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aBstraCt: Present study is on the interdependent nature of hydraulic parameters and morphometric variables of a bed-
rock river. In this study, using dumpy level, GPS, satellite images and some mathematical equations a data set on 
hydraulics and morphometric variables of a bedrock channel, named Bhatajhor, of eastern India was generated. That 
data set was used to (1) find out impulse-response relations between hydraulic variables (2) find out relations between 
morphometric variables and (3) find out relations between hydraulic and morphometric variables. Seven equations 
(5–11) were formulated based on this empirical study to the end. The seven empirical relations, most of which include 
only two variables, involve channel cross-section dimensions (area, width, mean depth, maximum depth, width/
depth ratio, hydraulic radius), slope and hydraulic variables (velocity, kinetic energy, stream power, Manning’s n fac-
tor, Chezy’s C factor and shear stress). Observation shows relatively higher coefficient of determination (R2) between 
variables like velocity and Manning’s n factor (0.67), velocity and Chezy’s C factor (0.67), slope and τ (0.89), w/d ratio 
and hydraulic radius (0.53), slope and w/d ratio (0.50).
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Introduction

Rivers and river processes are one of the most 
important geomorphic systems operating on the 
earth system. Rivers continuously shape and re-
form their channels through erosion of the chan-
nel bed and banks and reworking and deposition 
of sediments. Two types of sub-systems are con-
cerned with the fluvial system. These are morpho-
logical system and cascading system. Landform 
such as channels, hill slope and floodplains form 
a morphological system and the components of 
the morphological system are linked by a cascad-
ing system which refers to the flow of water and 
sediment through the morphological system. The 

two systems interact as a process-response sys-
tem. This describes the adjustments between the 
process of the cascading system and the forms of 
the morphological system. This process-response 
system also depends on the geometry of channels 
and hydraulics. Channel geometry representing 
the size and shape of cross sectional and longi-
tudinal channel form. These includes channel 
width, channel depth, wetted perimeter, channel 
slope, channel sinuosity etc. Hydraulic variables 
such as velocity, flow pattern, flow resistance, etc 
are maintained by interaction among the different 
variables of channel geometry. In fluvial system, 
variables are of three kind- form variables, hy-
draulics variables and process variables. All these 
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variables, in terms of cause-effect relation can be 
classified into two categories – independent or 
controlling variables and dependant or adjusta-
ble variables (Leopold et. al. 1992, Huggett 2002, 
Charlton 2008). But the term ‘variable’ itself im-
plies its nature of changeability. Therefore, the var-
iable what is ‘controlling’ at one case is ‘adjustable’ 
at other case. As for example, velocity (controlling 
variable) determines the entrainment (adjustable 
variable) of particle of a given size. Channel slope 
(controlling variable) determines velocity (adjust-
able variable). Rate and nature (particle size and 
shape) of entrainment (controlling variable) deter-
mines the rate and processes of erosion (adjusta-
ble variable). Again there are two way feedbacks 
between forms and hydraulics – negative feed-
back and positive feedback. Both are initiated by 
a change in one of the system variables, which in 
turn leads to a sequence of adjustment that even-
tually, counteract the effect of the original change 
or enhance it. In other words, process shape forms 
and forms influence the way in which processes 
and hydraulics operate in channel.

Process-response systems have been stud-
ied extensively in different fluvial environments 
such as alluvial channel, bedrock channel and 
mixed channel. Alluvial channels amongst all 
these are explored the most. This is because of the 
maximum number of populations in the world 
are directly dependent on alluvial channel. In 
comparison with alluvial channels bedrock and 
mixed channels have received relatively little at-
tention until recently (Selby 1985, Ashley et al. 
1988, Wende 1999, Whipple et al. 2000). This is 
because of the minimum number of populations 
in the world are directly dependent on bedrock 
channel and difficult accessibility of these chan-
nels. Bedrock morphology is highly variable, 
even within a single reach (Tinker and wohl 
1998) and often reflects not just local stream hy-
draulics but also rock lithology and heterogeneity 
of joints, bedding, cleavage etc. Bedrock chan-
nel pose very high degree of difficulties for field 
and laboratory study. Change in channel forms 
are too slow to study in lifetime of a research-
er. Yet bedrock channels play a great role in the 
scene of world ecosystem (Gurnell et al. 2001,  
Marzadri et al. 2010, Mosselman 2012, Nikora 
and Roy 2012). Bedrock channels supplies alluvi-
um that forms substrate for the alluvial channel. 
Mountainous bedrock channels transport and 

