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EXISTING STREAM CONDITION

Existing stream condition survey overlays
descriptive and predictive variables onto the
level I and II Rosgen’s stream classifications
to describe the stream’s existing condition
relative to its departure from its full potential
(Rosgen, 1996). The following parameters
were used to describe existing condition of
four stream segments of the Bishnumati River.
The results are given in Table 4.

Stream flow regime, size and order

Flow regime of all the stream segments
are perenial stream fed by spring and stormflow
that varies seasonally. These streams are also
altered due to development such as stream
modification, diversion of water in head area
and vegetation clearing.

Bishnumatigau, Okhaltar, Mahadevtar
and Tamsipakha segments are third, forth, fifth
and sixth order streams based on Strahler’s
(1957) method. Size of Bishnumati and
Okhaltar segments is S4,  i. e., bankfull width
ranges between 4.5 and 9.0 m. Mahadevtar
and Tamsipakha segments are categorised as
S5 in which size ranges from 9.0 to 15 m.

Depositional pattern

Depositional pattern provides insight into
the effect of sediment supply and storage,

which inturn is related to channel form and
stability. Bishnumatigau and Okhaltar segments
comprise point bars and side bars. Mahadevtar
and Tamsipakha segments contain few point
bars, point-bars with mid-channel bars, and
side bars. Among eight types of patterns, point
bar, point bar with mid-channel bar, and side
bar patterns are common in the study segments.

Riparian vegetation

Riparian vegetation comprises of trees,
shrubs and grass in most of the cases, but only
grass and shrubs in a narrow zone in
Mahadevtar segment. Some bamboo plants
also line up the banks in addition to other
categories, and canopy is higher in Bishnumati
segment compared to other segments. Okhaltar
segment also possesses good riparian
vegetation. Mahadevtar segment bears weak
riparian vegetation with rare trees, and therefore
canopy is poor. The vegetation is not continuous
and occurs in patches in Tamsipakha segment,
although tree, shrub and grass are distributed.
Some reach is poor in trees and canopy is
almost  absent. Also, exotic species are common
in Tamsipakha segment.

Riparian vegetation is poor in Mahadevtar
segment and is fair in Tamsipakha segment. It
is  relatively good in Okhaltar and
Bishnumatigau segments. Vegetation clearing
is pronounced in the Mahadevtar and

Table 4: parameters assessed for stream stability analysis

Stream Stream Flow Size and Depositional 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 2.53 HU 1.28 E 29.6 M 29 M 10.7 U 29 Fair
Okhaltar C4 P-2, P-5 S4-4 B-1, B-4  Good 1.79 HU 4.78 70.4 L 32 H 12.2 U 30 Fair
Mahadevtar F5 P-2, P-6 S5-5 B-1, B-2, B-4 Poor 2.44 HU 1.37 E 11.6 H 37 H 26.2 U 36 Poor
Tamsipakha F4 P-2, P-7 S5-6 B-1, B-2, B-4  Fair 3.11 HU 1.30 E 73.7 L 38 H 21.3 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 bars HU = highly unstable; U = unstable
E = entrenched (<1.4) M = moderate; H = high; L = low
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Tamsipakha segments due to human
encroachment and structural development in
these segments.

Vertical stability

Vertical stability of stream was assessed
from the BHR, ER, and erosion and deposition
potential. BHR represents degree of incision,
whilst ER shows the degree of incision with
respect to its flood prone area.

Four categories of stability rating for
BHR, according to Rosgen (2001), are stable
(1-1.05), moderately unstable (1.05-1.3),
unstable (1.3-1.5) and highly unstable (>1.5).
Stable category indicates low risk of
degradation or river while unstable category
indicates high risk of degradation.

BHR of all the segments exceeds 1.5,
and therefore the segments show high degree
of incision and high risk of degradation. Among
the segments, high risk of degradation in
increasing order are, Okhaltar, Mahadevtar,
Bishnumatigau and Tamsipakha segments.

