drainage facilities and retaining walls, afforestation and restricting 

human settlements are identified as the most important corrective and preventive 

measures to be adopted in the study area. 

The cross-sectional areas, the wetted perimeter and hydraulic radii of the Balason 

river reveal very little variations from year to year in the dry months; while the 

variations are pronounced in the monsoon months. However, the river quickly 

readjusts itself, either by erosion or deposition, in the instances when changes do 

occur. An analysis of the hydrograph reveals that high intensity discharge 

concentratirtg within a short period, relates to rainstorms, consequently, causing 

severe floods. The analysis of the suspended load of the river shows an increasing 

trend, which, accompanied by similariy increasing bed load has resulted in an 

increase in the braiding tendency of the river. The boulders and gravels carried to the 

foreland by the annual floods of the river are intensively exploited at the rate of 20 

cm/year, thereby eliminating the possibilities of large-scale river bed rising as can be 

seen in most of the other sub-Himalayan rivers of West Bengal. 

Moderately dense forest cover along the foothills reduces the run off as well as the 

soil erc^on, keeping some water available to form good ground water reserves. On 

the other hand, high intensity of rainfall on steep degraded slopes of the Balason 

basin causes high runoff and thereby, less amount of water becomes available to 

saturate soil and recharge aquifer and inducing phenomenal degradation along the 
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hill slopes. Consequently constructing a number of check dams, across the river at 

suitable sites to preserve the monsoon supplies for re-distribution during the non-

monsoon months, would serve immediate purpose adequately. 

A quantitative assessment of the environmental impact of the developmental 

activities has been attempted t>ased on Leopold's matrix. Under the prevailing 

conditions of environmental degradation in the study area, it t)ecomes essential to 

create a comprehensive plan to offer remedial measures for each and every kind of 

adverse environmental effect of development projects. The pertinent precautionary 

measures will then have to be taken up and followed seriously, if the developmental 

activity is to have minimal adverse effect on the environment. 

Unscientific development activities, without taking into consideration the fragile nature 

of the Himalayan ecosystem, can lead to serious environmental degradatk>n. And at 

this juncture, whether v ^ opt for a 'green earth' or a 't^rren landscape' - the chok:e 

is entirely ours ! And if the rampant, heedless e}q:>bitation of Mother Nature 

(x>ntinues at the present rate, Hans Reiger has already sounded the alarm : " There 

is onCy one J^imcUaya to Cose 11 " 
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Appendix 6.a. 

CHECKLIST OF THE IDENTIHCATION OF LANDSLIDE-PRONE AREAS 

Locality: TankfiaBari 
Observer: Indira Lepcfta (nee Lama) Date: iS^ J^ovemBer, 2000. 

\. Relief 

a) Valley depth: 
b). Slope steepness 
c). Cliff 
d). Height difference 

be^<een different 
vaileys 

e) Valley slide slope 

Rafmg 

Small 
Low 
Absent 

Small 
Spur 

1 

1 

Moderate 
Moderate 

Moderate 
Straight 

2 

2 
2 

Large 
Steep 

Large 
shallotv 
cove 

3 

3 
3 

Very large 
Very steep 
Present 

Very large 
deep cove 

4 

ii. Drainage 

a) Drainage density 
b) River gradient 
c) Slope undercutting 
d) Concentrate seepage 

flow 

e) Standing water 
f) Recent Incision 
g) Pore vrater 

pressure 

RaOng 

Low 
Gentle 
None 

Absent 

At>sent 
Absent 

Low 

1 

1 

1 
1 

Moderate 
G«ttle 
None 

Aiisent 
Absent 

Low 

2 

2 High 
Steep 
Severe 

Moderate 
High 

High 

3 

3 

3 

Very high 
Very ^eep 
Very severe 

Present 

High 
High 

Very high 

4 

4 

III. Bed Rock: 

j . Jointing density 
b) Amount of dip 
c) Strong t>ed over 

weak bed 
d) Hardness 
e) Tedure 

f) Degree of 

Weathering 
g) Compressive 

strength 
h) Porosity & 

permeability of 
bed 

rocks 

Rating 

Low 
Horizontal 

Absent 
High 
Very fine 

None 

High 

Very low 

1 

1 

Moderate 
Small 

High 
Fine 
grained 

Small 

Moderate 

Low 

2 

2 

2 

High 
Moderate 

Moderate 

Medium 

Moderate 

Low 

Moderate 

3 

3 

3 

3 

3 

3 

Very high 
Large 

Present 
Lew 

Coarse 

Large 

Very high 

High 

4 
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IV. Soils: 

a> &[» 

b) A n ^ of rest 

c) Depth 
d) Shear strength 
e) Liquidity ind«( 
f) Volume of 

Expansion 
g) Orgarac matter 
h) Ponwity&sand 

pannealsUity 
i) Coherent i>ed over 

incohoent t)ed 

Ra^ 

Vatteyltoor 

IJOW 

Smalt 
High 
Low 

Lxjw 
Veryhij^ 

Low 

Alwent 

1 

1 

1 

Gentle 
Slope 
Moderate 
Moderate 
Moderate 

Moderate 
H i ^ 

Moderate 

2 

2 

2 
2 

2 

Moderate 
Slope 
Steep 
Large 
Low 
High 

High 
Moderate 

High 

3 

3 

3 

Steep 
Slope 
Vety steep 
Very large 
Very low 
Very high 

Very high 
Low 

Very high 

Present 

4 

V. Legacies from the Past 

a) Previous landslides 
b) Deep weathering 
c) Fossil soltfiuction 
d) Evidence of active sort erosion 