deposit a considerable amount of organic carbon 
to alluvial plain and ocean (Battin 2008) which 
have a significant bearing on global warming and 
climate (Raymo et al. 1988, Raymo and Ruddiman 
1992, Berner, and Berner 1996, Gaillardet et al. 
1999, Galy and France-Lanord 2001, Galy et al. 
2007, IPCC 2007). So at a variety of scales, numer-
ous works have been done on bedrock channel. 
Ashley et al. (1988) and Itakura and Ikeda (1997) 
studied meandering bedrock channel. Relation 
between basin area and bedrock channel width 
was studied by Montgomery and Gran (2001) 
while Kobor and Roering (2004) performed study 
on basin area and channel slope of rivers over 
rocks. Miller (1991), Wohl et al. (1994), Seidl et al. 
(1996), Righter (1997), Weissel and Seidl (1997, 
1998), Wohl and Ikeda (1998), Wohl (2000), Wohl 
and Merritt (2001), wohl and Achyuthan (2002) 
contributed valuable work on knick points. 
Erosion rates in natural bedrock channels have 
been measured by Foley (1980), Smith et al. (1995), 
Righter (1997), Hancock et al. (1998), Tinkler and 
Parish (1998), Whipple et al. (2000b), Wohl and 
Achyuthan (2002), Kale and Joshi (2004), Reusser 
et al. (2004). 

Despite all these numerous works on rivers 
over rocks, at lower end of the scale, bed forms 
and associated flow structure in bedrock chan-
nels are poorly described. Discharge and flow 
regime have controls on channel form (Harvey 
1969, Stevens et al. 1975). Hydraulic geometry 
(Leopold and Maddock 1953) of channel is related 
to the volume of discharge through it. As adjust-
ment of hydraulic geometry is multivariate com-
plex adjustment mechanism, original formulas of 
hydraulic geometry (Leopold and Maddock 1953) 
are sophisticated more and more (Bates 1990, 
Rhoads 1992) to understand stream behaviour 
precisely. Being strongly influenced by the resist-
ant nature of their substrate, bedrock channels of-
ten behave in a different way to alluvial channels. 
Forms and processes shaping them in bedrock 
channels and interaction among them are much 
different from as in the case of alluvial channel. In 
bedrock channel, channel substrate exerts a great 
influence on both forms as well as on processes. 
Structural controls, such as joints, bedding planes 
and underlying strata can all have a significant 
effect on flow process and channel morphology. 
Hydraulic geometry (Leopold and Maddock 1953) 
of bedrock channels are not so simply related to 
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the dominant independent variable of discharge 
(Knighton 1998). Dependent variables of hydrau-
lic geometry like width, depth, slope, and velocity 
do not follow the same principle of simple power 
function of independent variable of discharge as 
in case of alluvial channels.