ER less than 1.4 (+/- 0.2) shows
entrenched nature of stream. Such entrenched
stream has its flood plain abandoned and  also
shows high degree of incision. Mahadevtar,
Tamsipakha and Bishnumatigau segments are
much entrenched in decreasing order, whereas
Okhaltar segment is not so entrenched.

Bishnumatigau segment having high
BHR and ER shows high risk of degradation.
Okhaltar segment shows wide flood prone area
although degree of incision is high. Okhlatar
segment experiences sedimentation of gravel
and sand, because of break in slope between
third and forth order stream approximately
three kilometer upstream of the segment.  But
a hugh volume of sand and gravel has been
excavated from the segment, as well as

upstream and downstream of the segment.
Thus, the river bed is lowering and BHR is
increasing. Mahadevtar and Tamsipakha
segments undergo riverbed scouring. In these,
flow has cut clay channel bed (fluvio-lacustrine
deposit) and has incised to the extent that the
clay bed is exposed in the mid channel in some
places such as Mahadevtar segment  (Fig. 14),
Gongabu Bus Park area and Balgangaghat.

Lateral stability

The criteria used to access lateral stability
are MWR, BEHI and W/D ratio. MWR
indicates lateral confinement of river and BEHI
indicates bank erosion potential. W/D ratio
also indicates instability, as increased W/D
ratio often generates stress on near bank portion
and accelerates bank erosion (Rosgen, 1996),
stream flow changes, alteration of channel
shape and channel widening. Although both
MWR and W/D ratio represent degree of lateral
confinement, they differ in scale or magnitude.

MWR of Okhaltar and Tamsipakha
segments are much higher than those of
Bishnumatigau and Mahadevtar segments. It
shows that lateral channel shifting is potential
in Okhaltar and Tamsipakha segments.
Bishnumatigau segment also shows low
vulnerability of lateral shifting. Mahadevtar
segment, however, indicates lateral confinement
because of clayey channel bed offering
cohesion, or of human-made confinement.

Stream bank erosion potential are
primarily determined by BHR, ratio of riparian
vegetation rooting depth to bank height, rooting
density percent, bank slope and extent of bank
surface protection, which explain BEHI
(Rosgen 1996). Such characteristics were
scored and then indexed for achieving BEHI
for each stream segment (Table 5).
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Bishnumatigau segment exhibits low
BEHI and therefore has low potential of stream
bank erosion probably due to megagravel and
gravel banks. Okhaltar, Mahadevtar and
Tamsipakha segments show high BEHI
indicating high hazard to bank erosion.

Channel stability

Pfankuch’s (1975)  system of stream
channel stability rating was considered to
categorise stream segments with respect to
channel stability. Pfankuch system assigns a
numeric rating for different stability categories
separately for upper bank, lower bank and
channel bottom. The following categories were
considered for stability rating:

Upper bank: landform slope, mass
wasting and vegetation bank protection

Lower bank: Channel capacity, cutting,
deposit ion and obstruction to flow

C h a n n e l  b o t t o m :  p e b b l e
embeddededness, size distribution of channel
sediment, scouring and deposition and aquatic
vegetation

Each of these categories was assessed
and scored; excellent (1), good (2), fair (3) and
poor (4) conditions. For eleven categories, the
total score upto 11 is excellent, between 11
and 22 is good, 22 and 33 is fair, and 33 and
44 is poor.  Channel stability in decreasing
order are obtained in Bishnumatigau (score =
26), Okhaltar (27), Tamsipakha (35) and
Mahadevtar (37).

Bankfull  velocity and discharge

Discharge is a volume of water flowing
through a stream channel cross-section per unit
time. Bankfull discharge (Qbkf) was estimated
using Manning’s Equation (Chow, 1959) as
below:

Q = ( A. R2/3. S1/2)/n

where,
 Q = bankfull discharge (m3/s),

S = average channel slope (m/m),
n = Manning’s roughness coefficient,
R = hydraulic radius of riffle cross-

section at bankfull stage (m)

R = A/(2Dbkf + Wbkf),

where, A = area of cross-section, Dbkf =
average bankfull depth and Wbkf = bankfull
width

Mean bankfull velocity of stream was
determined using a continuity equation:

V = Q/A

where, V = bankfull velocity (m/s), Q =
bankfull discharge (m3/s) and A = area of
cross-section (m2).

