EXISTING STREAM CONDITION which inturn is related to channel form and
stability. Bishnumatigau and Okhaltar segments
Existing stream condition survey overlayscomprise point bars and side bars. Mahadevtar
descriptive and predictive variables onto theand Tamsipakha segments contain few point
level I and Il Rosgen’s stream classificationspars, point-bars with mid-channel bars, and
to describe the stream’s existing conditionside bars. Among eight types of patterns, point
relative to its departure from its full potential par, point bar with mid-channel bar, and side

(Rosgen, 1996). The following parameterspar patterns are common in the study segments.
were used to describe existing condition of

four stream segments of the Bishnumati RivefRiParian vegetation

The results are given in Table 4. Riparian vegetation comprises of trees,

shrubs and grass in most of the cases, but only
grass and shrubs in a narrow zone in
Flow regime of all the stream segmentsviahadevtar segment. Some bamboo plants
are perenial stream fed by spring and stormflové|so line up the banks in addition to other
that varies seasonally. These streams are alggtegories, and canopy is higher in Bishnumati
altered due to development such as streagegment compared to other segments. Okhaltar
modification, diversion of water in head areasegment also possesses good riparian
and vegetation clearing. vegetation. Mahadevtar segment bears weak
Bishnumatigau, Okhaltar, M ahadevtarriparian vegetation with rare trees, and therefore

and Tamsipakha segments are third, forth, fifttff@NOPY i poor. The vegetation is not continuous
and sixth order streams based on Strahler@nd occurs in patches in Tamsipakha segment,

(1957) method. Size of Bishnumati ano|although tree, shrub and grass are distributed.
poome reach is poor in trees and canopy is

a@rlmost absent. Also, exotic species are common

Stream flow regime, size and order

Okhaltar segments is S4, i. e., bankfull widt
ranges between 4.5 and 9.0 m. Mahadevtd _
and Tamsipakha segments are categorised I Tamsipakha segment.
S5 in which size ranges from 9.0 to 15 m. Riparian vegetation is poor in Mahadevtar
segment and is fair in Tamsipakha segment. It
is relatively good in Okhaltar and
Depositional pattern provides insight into Bishnumatigau segments. Vegetation clearing
the effect of sediment supply and storageis pronounced in the Mahadevtar and

Depositional pattern

Table 4: parameters assessed for stream stability analysis

Stream StreamFlow  Size andDepositional Riparian Vertical stability Lateral stability Channel
segment type regime order pattern BHR ER MWR BEHI W/D ratio Stability
Bishnumati A4 P-2, P-4 S4-3 B-1,B-4 Good 253HU 1.28E 296 M 29M 107 U 29 Fair
Okhaltar C4 P-2, P-5 S4-4 B-1,B-4 Good 1.79HU 4.78 704L 32H 122 U 30 Fair
MahadevtarF5 P-2, P-6 S5-5 B-1, B-2, B-4 Poor 244HU 137E 116 H 37H 262 U 36 Poor
TamsipakhaF4 P-2, P-7 S5-6  B-1, B-2, B-4 Fair 3.11HU 130E 73.7L 38H 213 U 35 Poor

P = perenial; P-2 = storm flow; P-4 = spring fed, P-8 = flow altered by development
B-1 =point bars; B-2 = point bars with few mid-channel bars; B-4 = side baidU = highly unstable; U = unstable
E = entrenched (<1.4) M = moderate; H = high; L = low
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Tamsipakha segments due to humampstream and downstream of the segment.
encroachment and structural development ifThus, the river bed is lowering and BHR is
these segments. increasing. Mahadevtar and Tamsipakha
segments undergo riverbed scouring. In these,
flow has cut clay channel bed (fluvio-lacustrine

Vertical stability of stream was assessedleposit) and has incised to the extent that the
from the BHR, ER, and erosion and depositiorglay bed is exposed in the mid channel in some
potential. BHR represents degree of incisionplaces such as Mahadevtar segment (Fig. 14),
whilst ER shows the degree of incision withGongabu Bus Park area and Balgangaghat.
respect to its flood prone area.

Vertical stability

Lateral stability

Four categories of stability rating for .y .
. The criteria used to access lateral stability

BHR, according to Rosgen (2001), are stable MWR. BEH| d W/D ratio. MWR
(1-1.05), moderately unstable (1.05-1.3),?:;3_ tes | t | ?n ‘ fr_a ' 4 BEHI

unstable (1.3-1.5) and highly unstable (>1.5)" ' cates lateralconfinement of river and BEr
- . Indicates bank erosion potential. W/D ratio

Stable category indicates low risk of e _ . .