According to Richardson and Carling (2005) 
bedrock channels are not common and are there-
fore unimportant. But this very nature of unique-
ness of each channel creates vast expanding field 
for study of bedrock channel making it rather 
more important field of research. Leopold and 
Maddock (1953) found adjustment between in-
dependent hydraulic variable discharge (Q) and 
dependent morphometric variables width (w) 
and depth (d). They did their study on Powder 
River and its tributaries of mid west USA and 
found similar relationships between discharge 
and width and depth of a channel even for riv-
er systems very different in physiographic set-
tings. Ferguson (1973) extended Leopold and 
Maddock’s (1953) works and its study on sand 
bed rivers in the Great Plains of USA incorporat-
ed degree of cohesion of bank materials in terms 
of silt-clay co ntent (B). Schumm in 1971 added 
channel perimeter (M) to establish relationship 
between discharge and width and depth. But 
relationships between hydraulic variables and 
adjusted channel forms or vice versa of bedrock 
channels are less studied. So, using already estab-
lished equations of Froude Number, shear stress, 
Chezy’s C factor, Manning’s n factor, stream 
power and kinetic energy in one hand and differ-
ent morphometric variables on other hand, pres-
ent work is aimed at putting light on hydraulic 
geometry of a bedrock channel Bhatajhor, a left 
bank tributary of Subarnarekha. Controls of lon-
gitudinal bars, boulder berms, steep escarpment, 
dolerite outcrops and rock obstacles bed forms 
on flow pattern at low water stage in one hand 
and controls of channel forms (width, depth and 
slope) on hydraulics at low water stage (veloc-
ity, shear stress, Manning’s n factor, Chezy’s C 
factor) on other hand are also described in this 
paper.

Study area

For this empirical study on hydraulic param-
eters and morphometric variables interactions 

in bedrock channels, we selected lower reach of 
the river Bhatajhor. The Bhatajhor is a left trib-
utary of the river Subarnarekha in its middle 
course, which joins the river Subarnarekha at 
Harindungri, a village 2 km south of Ghatsila. 
The Bhatajhor River is located in Ghatsila po-
lice station, Purbi Singhbhum district in the 
state of jharkhand with an insular location in 
the tropical realm with monsoon climatic re-
gion. Latitudinal extension of its basin is from 
22˚34’09.18”N to 22˚38’21.81”N and longitudinal 
extension from 86˚28’56.22”E to 86˚30’11.34”E. 
This micro scale empirical study has been done 
on the lower reach of only 345.71 metres upwards 
from its confluence of the river (Fig. 1). 

In middle Subarnarekha Basin i.e. Singhbhum 
crustal province, the major rock formations were 
apparently laid down during a number of distinct 
geological eras, each of which separated from the 
next by prolonged periods of erosion, earth move-
ments or igneous activities (Mukhopadhyay 
1980). The rocks of the Singhbhum area are 
mainly of two kinds – unmetamorphosed one in 
the south and the heavily metamorphosed one 
in the north separated by a major thrust zone 
(Singhbhum Shear Zone) extending from Porhat 
in western Singhbhum through Chakradharpur, 
Amada, Rakha mines, Mosaboni and Sunrgi into 
Mayurbhanj covering a distance of 160 km. This 
thrust or shear zone marks the over folded limb 
of anticline (Fig. 2).

The unequal uplifts or tilts in the different 
parts of the basin have also caused the devel-
opments of striking differences in the topo-
graphic expressions within the basin. A doleritic 
dyke is running parallel to the left bank of the 
river Bhatajhor and as the dyke passes across 
Subarnarekha, it exerts great obstacle to the 
flow of the river Subarnarekha during monsoon 
months. Flow in Bhatajhor channel is also hin-
dered by rock obstacles and left bank of the chan-
nel is in most cases delineated by doleritic wall.

The Middle Subarnarekha Basin area i.e. south 
eastern part of Chotanagpur plateau is charac-
terized by Monsoonal climate but according to 
Koppen’s (1936) climatic classification it falls un-
der the semi arid (BS) climate. The temperature 
and rainfall vary with change of season. There is 
a sharp increase in temperature found in the pre 
monsoon period that is months of March to April 
until May and the river Bhatajhor receives only 
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Fig. 1. Location of the study area.
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seepage water to flow. During June and October 
the temperature begins to decrease with the on-
set of South west Monsoon making the river in 
its fullest vigour. Most of the seasonal rain fall 
(above 75%) is occurs in this season. July is the 
wettest month of this region. Average rainfalls 
1375 mm. Lateritic soils are mingled with disinte-
grated rocks, boulders and gravels.