Manning’s equation and continuity
equation were used to calculate bankfull
discharge and bankfull velocity for different
segments of the Bishnumati River (Table 6.
Manning’s roughness coefficients for four
different stream segments were estimated from

Table 5:Results of assessment of BEHI for stream segments of the Bishnumati River

      Indices assigned to

Stream segment BHR Root density Root depth ratio Bank 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



the relation of bankfull Manning’s roughness
coefficient against stream types plotted for 128
streams (Rosgen, 1994). Estimated Manning’s
roughness coefficients for A4, C4, F5 and F4-
type streams were 0.280, 0.031, 0.038 and
0.033, respectively. Roughness coefficient of
A4 was closely approximated to be that for
A3, the difference being that the latter has
cobble substrate. C4 stream showed  much
vegetation influence, and therefore values upon
vegetation influence was considered  instead
of the average value for C4 on the plot.

Bankfull discharge of Bishnumatigau,
Okhaltar, Mahadevtar and Tamsipakha
segments are 2.84, 9.47, 7.70 and 10.53 m3/s
(Table 6). The value 2.84 m3/s obtained for

Bishnumatigau segment is close to the extreme
maximum discharge recorded in the area.

Mean velocity at bankfull stage
drastically increases in Okhaltar segment
probably due to reduction in roughness offered
by channel and  due to increase in discharge
by contributing tributaries. Both velocity and
discharge decrease in Mahadevtar segment and
then increase in Tamsipakha segment. Though
roughness does not vary much, cross-sectional
parameters perhaps govern such variation.

Critical dimensionless shear stress

Sediment transport in stream with gravel
is usually analyzed by estimating the shear
stress or the competency of the stream to move
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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, Dbkf =Abkf/Wbkf (m) 0.58 0.64 0.54 0.51
Width at bankfull,  Wbkf (m) 6.10 7.67 13.8 10.85
Bankfull x-section area, A bkf  (m2) 3.52 4.89 7.37 6.98
Hydraulic radius, R = A bkf /(2Dbkf +Wbkf) (m) 0.48 0.55 0.49 0.59
*Manning's roughness coefficient, n 0.28 0.02 0.036 0.032
Slope, Se (m/m) 0.133 0.008 0.004 0.005
Bankfull discharge, Q = 1. A. R2/3. S1/2 ,  (m3 /s) 2.84 14.68 8.13 10.86

Bankfull velocity, V = Q/A bkf  (m/s) 0.81 3.00 1.10 1.56
di (m) 0.089 0.090 0.083 0.069
d50  (m) 0.017 0.013 0.025 0.018
ds50 (m) 0.024 0.046 0.049 0.024
d50 /d s50 0.708 0.283 0.510 0.750
d i /d50 5.235 6.923 3.320 3.833

τcr = 0.0384 (di /d 50 ) -0.887 0.009 0.007 0.013 0.012

d r (m) 0.009 0.112 0.410 0.247
Sr 0.001 0.001 0.002 0.002

*(Rosgen, 1994)

Sc
Sb

F-factor = W/D ratio
M-factor = {(Sc.Wbkf)+(Sb. 2Dbkf)}/(Wbkf+2Dbkf)

2.92
0.10
8.13
2.47

5.83
0.00
0.17
5.00

8.13
0.17
8.13
7.55

12.56
0.17
8.13
11.50
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a particular-size particle. Critical dimensionless
shear stress is a measure of the force required
to mobilize and transport a given-size particle
resting on the channel bed. It was calculated
using a bar sample and a sample from
representative riffle in the reach (Andrew 1983).