Ralmg 

Abs&t 
None 
Ak>sent 

Absei:^ 

1 

1 

Rare 
Slight 
Slight 

Slight 

2 

Some 
Moderate 
Some 

Some 

3 

3 
3 

Many 
Much 
Many 

Many 

4 

4 

VI. Man Made Features: 

a).. Excav^ion depth 
b). Excavation position 
c). Reservoir 
d). Drainage divension across 

htHside 
e). Cutting of basal support 
f). LoacKng of upper valley 
g). Deforestalion 
h). Root crop cultivation 
i). UnscienHfib construction 
j). Unsdentiflc terracing 

Ra^ 

None 
Hilt crest 
Absent 

AbeeiA 
AtKent 
None 
Atwent 
Absent 
At)sent 
Absent 

1 

1 

1 

Small 
H i ^ valley 
Small 

S i ^ 
S ^ t 
Slight 
Slight 
Slight 

2 

2 
2 

2 

2 

Small 
Low valley 
Deep 

Moderate 
Moctarate 
Modarate 
Moderate 
Moderate 

3 

3 
3 
3 

Large 
Bottom valley 
Very deep 

Preeervt 
Present 
Large 
Hi(^ 
H i ^ 
K«gh 
H i | ^ 

4 

4 

Modified from Cooke and Ooomkamp, 1974. 

Degree, .of. suscepitihility = 1 OQrJ- Taud..Boting.yahu 
Total..Ntanber..cf..Sttidied..Jteiiui 

= 1 0 0 x ^ = 146.16 
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Appendix 8a. 
DISTRIBUTION OF RAINFALL, TEMPERATURE, EVAPORATION LOSS AND 

RUN-OFF (MONTHLY) OF DIFFERENT STATIONS 
!—IT— 
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Kal^ Valley 

Months 

January 

February 

March 

April 

May 

June 

July 

August 

September 

Octol»r 

November 

December 

Months 

January 

February 

March 

A4»rtl 

May 

June 

July 

August 

September 

October 

November 

December 

Morrths 

January 

February 

March 

April 

May 

June 

July 

August 

Septemt>er 

Octotier 

November 

December 

Temperature 
ln°C 
10.82 

13,83 

17.12 

19.91 

20.9 

21.9 

2a 23 

23.42 

21.94 

20.32 

15.23 

13.82 

Temperature 
tn°C 

10.95 

13.96 

17.25 

20.11 

21.03 

2Z04 

23.36 

23.55 

22.07 

20.45 

16.16 

13.95 

Temperature 
in°C 

8.93 

9.74 

12.46 

16.05 

1741 

19.15 

19.64 

20.04 

17.69 

15.97 

13.28 

10.41 

Rainfall 
in mm 

7.5 

22.7 

49.3 

118.4 

165.5 

429.8 

918.4 

385.8 

216.3 

162.5 

22.6 

3.5 

Rainfall 
in mm 

11.4 

23.2 

68.1 

114.6 

203.4 

481.6 

663.9 

512.7 

286.4 

172.9 

48.4 

11.2 

Rainfall 
In mm 

9.8 

1^2 

15.3 

97.1 

108.4 

588.8 

972.6 

405.1 

255.8 

90.6 

23.8 

8.9 

Evaporation loss In 
mm 

52.17 

56.68 

8255 

96.00 

100.77 

105.59 

112.01 

112.92 

1t».79 

9797 

73.43 

66.63 

Oooteriah 

Evaporation loss 
in mm 

52 80 

6731 

83.17 

96.96 

101.40 

106.27 

112.63 

113.55 

106.41 

98.60 

77.92 

6728 

Sungma 

Evaporation loss in 
mm 

43.06 

46.96 

60.06 

77.39 

83.94 

92.33 

94.70 

96.62 

85.29 

77.00 

64.03 

50.19 

Evaporation loss 
as % of rain^ll 

60.89 

24.57 

1220 

29.27 

48.91 

60.29 

Evaporation loss 
as % of rainfall 

84.61 

49.85 

2207 

16.97 

22.15 

37.16 

57.03 

Evaporation loss 
as % of rainfall 

79.70 

7744 

15.66 

9.74 

23.85 

33.34 

84.99 

Runoff in 
mm 

-44.67 

-43.98 

-33.K 

22.40 

64.73 

324.21 

806.39 

272.88 

110.51 

64.53 

-50.83 

-63.13 

Runoff in mm 

-41.40 

-44.11 

-15.07 

17.64 

102.00 

375.33 

551.27 

399.15 

179.99 

74.30 

-29.52 

-56.06 

Runoff in mm 

-33.26 

-34.76 

-44.78 

19.71 

24.46 

497.47 

877.90 

308.48 

170.51 

13.60 

-40.23 

-41.29 

Run-off as % of 
rainfall 

39.11 

75.43 

87.80 

70.73 

51.09 

39.71 

Run-off as % of 
rainfall 

15.39 

50.15 

77.93 

83.03 

7785 

6284 

4297 

Run-off as % of 
rainfoll 

20.30 

2256 

84.34 

90.26 

7615 

66.66 

15.01 
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Longview 

Months 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

Novanber 

December 

Temperature 
InoC 
13.83 

15.91 

19.93 

22.51 

24.63 

24.7 

25.01 

2592 

24.81 

23.73 

18.63 

15.81 

Rainfall 
in mm 
23.2 

55.8 

78.4 

107.2 

394.1 

964.1 

1359.1 

998.9 

791.8 

266.4 

53.9 

23.6 

Evaporation loss in 
mm 

66.68 

76.71 

96.09 

108.53 

118.76 

119.09 

120.59 

124.98 

119.62 

114.42 

8983 

76.23 

Evaporation loss 
as % of rainfall 

30.13 

12.35 

8.87 

12.51 

15.11 

42.95 

Runoff in mm 

-43.48 

-20.91 

-17.69 

-1.33 

275.34 

845.01 

1238.51 

873.92 

672.18 

151.98 

-3593 

-5263 

Run-off as % of 
rain^il 

69.87 

87.66 

91.13 

87.49 

84.89 

57.05 

Seeyok 

Months 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Temperature 
in-C 
10.26 