Materials and Methodology

Materials for this empirical study are data col-
lected on width, average depth, maximum depth, 
wetted perimeter, water surface slope, channel 
bed slope, velocity and discharge at 16 stations 
(Fig. 3) over lower reach of 345.71 m of Bhatajhor 
River. Some bedrock features like riffle, pool, lon-
gitudinal bar, channel confinement, bedrock wall 
etc. within the channel were also recorded as ma-
terials for this study. 

Cross-sectional areas (A) of 16 sections were 
calculated multiplying channel width (w) by 
average channel depth (d). Maximum chan-
nel depths (dmax) during low water stage were 
measured directly with the help of dumpy lev-
el and meter scale staff. Reduced levels of each 
cross-section (CS) above mean sea level were 
calculated from reference height of points de-
termined with the help of Garmin GPS. Surface 
velocity at low water stage of flow of the river 
at different stations were measured using bottles 
as buoyant to measure distance run downstream 
per unit time by water current. To minimize the 
effect of wind blowing same direction as river 
current on floating bottle fastening its velocity 
and effect of wind blowing opposite direction 
as river current on floating bottle retarding its 

velocity, bottles were almost filled with water 
and only necks were visible above water surface. 
Hydraulic radius R at a cross-section of a chan-
nel is cross-sectional area A divided by wetted 
perimeter P, i.e. R = A/P.

Five round measurement of surface veloci-
ty at different points of a section were averaged 
and then multiplied with constant 0.8 to have the 
average velocity (v) of flow through the channel. 
Discharges, Q (in m3 s–1) through the channel at 
16 stations were calculated multiplying cross-sec-
tional area (A) with mean flow velocity (v). And 
as the length of the channel under study was too 
little to find any variation (0.04%) in discharge at 
16 stations and which was 0.48 m3 s–1.

Energy needed to perform geomorpholog-
ic work by a stream is supplied by the flowing 
water through the channel and termed as kinetic 
energy Ek. Kinetic energy  at different 
cross-sections was calculated. But determina-
tion of kinetic energy at a station requires some 
volume of water which is absurd for at a station 
cross-section. So for this purpose, formula was 
rewritten using differential calculus as follows:

  
(1)

 

If l tends to zero, the change in the value of Ek 
for infinitesimally small change of l:

  
(2)

 

Since, A and v2 are independent of length (l) 
variable.

Different types of flow behavior were predict-
ed by calculating the ratio between the inertial 
(v2/d) and gravitational forces (g). The ratio be-
tween these forces is usually expressed as Froude 
number:

  (3),

where: Fr – Froude number, v – velocity, g – grav-
itational constant, d – depth.

Fig. 2. Study area marked as red circle in the 
geological setup of the Singhbhum Shear zone (after 

Mukhopadhyay 1980).
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Fig. 3. Cross Sections of lower reach of Bhatajhor River (Cross sections are drawn on different scales).
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Stream power Ω is the rate at which a stream 
performs its geomorphologic works that is work 
of erosion and transportation. It is measured in 
watts per unit channel length, usually w m−1. 
Stream power determines the capacity of a given 
flow to entrain and transport sediment. Stream 
power is calculated using formula:

 Ω = ρ g Q S (4)

where: ρ – water density, i.e. 1000 kg/m3; g – ac-
celeration due to gravitational force, i.e. 9.81; Q 
– discharge and S – channel slope, i.e. m/m]

Bed shear stresses at different segments of the 
channel were determined using the formula 

 τ0 = ρ g h S. (5)

Bed shear stress (τ0) is a force per unit area of 
the bed (in N m-2) and increases with flow depth 
and steepness of the channel. 