. . : also indicates instability, as increased W/D
degradation or river while unstable category™ " _
o . . . ratio often generates stress on near bank portion
indicates high risk of degradation. ,

and accelerates bank erosion (Rosgen, 1996),
BHR of all the segments exceeds 1.5stream flow changes, alteration of channel
and therefore the segments show high degreghape and channel widening. Although both
of incision and high risk of degradation. AmongMWR and W/D ratio represent degree of lateral

the segments, high risk of degradation irconfinement, they differ in scale or magnitude.
increasing order are, Okhaltar, Mahadevtar,

: . . MWR of Okhaltar and Tamsipakha
Bishnumatigau and Tamsipakha segments. _
segments are much higher than those of

ER less than 1.4 (+/- 0.2) showsBishnumatigau and Mahadevtar segments. It
entrenched nature of stream. Such entrencheghows that lateral channel shifting is potential
stream has its flood plain abandoned and als@ Okhaltar and Tamsipakha segments.
shows high degree of incision. MahadevtarBishnumatigau segment also shows low
Tamsipakha and Bishnumatigau segments akginerability of lateral shifting. Mahadevtar
much entrenched in decreasing order, whereaggment, however, indicates lateral confinement
Okhaltar segment is not so entrenchedpecause of clayey channel bed offering

Bishnumatigau segment having highcohesion, or of human-made confinement.

BHR and ER shows high risk of degradation. Stream bank erosion potential are
Okhaltar segment shows wide flood prone aregrimarily determined by BHR, ratio of riparian
although degree of incision is high. Okhlatan/egetation rooting depth to bank height, rooting
segment experiences sedimentation of gravelensity percent, bank slope and extent of bank
and sand, because of break in slope betwegrface protection, which explain BEHI
third and forth order stream approximately(Rosgen 1996). Such characteristics were
three kilometer upstream of the segment. Bu§cored and then indexed for achieving BEHI

a hugh volume of sand and gravel has beefbr each stream segment (Table 5).
excavated from the segment, as well as
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Table 5:Results of assessment of BEHI for stream segments of the Bishnumati River

Indices assigned to

Stream segment BHR Root density Root depth ratidBank angle Surface protection BEHI

Bishnumati 9 4 5 7 4 29
Okhaltar 7 6 5 6 8 32
Mahadevtar 9 8 10 6 4 37
Tamsipakha 10 8 9 6 5 38

Bishnumatigau segment exhibits lowBankfull velocity and discharge
BEHI and therefore has low potential of stream

Discharge is a volume of water flowin
bank erosion probably due to megagravel ar:fW g g
|

rough a stream channel cross-section per unit
me. Bankfull discharge (Qpkf) was estimated
using Manning’s Equation (Chow, 1959) as

gravel banks. Okhaltar, Mahadevtar and.
Tamsipakha segments show high BEHI
indicating high hazard to bank erosion.

below:
Channel stability Q = (A. R2/3, S112)/n
Pfankuch’s (1975) system of stream where,
channel stability rating was considered to Q = bankfull discharge (m3/s)
categorise stream segments with respect to S = average channel slope (m/m),
channel stability. Pfankuch system assigns a n = Manning’s roughness coefficient,
numeric rating for different stability categories R = hydraulic radius of riffle cross-

separately for upper bank, lower bank andgction at bankfull stage (m)
channel bottom. The following categories were

considered for stability rating: R = A/(2Dpks + Whk),
Upper bank: landform slope, mass _
wasting and vegetation bank protection where, A = area of cross-section, Dpkf =

Lower bank: Channel capacity, cutting,@verage bankfull depth and Wk = bankfull
deposition and obstruction to flow Width

Channel bottom: pebble Mean bankfull velocity of stream was
embeddededness, size distribution of chann&etermined using a continuity equation:
sediment, scouring and deposition and aquatic V = Q/A
vegetation

Each of these categories was assessed Where, V = bankfull velocity (m/s), Q =
and scored; excellent (1), good (2), fair (3) and®@nkull discharge (m3/s) and A = area of
poor (4) conditions. For eleven categories, th&0SS-section (m2).
total score upto 11 is excellent, between 11 Manning’s equation and continuity
and 22 is good, 22 and 33 is fair, and 33 andquation were used to calculate bankfull
44 is poor. Channel stability in decreasingdischarge and bankfull velocity for different
order are obtained in Bishnumatigau (score segments of the Bishnumati River (Table 6.
26), Okhaltar (27), Tamsipakha (35) andmanning’s roughness coefficients for four
Mahadevtar (37). different stream segments were estimated from
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the relation of bankfull Manning’s roughnessBishnumatigau segment is close to the extreme
coefficient against stream types plotted for 128naximum discharge recorded in the area.
streams (Rosgep,_1994). Estimated Manning’s Mean velocity at bankfull stage
roughness coefficients for A4, C4, F5 and F4-

grastically increases in Okhaltar segment
type streams were 0.280, 0.031, 0.038 an o

) . robably due to reduction in roughness offered
0.033, respectively. Roughness coefficient o

Al losel imated to be that f y channel and due to increase in discharge
was closely approximated to be tha Orby contributing tributaries. Both velocity and

A3, the difference being that the latter has; .
ischarge decrease in Mahadevtar segment and
cobble substrate. C4 stream showed muc . . :
o hen increase in Tamsipakha segment. Though
vegetation influence, and therefore values upon

o ] ] roughness does not vary much, cross-sectional
vegetation influence was considered instead

arameters perhaps govern such variation.
of the average value for C4 on the plot.p P PsS g