τcr = 0.0834 (d50/ds50)-0.872

where, d50 = median diameter of riffle
sample and ds50 = median diameter of bar
sample. When the ratio d50/ds50 does not lie
between 3.0 and 7.0, the ratio di/d50 and the
following equation were used:

τcr = 0.0384 (d50/ds50)-0.887

where, di is the largest particle from the
bar sample.

Once the τci was calculated, the minimum
bankfull mean-depth required to entrain  di and
the bankfull water surface slope required for
entrainment of di were calculated using Shield
criteria.

Dr = (1.65 . τci . di)/Se

Sr = (1.65 . τci . di)/De

where:

Dr= bankfull mean depth required

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

τci  = critical dimensionless shear stress

di = largest particle from bar sample

Se = existing bankfull water surface slope

Sr = bankfull water surface slope required

De = existing or design mean bankfull 
depth

If the existing depth and slope is lower
than the calculated depth (Dr) and slope (Sr),
 potential agradation occurs. If De and Se are
greater than computed depth and slope, which
are required to move di, then potential
degradation or excess scouring and incision
lead to potential instability.

Critical dimensionless shear stresses are
0.009, 0.007, 0.013, and 0.012 respectively in
upstream to downstream segments. The
calculated depths and slopes required to move
the largest particles in all the four stream
segments are less than the existing depths and
slopes. This indicates that the Bishnumati River
corridor is degrading.

Schumm’s (1963) F versus M relationship
diagram was used to plot the F and M-factors
of the Bishnumati River segments (Fig. 18).
The plot shows that the Bishnumati River
segments are in degrading condition. In
increasing order of degradation are sixth order,
fifth order, forth order and third order stream
segments of the Bishnumati River. The sixth
order (Tamsipakha segment) segment is in
critical condition as obtained from the plot.

Fig. 18: F versus M diagram indicating dyynamic

equilibrium of the segments of the Bishnumati River
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STREAM WATER QUALITY

Stream water samples were collected
from the Bishnumati River corridor as well as
from some tributaries contributing it (Fig. 19).
The samples were analyzed in laboratory for
physical, chemical and biological parameters
and are indicated in Table 7.

Physical parameters

Physical parameters comprised of
appearence, turbidity,  colour, temperature,
hydrogen ion activity (pH), and electrical
conductivity (EC).

Turbidity
Turbidity, which is a measure of clarity

of water, depends on the amount of suspended
solids in water, and is measured in
Nephelometric Turbidity Units (NTU). High
turbidity reduces light in the depth of water
column and thus affects photosynthesis of
plants. Similarly, high turbidity inhances growth
of bacteria in water and makes difficulty for

fish in finding food. The suggested value of
turbidigy is less than 15 NTU, because greater
the value the more cloudy is the water.

Along the Bishnumati River the turbidity
values increase abruptly from the samples of
the Bijeswori area (90 NTU) towards
downstream (160 NTU). Causes of abruptly
high value can be attributed to input  from
many effluent pipes and of highly turbid water
from the Bhuacha Khusi (125 NTU).

Colour
Colour is a measure of the dissolved

colouring compounds in a water sample. Water
colour is measured using Pt-Co units which
ranges between 0 and 300 TCU. Colour of the
samples from the Bishnumati River segment
ranges from 35 to 45 TCU. Colour of samples
increases from upstream to downstream
segments, showing increased proportion of
dissolved compounds.

Temperature
Organisms can not survive if temperature

is too hot or cold. Increase of temperature also
reduces dissolved oxygen in water. Temperature
of surface water analyzed ranges from 25oC
to 28oC and is thus suitable for aquatic lives.

pH
pH is the measure of hydrogen ion

activity in water. It tells how acidic or basic
the water is. The pH of the water samples from
the Bishnumati River and its tributaries fall
ranges from 6.11 to 7.80 and is thus within the
suggested range (6.5 to 9.0).