11.06 

13.81 

17.34 

18.75 

20.46 

21.15 

21.37 

19.05 

18.42 

14.64 

11.94 

Rainfall 
in mm 

6.4 

18.9 

36.4 

98.6 

249.9 

341.7 

701.8 

503.9 

206.5 

107.2 

17.3 

8.2 

Evaporation loss in 
mm 

49.47 

53.33 

66.59 

83.61 

90.41 

98.66 

101.98 

103.04 

91.M 

88.81 

70.59 

57.57 

Evaporation loss 
as % of rainfall 

84.79 

36.18 

28.87 

14.53 

20,45 

44.48 

82.85 

Runoff in mm 

-43.07 

-34.43 

-30.19 

14.99 

159.49 

243.05 

599.82 

400.86 

114.65 

18.39 

-53.29 

-49.37 

Run-off as % of 
rainfall 

15.21 

63.82 

71.13 

85.47 

79.55 

55.52 

17.15 

Gopaidhara 

Months 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Temperature 
in°C 
10.01 

10.81 

13.56 

17.08 

18.48 

20.03 

20.89 

21.12 

18.79 

18.06 

14.38 

11.48 

Rainfall 
in mm 
10.9 

9.2 

11.6 

105.6 

181.6 

308.4 

837.2 

416.2 

230.8 

175.8 

28.8 

8.6 

Evaporation loss 
in mm 
48.26 

52.12 

65.38 

82.35 

89.15 

96.58 

100.72 

101.83 

90.60 

87.08 

69.33 

55.35 

Evaporation loss 
as % of rainfall 

77.99 

49.09 

31.32 

12.03 

24.47 

39.25 

49.53 

Runoff in 
mm 

-37.36 

-42.92 

-53.78 

23 .» 

S2.45 

211.82 

736.48 

314.37 

140.20 

88.72 

-40.53 

-46.75 

Run-off as % of 
rainfall 

22.01 

50.91 

68.68 

87.97 

75.53 

60.75 

50.47 

178 



Margaret's Hope 

Months 

January 

February 

March 

April 

May 

June 

July 

August 

Septemt>er 

C>ctot>er 

Novemt>er 

Decentt>er 

Temperature C 

10.82 

13.83 

17.12 

19.91 

20.9 

21.9 

23.23 

23.42 

21.94 

20.K 

16.23 

13.82 

Rainfall mm 

22.3 

26.6 

70.1 

158.5 

201.2 

415.8 

996.8 

561.8 

361.1 

152.9 

31.5 

10.5 

Months 

January 

February 

March 

April 

May 

June 

July 

August 

Septemt>er 

October 

November 

December 

Temperature 
in'C 
14.93 

16.89 

20.98 

23.7 

25.60 

26.13 

26.22 

26.75 

25.96 

24.64 

19.69 

16.92 

Rainfell 
in mm 
15.2 

31.8 

57.2 

95.2 

396.5 

864.6 

1173.9 

698.5 

492.2 

157.5 

19.7 

17.3 

Months 

January 

February 

March 

April 

May 

June 

July 

August 

Septenriber 

October 

November 

December 

Temp, in C 

13.31 

15.39 

1941 

21.99 

24.11 

24.18 

24.49 

25.4 

24.29 

23.21 

18.11 

15.29 

Rainfell in mm 

10.3 

17.1 

46.8 

109.3 

189.3 

847.6 

1168.3 

451.1 

459.9 

93.2 

31.6 

5.9 

Evaporation 
loss mm 

5217 

66.68 

82.55 

96.00 

100.77 

105.59 

112.01 

112.92 

105.79 

97.97 

73.43 

66.63 

Evaporation loss 
as % of rainfall 

60.57 

60.09 

25.40 

11.24 

20.10 

29.30 

64.08 

Panighatta 
Evaporation 
lossinnvn 

71.99 

81.44 

101.16 

114.27 

123.87 

125.99 

126.42 

128.98 

125.17 

118.80 

94.94 

81.58 

Manjwa 

Evaporation 
loss mm 

64.18 

74.20 

93.59 

108.03 

116.25 

116.59 

118.08 

122.47 

117.12 

111.91 

87.32 

73.72 

Evapordion loss as 
% of rannfall 

31.az 
14.57 

10.77 

18.48 

25.43 

7543 

Evaporation loss as 
% of rainfall 

97.01 

61.41 

13.75 

10.11 

27.15 

2547 

Runoff 
mm 

-29.87 

^0.08 

-1245 

6Z50 

100.43 

310.21 

884.79 

448.88 

256.31 

54.93 

-41.93 

-56.13 

Run oft as % of 
rainftill 

39.43 

49.91 

74.60 

88.76 

79.90 

70.70 

35.92 

Runoff in 
mm 

-56.79 

-49.84 

-43.96 

-19.07 

271.63 

738.61 

1047.48 

569.62 

387.03 

38.70 

-75.24 

-64.a 

Run-off as % of 
rainfall 

68.68 

8543 

89.23 

81.64 

74.57 

24.57 

Runoff mm 

-53.88 

-57.10 

-46.79 

3.27 

73.05 

731.01 

1050.22 

328.63 

342.78 

-18.71 

-55.72 

-67.82 

Run-off as % of 
rainlMI 

Z99 

38.59 

86.25 

89.89 

7Z8S 

74.53 

179 



Months 

January 

February 

March 

April 

May 

June 

July 

August 

September 

Octcdber 

htovember 

Temp, in C 

10.18 

10.36 

13.73 

17.26 

18.67 

20.42 

21.07 

21.29 

18.97 

18.24 

14.56 

Rainfall in mm 

10.41 

21.31 

30.03 

101.8 

188.44 

373.75 

790.8 

458.88 

297.21 

103.23 

15.66 

Tumsong 
Evaporation loss 

nf»m 
49.08 

52.94 

66.20 

83.22 

90.02 

98.46 

101.59 

102.65 

91.47 

87 .» 