Bankfull discharge of Bishnumatigau, Critical dimensionless shear stress

Okhaltar, Mahadevtar and Tamsipakha  Sediment transport in stream with gravel
segments are 2.84, 9.47, 7.70 and 10.53 m3{s usually analyzed by estimating the shear
(Table 6). The value 2.84 m3/s obtained forstress or the competency of the stream to move

Table 6: Results of calculation of bankfull discharge, bankfull velocity, critical dimensionless shear stress, depths
and slopes required to move the largest particle of bar, F- factor and M-factor

Bushnumatigau Okhaltar ~Mahadevtar Tamsipakha

Rosgen stream type A4 C4 F5 F4
Mean depth at bankfull, Bkt :Abkakaﬁm) 0.58 0.64 0.54 0.51
Width at bankfull, W, ¢ (m) 6.10 7.67 13.8 10.85
Bankfull x-section area, Bt (md 3.52 4.89 7.37 6.98
Hydraulic radius, R = %kf /(2Dbkf +ka)f(m) 0.48 0.55 0.49 0.59
*Manning's roughness coefficient, n 0.28 0.02 0.036 0.032
Slope, &(m/m) 0.133 0.008 0.004 0.005
Bankfull discharge, Q = 1. A. ®3sl/2, m3/s)  2.84 14.68 8.13 10.86
Bankfull velocity, V = Q/Abkf (m/s) 0.81 3.00 1.10 1.56
d; (m) 0.089 0.090 0.083 0.069
dgg (m) 0.017 0.013 0.025 0.018
dss0 (M) 0.024 0.046 0.049 0.024
dsg /d g50 0.708 0.283 0.510 0.750
dj /dgq 5.235 6.923 3.320 3.833
tcr= 0.0384 (d/dg) -0.887 0.009 0.007 0.013 0.012
dy (m) 0.009 0.112 0.410 0.247
Sr 0.001 0.001 0.002 0.002
Sc 2.92 5.83 8.13 12.56
Sh 0.10 0.00 0.17 0.17
F-factor = W/D ratio 8.13 0.17 8.13 8.13
M-factor = {(Sc. Wpkf)+(Sp. 2Dpkn)}/ (Whki+2Dpki)  2.47 5.00 7.55 11.50

*(Rosgen, 1994)
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a particular-size particle. Critical dimensionless If the existing depth and slope is lower
shear stress is a measure of the force requirgdan the calculated depth (Dy) and slope (Sy),
to mobilize and transport a given-size particlepotential agradation occurs. If De and Se are
resting on the channel bed. It was calculatedreater than computed depth and slope, which
using a bar sample and a sample fronare required to move dj, then potential
representative riffle in the reach (Andrew 1983)degradation or excess scouring and incision

ter = 0.0834 (dio/derg) 0872 lead to potential instability.
cr =Y. 50/ds50)

Critical dimensionless shear stresses are

where, dgg = median diameter of riffle _ )
_ . . 0.009, 0.007, 0.013, and 0.012 respectively in
sample and dsgg = median diameter of bar

sample. When the ratio dgp/dg5n does not ”gpstream to downstream segments. The
between 3.0 and 7.0, the ratio dj/dsg and th8alculated depths and slopes required to move

. . . the largest particles in all the four stream
following equation were used: .
segments are less than the existing depths and
ter = 0.0384 (dgp/dgs50)0-887 slopes. This indicates that the Bishnumati River

where, d; is the largest particle from thecorndor is degrading.

bar sample. Schumm'’s (1963) F versus M relationship
Once the tcj was calculated, the minimumd'agr""m_Was uset_j to_ plot the F and M.-factors
bankfull mean-depth required to entrain d; an@®f the Bishnumati River segments (Fig. 18).

the bankfull water surface slope required for' "€ Plot shows that the Bishnumati River

entrainment of dj were calculated using Shieldsegme_ms are in degradmg cono!ltlon. In
increasing order of degradation are sixth order,

criteria.
fifth order, forth order and third order stream
segments of the Bishnumati River. The sixth
Dr = (1.65 . t¢j . di)/Se order (Tamsipakha segment) segment is in
Sy =(1.65. tgj . di)/De critical condition as obtained from the plot.
where:

1000
Dr= bankfull mean depth required

Aggrading

1.65 = sediment density (submerged
specific weight) = density of sediment
(2.65 g/cm3) - density of water (1.0
g/cm3) 10{ * ¢

100 A

F=255M -1.08

F-factor

tcj = critical dimensionless shear stress Degrading

dj = largest particle from bar sample 1 10 \-tactor 100 1000

Se = existing bankfull water surface slope
Sy = bankfull water surface slope required

De = existing or design mean bankfull
depth

Fig. 18: F versus M diagram indicating dyynamic
equilibrium of the segments of the Bishnumati River
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