Conductivity
Conductivity (EC) is the ability of the

water to conduct an electrical current, and is
an indirect measure of the ion concentration.
The measurement is expressed in microsiemens
per centimeter (µS/cm) at 25oC. EC of waterFig. 19: Water sampling sites
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samples increases gradually from the upstream
to downstream of the Bishnumati River, and
ranges between 16 and 189 µS/cm. However,
the Bhauch Khusi gives the highest value (240
µS/cm). Except in the sample from
Bishnumatigau (B1), the EC in all other samples
exceeds the suggested range (<30 µS/cm).

Chemical  parameters

Chemical parameters analyzed for the

samples included total alkalinity, ammonia,
ammmonium, nitrate, nitrate-nitrogen,
dissolved oxygen (DO), chemical oxygen
demand (COD) and arsenic.

Total alkalinity
Alkalinity is a total measure of the

substances in water that have acid-neutralizing
ability. Alkalinity indicates how able the
solution to react with acid and buffer its pH,

Table 7: Water quality of the Bishnumati River and its tributaries; (a) results of analysis during April 2003 and

(b) results of analysis during August 2004.

(a)
Appearance Turbidity Temp. pH EC NH4 NO3-N COD

NTU oC µS/cm mg/L mg/L mg/L
B1 Clear 6 25 6.57 62 0.2 0.23 10
B2 Clear 5 25 6.26 107 0.2 0.45 10
B3 Hazy 74 25 7.02 31 0.2 0.23 10
B4 Slightly hazy 18 25 6.68 147 0.2 0.23 10
B5 Black 40 25 6.59 438 5 1.14 20
B6 Black 10 25 6.62 461 10 0 50
B7 Black 21 25 6.8 1007 10 0 100
B8 Black 42 25 6.78 1405 10 0 100
B9 Black 16 25 6.64 1603 10 0 100
LD Slightly hazy 12 25 6.57 205 0.5 0 10
SA Hazy 85 25 6.55 287 0.2 0.45 50
BH Black 15 25 7.39 2710 10 0 100
MD2 Hazy 16 25 6.82 398 0.5 10.23 10
SM2 Black 25 25 6.79 1056 10 0 100
MN2 Black 21 25 6.87 1722 10 0 50

(b)

TA = Total alkalinity; DO = Dissolved oxygen; COD = Chemical oxygen demand; BOD = Biological oxygen demand; NA = not accounted

Appearance Turbidity Colour Temp. pH EC TA NH3 NH4 NO3-N COD DO BOD5-days As Bacteria E. Coli
NTU TCU o C µS/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L /100mL /100mL

B1 Clear 7 35 25 7.41 16 12 0.08 0.1 0.23 5 6.30 0.14 0 100 0
B2 Clear 13 35 25 7.05 37 14 0.08 0.2 0.23 5 6.67 0.18 0 1800 1500
B3 Hazy 25 45 25 6.90 50 14 0.20 0.2 0.23 10 6.92 0.40 0 1200 3000
B4 Slightly hazy 24 45 25 7.80 59 30 0.20 0.2 0.45 10 7.04 0.22 0 2200 700
B5 Slightly hazy 21 45 28 7.39 87 38 0.80 0.5 0.45 10 5.70 0.68 0 2800 5000
B6 Hazy 32 45 28 6.11 99 42 1.96 1.0 0.45 20 4.55 0.65 0 2900 3000
B7 Hazy 90 45 28 7.06 127 46 24.0 2.0 1.14 50 2.60 0 13500 20000
B8 Hazy 150 45 25 6.86 180 76 25.0 10 1.14 50 2.52 0 16000 25000
B9 Hazy 160 45 25 7.01 189 92 25.0 10 1.14 50 1.80 0 23500 26000
LD Hazy 33 45 25 6.86 104 46 0.24 0.2 0.45 10 6.84 0.23 0 1600 8000
SA Hazy & black 39 54 28 7.25 78 26 0.28 0.2 0.45 10 6.25 0.57 0 700 1000
BH Hazy 125 35 25 6.82 240 140 25.0 5.0 2.28 20 1.84 0 19000 18500
MD2 0.5 1.14 10 0 27000 9500
SM2 5.0 0 50 0 25000 19000
MN2 5.0 2.28 20 0 69500 18000