70.20 

Evaporation loss 
as % of rainfall 

47.77 

26.34 

1285 

22.37 

30.77 

85.19 

Runoff mm 

-38.67 

-31.63 

-36.17 

18.58 

98.42 

275.29 

689.21 

356.23 

205.74 

15.28 

-54.54 

Run-off as % of 
rain^H 

5Z23 

73.66 

87.15 

77.63 

69.23 

14.81 

ThurtK) 
Months 

January 

February 

March 

April 

May 

June 

July 

August 

S^itember 

October 

^4olven^ber 

December 

Temperature 
in»C 
10,48 

1361 

16.65 

17.41 

13.3S 

20.67 

21.76 

22.74 

19.95 

18.46 

14.96 

1202 

Rainfall 
in mm 
189 

24.3 

59.1 

96.3 

329.6 

577.6 

766.9 

458.7 

186.7 

94.3 

39.8 

28.4 

Evaporation loss 
in mm 
50.53 

65.62 

80.28 

83.94 

93.49 

99.66 

104.92 

109.64 

96.19 

88.01 

7X13 

57.96 

Evaporation loss 
as % (rf ran^l 

28.36 

17.25 

13.68 

23.90 

51.52 

94.39 

Runoff in 
mm 

-31.63 

-41.32 

-21.18 

1236 

236.11 

477.94 

661.98 

349.06 

90.51 

5.29 

-3233 

-29.Sfe 

Run-off as % 
of rMnfal) 

71.64 

82.75 

86.32 

76.10 

4&48 

5.61 

Pankhabari 
Months 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

Movember 

December 

Temp, in C 

13.92 

16.16 

21.24 

22.63 

24.71 

24.99 

25.4 

25.98 

24.S7 

23.81 

18.11 

15.2 

Rainfell in 
mm 
194 

21.8 

49.6 

110.9 

211.8 

814.9 

916.9 

722.8 

511.8 

148.2 

26.7 

9.8 

Evaporation loss 
mm 

67.12 

77.92 

102.41 

109.11 

119.14 

120.49 

122.47 

125.27 

119.91 

114.80 

87.ffi 

73.29 

Evaporation l06s 
as % of ranfall 

56.25 

14.79 

13.36 

17.33 

23.43 

77.46 

Runcrff mm 

-47.72 

-56.12 

-5281 

1.79 

92.66 

694.41 

794.43 

597.53 

391.89 

33.40 

-60.62 

-63.49 

Run-off as % 
of rainfall 

43.75 

W.21 

86.64 

82.67 

76.57 

2254 
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Balason 
Months 

Januaiy 

Febcuary 

March 

April 

May 

June 

July 

August 

SeptBml>er 

Octotter 

November 

December 

Months 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Months 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Temp, in C 

11.e& 

14.75 

17.75 

20.51 

21.5 

22.67 

23.87 

24.85 

22.76 

21.57 

16.67 

13.42 

Temp, in C 

9.46 

10.27 

13.01 

16.54 

17.94 

19.69 

20.17 

20.57 

18.23 

17.51 

13.82 

10.94 

Temp, in C 

16.54 

18.59 

22.82 

28.31 

25.48 

27.83 

27.92 

28.63 

27.71 

26.41 

21.62 

18.67 

Rainfall in mm 

10.8 

14.7 

27.6 

106.4 

327.3 

516.5 

961.3 

429.9 

240.9 

149.4 

242 

138 

Rained in mm 

8.7 

11.7 

486 

94.5 

14S.6 

503.7 

959.6 

588.3 

345.2 

115.9 

16.4 

5.7 

Rainfall in mm 

9.7 

16.4 

432 

96.7 

285.9 

784.9 

996.8 

730.1 

557.9 

175.9 

29.8 

6.8 

Evaporation 
toss mm 

56.36 

71.12 

85.58 

98.89 

103.66 

108.31 

115.09 

119.82 

100.74 

104.00 

80.38 

64.71 

Evaporation 
loss as % of 

rainfall 

31.67 

21.16 

11.73 

27.87 

45.55 

69.61 

Runoff mm 

-45.56 

-56.42 

-57.98 

7.51 

223.64 

407.19 

866.21 

310.08 

131.16 

45.40 

-56.18 

-50.91 

Pubong 

Evaporation loss 
mm 

45.61 

49.52 

62.73 

79.75 

86.50 

94.94 

97.25 

99.18 

87.90 

84.43 

66.63 

52.75 

Evaporation 
loss as % of 

rainfall 

84.38 

57.82 

18.85 

10.13 

16.83 

25.46 

72184 

Runoff mm 

-36.91 

-37.82 

-14.13 

14.75 

63.10 

408.76 

882.35 

480.12 

257.30 

31.47 

-50.23 

-47.06 

Matigara 

Evaporation loss 
mm 

79.75 

89.63 

109.06 

138.50 

122.85 

134.19 

134.62 

138.04 

132.84 

127.34 

104.24 

90.02 

Evaporation 
loss as % of 

rainfall 

42.97 

17.10 

13.51 

18.91 

23.81 

7 i 3 9 

Runoff mm 

-70.05 

-73.23 

-65.86 

-39.80 

163.05 

650.71 

832.18 

592.06 

425.06 

48.56 

-74.44 

-83.22 

Run-Off as % 
of rwnfcrti 

68.33 

78.84 

88.27 

72.13 

54.45 

30.39 

Run-off as % 
of raintall 

15.61 

4Z18 

81.15 

88.87 

83.17 

74.54 

27.16 

Run-off as % 
of rain^i 

57.03 

82.90 

86.49 

81.09 

76.19 

27.61 
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Marionbari 
Months 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Temp, in C 