Results and Discussions

Flow Characteristics & Hydraulics

Cross-sectional and longitudinal forms of 
a reach of river channel are shaped by the two-
way interactions (Charlton 2008) between pro-
cesses and hydraulics operating within the chan-
nel in one side and lithology and structure along 
with forms itself on another side. Former group 
controls shape and size of forms while later group 
sets the way through which processes and hydrau-
lics will operate to shape the form. Slope along 
with bed configuration, size, shape and quantity 
of bed materials determines flow velocity which 
has a direct control on discharge (Knighton 1998). 
Velocity in turn modifies slope by cutting and 
reworking on bed materials and depositing erod-
ed materials. Discharge, flow depth and channel 
slope determines stream power and shear stress 
of the river (Gordon et. al. 2004). Stream power 
is the rate at which a river performs its work of 
erosion and transportation which in turn controls 
slope and channel cross-sectional forms. Forms 
like slope, bed roughness, width, depth, wetted 
perimeter and hydraulic variables like hydraulic 
radius, velocity, discharge, power, shear stress in-
teract with each other to adjust themselves in to 

a system of dynamic equilibrium. If slope is in-
creased, velocity also increases to increase the rate 
of erosion and deepening of bed. On deeper bed 
velocity will decrease to follow the Bernoulli prin-
ciple. Deposition of eroded materials at immediate 
downstream of deeper pool will cause formation 
of riffle. On riffle, water depth is less and velocity 
head is more (Charlton 2008). Increased channel 
boundary friction slow down the velocity but in-
crease the shear stress and rate of erosion. This in 
turn smoothen the boundary and increases the 
hydraulic radius making the channel more effi-
cient (Das 2015). So, processes and form through 
positive and negative feedback control each other. 

This study was carried on lower reach of 345.71 
m of the river Bhatajhor. At 16 cross-sections on 
this reach average velocity at low water stage was 
found 0.40 m s–1. Highest velocity 1.15 m s–1 was 
recorded at cross-section HH’ and lowest velocity 
0.03 m s–1 at cross-section PP’. At CS 8th, average 
depth is only 0.12 m. So, to follow the principle of 
Bernoulli and flow continuity (Leopold et al. 1992) 
velocity head was the maximum. Lowest velocity 
0.03 m s–1 at CS 16 was because of highest width 
and depth. Velocity of this channel at lean period 
is related to w/d ratio as follows

 v = 0.111(w/d) 0.294 

(6)
or v = 0.111 f 0.294.

Hydraulic radius is maximum (1.06) at CS 
PP’ which means the most efficient amongst 16 
cross-sections. Maximum kinetic energy (276.28 
j s–2) is associated with the CS HH’ where velocity 
is also the highest. 

At CS HH’, II’ and MM’ Froude number great-
er than 1 indicates the dominance of inertial force 
and flow type is supercritical. This is because of 
relatively lower depths but higher channel slope 
(0.355 m/m at CS II’), highest Chézy’s C factor 
(91.8 at CS HH’) and velocity (1.15 m s–1 at CS 
HH’). The Chezy’s coefficient (C) represents grav-
itational and frictional forces. Its value decreases 
with increasing roughness. So, higher the C factor 
lower the resistance and higher the velocity (Fig. 
4). At rest 13 CS, flow types were found subcriti-
cal because Froude number was less than 1. 

Velocity is related to Froude number as 

 v = 0.146 C 0.513. (6)
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Maximum stream power 1670 Wm–1 was re-
corded at CS II’ which is also associated with 
highest shear stress of 929. As shear stress is de-
pendent directly on discharge which is the prod-
uct of Av, we found a strong positive correlation 
(R² = 0.885) between shear stress and velocity. 
Shear stress depends on velocity as per following 
equation

 τ = 0.274v1.192. (7)

Channel slope is another determinant factor 
of stream power as well as shear stress. During 
peak season higher discharge is associated with 
higher stream power which maintains a bal-
ance making a change in resistance force of the 
bed and bank materials. Higher channel slope 
triggers stream power and higher stream power 
reduces slope by cutting bed materials and acts 
as a negative feedback. In case of this study, we 
found a very strong relation between channel 
slope and stream power. where the slope is high 
stream power was also calculated high. Channel 
slope also controls shear stress. Higher the chan-
nel slope higher is the shear stress. It was found 
that highest channel slope (0.3553) was at CS II’ 
and lowest (0.002) was at CS HH’ which is about 
1/215th part of the highest slope. Average slope 
was 0.077 while co-efficient of variation was 
142%. This high variability in slope is more reg-
ulated by lithology than hydraulics. At CS BB’, 
DD’, KK’ and NN’ slopes are negative (slope 
direction towards upstream). This implies that 
thalweg level of CS EE’, LL’ and OO’ are high-
er than former CSs and pools have been scoured 
immediate downstream of CS BB’, DD’, KK’ and 
NN’. Channel slope and shear stress are related 
with each other as per following equation 