16.01 

18.28 

22.17 

2S.09 

27.18 

27.32 

27.45 

28.04 

27.16 

26.03 

21.28 

17.89 

Months 

January 

February 

March 

A|>ril 

May 

June 

July 

August 

September 

October 

November 

December 

Temp, in C 

12.86 

14.32 

18.92 

21.67 

23.78 

23.81 

24.03 

25.03 

23.92 

22.71 

16.82 

14.8 

Months 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Temp C 

10.26 

11.07 

13.82 

17.34 

18.75 

20.5 

21.15 

21.38 

19.05 

18.32 

14.64 

11.94 

Rainfall in 
mm 
16.8 

252 

58.9 

118.6 

404.9 

998.2 

1256.9 

768.4 

402.5 

234.9 

40.7 

9.8 

Rainfell in 
mm 

19.45 

28.4 

32.06 

251.7 

423.8 

601.6 

1026.3 

Q82.2 

433.4 

180.2 

31.8 

11.6 

Rainfall in mm 

152 

39.6 

49.2 

1255 

203.6 

624.8 

933.7 

550.2 

295.5 

97.5 

19.7 

7.3 

Evaporation 
loss mm 

77.19 

88.14 

106.^ 

120.97 

131.05 

131.73 

132.35 

135.20 

130.91 

125.51 

102.60 

86.26 

Ambootia 
Evapor«rtion 

loss mm 

62.01 

71.94 

91.22 

104.48 

114.66 

114.«) 

115.86 

120.68 

115.33 

109.50 

81.10 

71.36 

Chamong 
Evaporation 

loss mm 

49.47 

53.38 

66.63 

83.61 

90.41 

98.84 

101.98 

103.09 

91.85 

88.33 

70.59 

57.57 

Evaporation loss 
as % of rainfall 

32.37 

1 3 . ^ 

10.53 

1759 

32.52 

53.43 

Evapor^ion loss 
as % of rainfall 

41.51 

27.05 

14.32 

11.29 

17.69 

26.61 

2584 

Evaporation loss 
as % of rainfall 

66.62 

44.40 

15.82 

10.92 

18.74 

31.08 

90.60 

Runoff mm 

-60.39 

-62.94 

-117.99 

-2.37 

273.85 

866.47 

1124.55 

633.20 

271.59 

109.39 

-61.90 

-76.46 

Runoff mm 

-42.56 

-43.54 

-59.16 

147.22 

309.14 

688.80 

910.44 

561.52 

318.07 

70.70 

-49.30 

-59.76 

Runoff mm 

-34.27 

-13.78 

-17.43 

41.89 

113.19 

526.96 

831.72 

447.11 

203.65 

9.17 

-50.89 

-50.27 

Run-off as 
% of rainfall 

67.63 

86.80 

89.47 

82.41 

67.48 

46.57 

Run-off as 
%of 

rainfall 

58.49 

72.95 

8568 

88.71 

82.31 

73.39 

39.23 

Run-off as 
%of 

rainfall 

33.38 

55.60 

84.18 

89.08 

81.26 

68.92 

9.40 
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Mahaldiram 
Monttis 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

Novemtier 

Decenrtber 

TempC 

9.06 

10.22 

12.79 

16.03 

17.91 

19.21 

20.09 

20.5 

18.03 

17.31 

13.71 

10.88 

Rainfall in mm 

1Z18 

39.66 

59.42 

106.54 

288.59 

933.26 

1050.89 

773.56 

651.39 

118.39 

18.99 

6.56 

Evaporation loss 
mm 

43.64 

4928 

61.67 

77.29 

86.% 

9Ze2 

96.87 

98.84 

86.93 

83,46 

66.10 

5Z46 

Evaporation 
los«a8%of 

rainfell 

7Z55 

29.82 

9.92 

9.22 

12.78 

13.35 

70.50 

Rumrff mm 

-31.48 

-9.62 

-2.25 

29.26 

2t».24 

840.64 

954.02 

674.72 

564.46 

34.93 

-47.11 

-45.90 

Run-off as 
%orrainMt 

27.45 

70.18 

90.06 

90.78 

87.22 

aeM 

29.50 
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Appendix 9a. 
COMPUTATION OF DATA OBTAINED FROM THE (20 X 20 mts). QUADRETS 

FOR TREES AND UNDER-TREES IN THE TWO FOREST TYPES. 
Abimewationg Used: QR= Quadrat rapresenied: TC= Tolal count RD= Reiaiiwedensî  RF= Rebliveftequenĉ  IV̂  1 

Name of the plant species 

Acer caniiH>eti 
Acer thomson Miq. 
Mxda myriophy^ Benth. 
Aldmandra cMhcarthi (Hook.f. et Thorns.) ex Dandy 
f^Hts n^jaulensfs D. Don 
Arafaarmata Seemann 
BeischmietSa roxburgiana Hoolef. 
Brassaibpss ftaiife (HamilL)Seeman 
Brassatopss irMs Clarice 
MacMbs vft)sa. 
Rfiodocfendron fatoonerf 
CestmKpsis hystrix 
dnnamomiam (Musifdgam Nees. 
Cryf^omeriajapofnca (L.f.) D.Oon 
ttexdpymna 
Symplocus phyktcefyx 
OShnm pentagyna L. 
DuBbanga granOKtora (DC)Walpers 
Birya j^xmica 
Baaocarpus lancefoSus Haxb. 
Baaocarpus sikkimensis Mast. 
BngetiartKa spicata Lesch.ex Blume 
Bylhrina artonum 
Buya acurmrmta DC. 
BtbucMafMMa popkmea (Griff. )R. W.Brown 
fiois hookaiimta Comer 
ftus nemvaSs. 
Lagemstroerma regihaa Roxb 
Biobotrya paOolata 
MscMbsadbis King ex Hook. f. 
Vacropanax dispennus (Blume; Kuntze 
Msesa c/Msm Buch. & Ham.ex D.Don 
Magnoia csmpbaK Hook.f. et Thorns. 
Quarcus fnesta 
MichaSavaMina DC. 
Uthocarpus p&:hyphyla 
Leuoocaptnmi o»mum 
Pentapanax iragrans 
Prunus caracoUes D.Don 
Rhodo^iandron gfanda 
fViododendmn arboraum Smith 
Rhus suocendanaa Hook. F. 
Sai/fsua ns/Dauienss DC. 
Sc/wfltars vanulbaa (Wight etArn.)Harms 
ScMna wafcMi (DC) Korthats 
Symplocus tttaefofa D.Don. 
Onnamormtm imprassinannim. 
Talraclum traxkUMa (Hook.) Hartley 
"ZaMtox^km BcanUiopodum DC. 

Total 

QR 

26 
6 
5 

23 
13 
9 
5 

21 
2 
2 
2 
19 
18 
3 
3 
6 
1 
2 
19 
3 
3 
19 
3 
26 
3 
5 
2 
3 
19 
2 
2 
6 
1 
7 
11 
2 
2 
5 
13 
5 
6 
17 
3 
4 
7 

21 
2 

27 
5 

TN 

32 
18 
11 
27 
32 
13 
15 
24 
7 
11 
3 
28 
21 
5 
3 
9 
2 
4 
23 
5 
4 
29 
11 
32 
10 
9 
2 
4 
21 
3 
5 
11 
1 
14 
16 
6 
9 
16 
21 
9 
9 
19 
5 
9 
11 
37 
3 
31 
13 

663 

l̂ atural forest 

1 RD 1 RF 
4.827 
2.715 
1.659 
4.072 
4827 
1.961 
2.262 
3.62 
1.056 
1.669 
0.452 
4.223 
3.167 
0.754 
0.452 
1.357 
0.302 
0.603 
3.469 
0.754 
0.603 
4374 
1.659 
4.827 
1.506 
1.357 
0.302 
0.603 
3.167 
0.452 
0.754 
1.659 
0.151 
2.112 
2.413 
0.905 
1.357 
2.413 
3.167 
1.357 
1.367 
2.866 
0.754 
1.357 
1.659 
5.581 
0.452 
4.68 
1.961 

86.67 
20 

16.67 
7667 
43.33 

30 
16.67 

70 
6.667 
6.667 
6.667 
63.33 

60 
10 
10 
20 

3.333 
6.667 
63.33 

10 
10 

63.33 
10 

86.67 
10 

16.67 
6.667 

10 
63.33 
6.667 
6.667 

20 
3.333 
23.33 
36.67 
6.667 
6.667 
16.67 
43.33 
16.67 

20 
56.67 

10 
13.33 
23.33 

70 
6.667 

90 
16.67 

IV 

91.49 
22.71 
18.33 
80.74 
48.16 
31.96 
18.93 
73.K 
7.722 
8.M6 
7.119 
67.56 
63.17 
10.75 
1045 
21.36 
3.635 
7.27 
66.8 
10.75 
10.6 

67.71 
11.66 
91.49 
11.51 
18.02 
6.968 
10.6 
66.5 
7.119 
7.421 
21.66 
3.484 
25.44 
39.08 
7.572 
8.024 
19.08 
46.5 
18.02 
21.36 
59.53 
10.75 
1469 
24.99 
75.58 
7.119 
94.7 
18.63 

QR 
5 

-
-
-
6 
11 

-
7 

-
-
-
5 

-
30 

-
-
-
-
-
-
-
7 
7 
1 

-
-
-
-
2 

-
-
-
3 

-
2 
-
-
-
2 
-
1 
-
-
-
3 
1 

-
-
-

mportancevakie. 

Dhupi plantation 

TN 

9 

-
-
-

21 
13 

-
12 

-
-
-
9 

-
3 ^ 

-
-
-
-
-
-
-

13 
13 
1 

-
-
-
-
9 

-
-
-
5 

-
2 
-
-
-
7 
-
3 
-
-
-
7 
1 

-
-
-

487 

RD 

1.837 

-
-
-

4286 
2.653 

-
2.449 

-
-
-

1.837 

-
73.88 

-
-
-
-
-
-
-

2.653 
2.653 
0.204 

-
-
-
-

1.837 

-
-
-

1.02 

-
0.408 

-
-
-

1.429 

-
0.612 

-
-
-

1.429 
0.204 

-
-
-

RF 

1667 

-
-
-

20 
36.67 

-
23.33 

-
-
-

16.67 

-
100 

-
-
-
-
-
-
-

23.33 
23.33 
3.333 

-
-
-
-

6.667 

-
-
-

10 

-
6.667 

-
-
-

6.667 

-
3.333 

-
-
-

10 
3.333 

-
-
-

IV 

18.5 

-
-
-

2429 
39.32 

-
25.78 

-
-
-

18.5 

-
173.9 

-
-
-
-
-
-
-

25.99 
25.9S 
3.537 

-
-
-
-

8.503 

-
-
-

11.02 

-
7.075 

-
-
-

8.095 

-
3.946 

-
-
-

11.43 
3.537 

-
-
-

184 



Appendix 9 b. 
COMPUTATION OF DATA OBTAINED FROM THE (5X5 mts). QUADRETS FOR 

SHRUBS, TREE SEEDLINGS AND CLIMBERS IN THE TWO FOREST TYPES. 
Attr«waBon8iiaed:QR=QiBrtratwpBsen>Bd:TC=To>al count W ^ 