 τ = 6587s1.192. (8)

Form these 16 observations it was found that 
Manning’s n factor to a considerable degree (R2 = 
0.671) (Fig. 6) is related to velocity of this kind of 
small bedrock channel. To find out velocity from 
Manning’s n factor, following formula may be 
used for small non-perennial bedrock channel of 
plateau region

 v = 0.133n–0.47. (9)

Forms and hydraulics

width of the channel is highly variable hav-
ing highest value of 12.4 m and lowest of 1.54 
m. This high variability in width is controlled by 
the confined nature of channel by bedrock sub-
strate. Average width is 6.51 m with standard 
deviation of 3.4 and co-efficient of variation of 
52.44. As there is no variability in discharge (0.48 
m3 s–1) within this short length of the channel, 
principle of flow continuity is maintained by op-
positely varied depths. Highest depth (1.36 m) is 
more than 13 times greater than the lowest depth 
of 0.104 m. Co-efficient of variation of depth is 

Fig. 4. Relation between velocity and Chezy c factor.

Fig. 5. Relation between Shear stress and slope.

Fig. 6. Velocity decreases with increasing Manning’s 
n factor.
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82.4%. This is also controlled by bedrock channel 
substrate. Hydraulic control on channel parame-
ters width and depth are much less. At CS AA’, 
It was found that hydraulic radius is maximum 
if w/d ranges from 2 to 3. Beyond this range, hy-
draulic radius as well as channel’s flow efficiency 
(Das 2015) decreases. 

There is a negative correlation between w/d 
and R (Fig. 7). Co-efficient of determination R² = 
0.531. This is because of irregular nature of chan-
nel bed controlled by rocky substrate. And equa-
tion for determining hydraulic radius of such 
small bedrock channel from given w/d ratio is 

 R = 1.636(w/d)–0.63. (10)

Channel slope controls channel width and 
depth as well as velocity. Simple understandings 
suggest that if all other variables are constant 
then higher slopes are generally associated with 
low channel width. If slope increases, to maintain 
energy balance between two reach with constant 
discharge, velocity head increases. Higher veloc-
ity in turn down cut the channel making it rela-
tively deeper in comparison to with. In this chan-
nel we found that there was expectedly negative 
correlation between slope and channel width but 
quite low (0.32). 

There is also definite controls of slope on 
channel’s average depth d and maximum depth 
dmax. As already mentioned higher slope is associ-
ated with higher kinetic energy and have much 
power to perform erosional work by down cut-
ting if base level of erosion is sufficiently below 
the site of concern. In case of Bhatajhor River, 
there was an average increase in depth with in-
creased slope. But the correlation between slope 

and depth is too poor to be mentioned (Fig. 8). 
This is because of confined nature of the channel 
within bedrock substrate. Lithological complexi-
ty does not allow creating any simple correlation 
amongst variables. 

But as discharge through this short length of 
the stream is constant, and as velocity (depend-
ent on slope) is one of the important components 
of discharge, we can try to find out relation be-
tween slope and the channel form ratio (w/d). 
Correlation co-efficient of these two variables 
was found moderate (0.504) and if slope in-
creased the w/d ratio is decreased. For a bedrock 
channel, w/d ratio may be computed using the 
equation derived from this study is w/d = 4.186 
s–0.38 (Fig. 9).

In channel features 

Different kind of forms such as dolerite out-
crops, bars, scarp, dolerite steep wall, riffle, pool 
etc. formed at lower reach of Bhatajhor River have 
been studied and it has been found that they are 
of different dimension and structure. The lower 

Fig. 7. Higher the Width-depth Ratio lower is the 
Hydraulic Radius.

Fig. 8. With higher slope velocity head increases and 
depth (pressure head) decreases.

Fig. 9. As slope increases higher velocity restrict 
widening keeping width depth ratio smaller.
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reach of Bhatajhor River has been divided into 
three segments viz. upper segment, middle seg-
ment and lower segment and each of them has 
been studied minutely and separately. 

Upper Segment

After accumulation of deposited boulder and 
gravel, a boulder berm (Fig. 10) is formed at low 
water stage in the mid channel of upper segment 
and due to which single flow of the river bifurcates 

and reunites. The depth of left side flow is deep-
er than that of right side and a scarp is formed 
on concave bank. At about 71.72 m downward 
from the boulder berm a pool 1.2 m in depth has 
been formed along the concave bank of the river 
due to high flow velocity and stream power and 
again at about 27.03 m downward, a mid channel 
bar (Fig. 10) 6.5 m in length and 3.35 m in width 
has been formed with the association of boulder, 
gravel and sands. As its bed level is much higher 
than water level during lean period, pebbles and 

Fig. 10. In-channel forms of Upper Segment.
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boulder strewn left channel of upper segment 
(Fig. 10) is characterized by seasonality (opened 
during monsoon months and dry during low wa-
ter stage) of flow. There is a vegetated fixed island 
in between the bend of right side channel and the 
boulder strewn left side channel.

Middle Segment

In middle segment, due to high flow velocity 
and stream power, a steep escarpment (Fig. 11) 
with steep slope has been formed. Immediate 
downstream of this scarp, the river is flowing 

through a confined channel in between steep wall 
of dolerite. Therefore, due to strong resistance to 
erosion of side walls, the rate of down cutting is 
higher than that of lateral erosion. So having rel-
atively higher depth and lower velocity (as dis-
charge Q is constant), flow is laminar in nature. 
At the lower part of middle segment, there is 
a longitudinal bar (Fig. 11), 4.62 m in length and 
1.1 m in width. The formation of longitudinal bar 
is due to low flow velocity facilitating deposi-
tion of eroded materials. A few dolerite outcrops 
formed in the middle segment regulate flow ve-
locity and behaviour.

Fig. 11. In-channel forms of Middle Segment.
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Lower Segment

There is little variation among channel forms 
in lower segment. Many dolerite outcrops (Fig. 
12) have been found. A mid channel longitudinal 
bar (Fig. 12) of 4.7 m in length and 1.8 m in width 
has also been formed by accumulation of grav-
els, boulders, pebbles and sands. In the middle 
part of lower segment two large rock obstacles 
(Fig. 12) are emerged above the low water surface 
(few larger rock obstacles are emerged even dur-
ing bank full stage) water stage and are used by 
the local people as steps for fording. As both the 
boulders exhibit no root with the base rock, they 
are reasonably erosional landforms of the lower 
segment.

Conclusion

Hydraulics and forms are interrelated com-
ponents of the fluvial system. Change in any one 
of these component variables generate stimulus 

to be responded by other component variables 
bringing change into themselves and bringing 
change in the stimulus also. These stimuli-re-
sponse models are well studied in case of alluvial 
river system. Bedrock channels may also follow 
such laws and principles but differently. we tried 
to find such if any. Velocity of the bedrock chan-
nel during it low water stage makes some expo-
nential relationships with Chezy’s C factor and 
Manning’s n factor and width/depth ratio. But 
coefficients and exponents found in this study 
must differ in different study with difference in 
space and time. Correlation between shear stress 
(τ) and velocity and channel slope are expressed 
with coefficient 0.27 and 6587 and exponents 
1.19 and 1.192. Hydraulic radius (R) of this wetted 
channel with low water stage is 1.636 f –0.63 (f = 
form ratio = w/d). width / depth ratio in this 
channel at its low water stage varies with slope 
with coefficient 4.19 and exponents –0.38. But these 
are obviously not valid for bank full stage or for 
another river with different physical setup. So to 
have generalized equations to express hydraulic 

Fig. 12. In-channel forms of Lower Segment.
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parameters and morphometric variables interac-
tions in bedrock channels much more studies are 
suggested. 
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