Name of the plant species 

Aconogmum mole (D.Don.) Hara 
Mstoloclm raxbursfiiana Hook.f. et 
Aftem^aio ktdica Wtlkl. 
Anm<Snaria ma^g 
Boefimema macrophyta D.Don 
Calamus erectus Roxb. 
Cestnim awBnUcum 
Cestrum fasiculatum 
Cestnim noctumum 
damefOs itHXf^ana 
Oematis smgdnifofa Wall. 
Cmtolaria mucronata Desvaux 
Crotofana (etragona Andrews 
Oatura stramoni/m L. 
Oictwoa fabrifugs. 
Oiscona btM/era L.. 
Discoraa detoklea Wall. 
^Idaiia darjaelBngsis. 
Bsf/tziaUandaBeiHt). 
Eupeioiium attonophorum Sprengei 
S^nftja paUnata (Forsk.)Gaudichaucl 
Gleichania gbuca 
Noobois pant^yla 
MahaiM aoanttHola 
Mahonto sOdamaneis 
OsbecUa napafamis Hook. 
P^ier attammtum Ham. 
PlaC^wMtu& hcenus Link. 
Pcfygonum Omtanais 
Rubus o^plicus 
Rubus p»^cutotus 
Sambucus Hookari Rehder 
Sechium adule (Jacq.) Swartz 
SotammngnmL. 
StroblaiHhaa pectkiatus Graham 
Tf^rsanolaana maxwna (Roxb. )Kuntz. 
UrttsadMca L. 
\4burmM7i coraoaanum Sfume 
\flbumum anAaaconoa. 

Tree seedlings 
Arataannata Seemann 
Brassaiopw mAw Clarke 

Ct^anop^ t^tric 
Cryptomaria/aponica (Lf.) D.Don 
fVius succadama 

MaOitus aduls King ex Hook, f 
Mmimi9cew)pbeiiiHook.f. eft Thorns. 
fVtododmdmn arborm/m 

Quarcus lamalMa 
Bythma arboraacanca 
Telractum fiwdnMa (Hook.) Hartley 

Total 

QR 

47 
6 
22 
6 
32 
14 
14 
7 
6 
14 
4 
12 
6 

e 
27 
10 
14 
9 
5 

36 
48 
6 
12 
11 
6 
49 
10 
7 
5 
5 
17 
4 
15 
24 
9 
4 
44 
8 
40 

2 
8 
11 
24 
3 
11 
7 
5 
7 
17 
10 

Natural forest 

TC 

78 
11 
58 
29 
67 
19 
37 
21 
31 
30 
7 
31 
16 
11 
78 
21 
22 
52 
14 
37 
83 
23 
16 
21 
17 
54 
27 
26 
17 
18 
26 
9 

25 
51 
48 
13 
61 
31 
59 

3 
d 
22 
58 
7 
32 
11 
13 
17 
23 
15 

1505 

RD 

5.09 
0.T2 
3.79 
1.89 
4.37 
1.24 
2.42 
1.37 
2.02 
1.96 
0.46 
2.02 
1.04 
0.72 
5.09 
1.37 
1.44 
3.39 
0.91 
2.42 
5.42 
1.5 
1.04 
1.37 
1.11 
3.52 
1.76 
1.7 
1.11 
1.17 
1.7 

0.59 
1.63 
3.33 
3.13 
0.85 
3.96 
2.02 
3.8S 

0.2 
0.59 
1.44 
3.79 
0.46 
2.09 
0.72 
0.85 
1.11 
1.5 

0.98 

RF 

78.3 
10 

36.7 
10 

53.3 
23.3 
23.3 
11.7 
10 

23.3 
6.67 
20 
10 
W 
45 

16.7 
23.3 
15 

8.33 
60 
80 
10 
20 

18.3 
10 

81.7 
16.7 
11.7 
8.33 
8.33 
28.3 
6.67 
25 
40 
15 

e.67 
73.3 
13.3 
66.7 

3.33 
13.3 
18.3 
40 
5 

18.3 
11.7 
8.33 
11.7 
28.3 
16.7 

IV 

83.4 
10.7 
40.5 
11.9 
57.7 
24.5 
25.7 
13.1 
12 

25.3 
7.13 
22 
11 

10.7 
50.1 
18.1. 
24.7 
18.4 
9.24 
« . 4 
85.4 
11.5 
21 

19.7 
11.1 
85.2 
18.5 
13.4 
9.44 
9.5 
30 

7.26 
26.6 
43.3 
18.1 
7.52 
77.3 
15.3 
70.6 

3.53 
13.8 
19.7 
43.8 
5.46 
20.4 
1Z4 
9.18 
12.8 
29.8 

17.7 

QR 

3 

-
33 
21 
37 
2 
17 
5 

-
2 
1 

-
-
-

40 

.. -
-
-
-

49 
21 
3 

-
4 
2 
17 

. 
3 
2 
2 
2 

-
11 

_ 
-
_ 
1 

-
8 

3 

48 
10 

-
-
1 
1 
5 

-

Dhupi plantation 
TC 

11 

-
62 
31 
71 
6 
31 
7 

-
9 
1 

-
-
-

62 

-
-
-
-

74 
68 
19 

-
11 
3 

68 

_ 
3 
9 
5 
7 

-
19 

_ 
-
-
4 

-
23 

2 

54 
13 

-
-
2 
3 
7 

-
685 

RD 

1.61 

-
9.05 
4.53 
10.4 
0.88 
4.53 
1.02 

-
1.31 
0.15 

-
-
-

9.05 

-
-
-
-

10.8 
9.93 
2.77 

-
1.61 
0.44 
9.93 

-
0.44 
1.31 
0.73 
1.02 

-
2.77 

-
-
-

0.58 

-
3.36 

0 
0.29 

0 

7.88 
1.9 

-
-

0.29 
0.44 
1.02 

-

RF 

5 

-
55 
35 

6^.^ 
3.33 
28.3 
8.33 

-
3.33 
1.67 

-
-
-

66.7 

-
-
-
-

81.7 
35 
15 

-
6.67 
3.33 
28.3 

_ 
5 

3.33 
3.33 
3.33 

-
18.3 

_ 
-
-

1.67 

-
13.3 

0 
5 
0 

80 
16.7 

-
-

1.67 
1.67 
8,33 

-

IV 

6.61 

-
64.1 
39.5 
72:1 
4.21 
22.8 
9.35 

-
4.64 
1.82 

-
-
-

75.8 

-
-
-
-

92.5 
44.9 
17.8 

-
8.28 
3.77 
38.2 

-
5.44 
4.64 
4.06 
4.35 

-
21.1 

-
-
-

Z25 

-
16.7 

0 
5.29 

0 

87.9 
18.6 

-
-

1.96 
2.11 
9.35 

-
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Appendix 9c. 

COMPUTATION OF DATA OBTAINED FROM THE 
( 1 X 1 mts). QUADRETS FOR HERBS IN THE TWO FOREST TYPES. 

>W»BviaBansuwA-CIR=Qwrtrtn »̂wenlBctTC=ToM 

NaiTM of the plant species 

Amaranlhus fvudus 
AnaphaSs contorta 
AsUberM4aris 
Begonia picta 
CatanmOha umbrosa 
Campanufa ooforata 
Cardamme htsuta 
Carex 
CaMeya spceta 
CywtoUs barbareta 
Cynodon dactykm 
Cypems macrocarpa 
Cypems 
Orymaiia cordata 
Oryopteris dwysocoma 
Bsotiia ^mbKera 
Eragfx^ls 
Fagopyrtim cymosum 
GaSisoga pan/iffora 
GaKuw rrw0ago 
SaMum mtuncSfbla 
(Sobbahookeri 
Gnaphakun aKne 
Gynura angulosa 
Hedyatis scandens 
Houttuynia cordata 
Hydmcotylejaponca 
Impatiens btocxnuta 
ImpaOens racemosa 
Inula cappa 
Undenbergia grandHlora 
Oxets comiaMella 
Panicum 
P^pakim 
Pleniago major 
Polygonum nindnatum 
Poirizobmhrta 
Pnmata vulgaiis 
Reris 
Rubus cafydnus 
Sanicula ohkiensis 
VIo/adflfusa 

Total 

QR 
12 
48 
11 
13 
9 
12 
32 
14 
3 
21 
13 
11 
6 
18 
4 
4 
30 
7 
8 
3 
5 
39 
7 
4 
6 
5 

49 
5 
7 
3 
32 
38 
14 
11 
4 
7 
9 

49 
4 
3 
5 
50 

Natural forest 

TN 
49 
56 
15 
19 
74 
17 
64 
54 
19 
56 
71 
32 
24 
61 
26 
28 
54 
78 
71 
12 
18 
82 
39 
13 
19 
31 
84 
41 
22 
11 
67 
74 
65 
43 
31 
33 
52 
101 
11 
16 
11 
78 

1822 

RD 
2.69 
3.07 
0.82 

1.04 
4.06 
0.93 
3.51 
2.96 
1.04 
3.07 
3.9 
1.76 
1.32 
3.35 
1.43 
1.54 
2.96 
4.28 
3.9 
0.66 
0.99 
4.5 
2.14 
0.71 
1.04 
1.7 

4.61 
2.25 
1.21 
0.6 
3.68 
4.06 
3.57 
2.36 
1.7 
1.81 
2.85 
5.54 
0.6 
0.88 
0.6 
4.28 

RF 
20 
80 

18.3 
21.7 
15 
20 

53.3 
23.3 

5 
35 

21.7 
18.3 
10 
30 

6.67 
6.67 
50 

11.7 
13.3 

5 
8.33 
65 

11.7 
6.67 
10 

8.33 
81.7 
8.33 
11.7 

5 
53.3 
63.3 
23.3 
18.3 
6.67 
11.7 
15 

81.7 
6.67 

5 
8.33 
83.3 

ReUwc ftaquency; IV= ImpartMoe vake. 

IV 
2Z7 
83.1 
192 

22.7 
191 

mo 
56.8 
26.3 
6.04 
38.1 
25.6 
20.1 
11.3 
33.3 
8.09 
8.2 
53 

15.9 
17.2 
5.66 
9.32 
69.5 
13.8 
7.38 
11 
10 

86.3 
10.6 
12.9 
5.6 
57 

67.4 
26.9 
20.7 
8.37 
13.5 
17.9 
87.2 
7.27 
5.86 
8.94 
87.6 

QR 
8 
7 

3 
7 

-
4 
28 
-
3 

32 
2 
3 
4 
7 
7 
9 
3 
4 

-
-
7 
3 
2 

-
-
13 
5 

-
2 
7 
6 

10 
7 
3 
9 
3 
9 
11 
-
-
3 

Dhupi plantation 

TN RD 
21 2.4 
34 3.89 

-
7 0.8 
32 3.66 

-
14 1.6 
44 5.03 

-
19 2.17 
51 5.83 
11 1.26 
12 1.37 
31 3.54 
39 4.46 
43 4.91 
29 3.31 
11 1.26 
23 2.63 

-
-
16 1.83 
27 3.09 
7 0.8 

-
-

22 2.51 
33 3.77 

-
4 0.46 
38 4.34 
32 3.66 
58 6.63 
33 3.77 
11 1.26 
31 3.54 
21 2.4 
56 6.4 
33 3.77 

-
-

32 3.66 

875 

RF 
13.3 
11.7 

-
5 

11.7 

-
6.67 
46.7 

-
5 

53.3 
3.33 

5 
6.67 
11.7 
11.7 
15 
5 

6.67 

-
-

11.7 
5 

3.33 

-
-

21.7 
8.33 

-
3.33 
11.7 
10 

16.7 
11.7 

5 
15 
5 
15 

18.3 

-
-
5 

IV 
15.7 
15.6 

-
5.8 
15.4 

-
8.27 
51.7 

-
7.17 
591 
4.59 
6.37 
10.2 
16.2 
16.6 
18.3 
6.26 
93 

-
-

13.5 
8.09 
4.13 

-
-

24.2 
1Z1 

-
3.79 
16 

13.7 
23.3 
15.5 
6.26 
18.5 
7.4 
21.4 
2Z1 

-
-

8.66 
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