Slightly Hazy
Hazy
Hazy

49
45
100

35
34
35

25
25
25

6.67
6.87
6.75

145
550
367

50
224
164

2.00
95.0
14.0

6.03
0.62
1.09

NA
NA
NA

NA
NA
NA
NA
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that is the power to keep its pH from changing.
Therefore the total alkalinity can buffer pH
and prevents aquatic lives.

Total alkalinity ranges from 12 to 92
mg/L and increases gradually from upstream
to downstream segments of the Bishnumati
River (Fig. 20).

Ammonia and ammonium
Ammonia content greater than 0.1 mg/L

indicates polluted water. Ammonia salt is a
major source of nitrogen in fertilizer. Thus
ammonia in stream water mostly come from
cultivated lands. When pH and temperature of
water are higher the ammonia in water becomes
more toxic. Also toxicity of ammonia is
pronounced when water contains low DO.

Ammonia in the water samples ranges
from 0.8 to 25 mg/L. Ammonium varies from
0.1 to 10 mg/L. Along the river profile both
ammonia and ammonium increase drastically
from the sample site in Bijeswari towards

downstream portion (Fig. 20). Ammonia
content remains below guideline amount (<0.5
mg/L) in all the samples located between fifth
to sixth order segment of the Bishnumati River.

Nitrate-nitrogen
Nitrogen may exist in the free state as a

gas, as ammonia when combined with hydrogen
or as nitrate or nitrite. Therefore, nitrate is a
form of nitrogen. Nitrate may have sources of
cultivated land, fertilizer run-off, septic tank
leakage, manure from livestocks, animal wastes
and discharge from exhaust.

Nitrate-nitrogen in the Bishnumati River
ranges from 0.23 to 1.14 mg/L, showing an
increasing trend from B7 to B9 (Fig. 20).
Nitrate-nitrogen content is even higher (2.28
mg/L) in the Bhaucha Khusi and the Manamati
Kholsi. As nitrate-nitrogen content exceeds
1.0 mg/L in samples located between
Bijeshwari and Teku, the water there is highly
polluted.

Fig. 20: Longitudinal variation of chemical parameters of the Bishnumati River
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Dissolved oxygen
Dissolved oxygen (DO) is a measure of

amount of oxygen dissolved  in water and is
measured in mg/L. This component in water
is critical to the survival of various aquatic life
in streams, such as fish. The ability of water
to hold oxygen in solution is inversely
proportional to the temperature of the water.
High amount of DO in water is associated with
diffusion of oxygen in water from atmosphere
and photosysnthesis of aquatic plants.
Contrarily, low DO can be associated with
bacterial decomposition of organic matter, high

rates of respiration by aquatic organisms,
increase in water temperature and so on. For
the healthy stream DO should exceed 5.0 mg/L.

DO in samples varies from 1.8 to7.04
mg/L. Samples from the Mahadevtar segment
downsteram possess low DO content below
the suggested limit.

Biological  parameters

BOD
Biological Oxygen Demand is a measure

of  how much oxygen is  used by
microorganisms in the aerobic oxidation, or
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breakdown of organic matter in the streams.
Usually, the higher the amount of organic
material found in the stream, the more oxygen
is used for aerobic oxidation. This depletes the
amount of dissolved oxygen available to other
aquatic life. This measurement is obtained over
a period of five days and is expressed in mg/L.

BOD5-days ranges from 0.14 to 0.68
mg/L. BOD increases three to four times in
Buspark and Bijeswari sites than in third order
stream segment.

Enterococci bacteria
Satisfactory limit of Enterococci for a

single sample is below 77 per 100 mL of
sample. All the samples tested exceed this limit
(Table 7b) and are thus highly polluted with
bacteria. Therefore, the Bishnumati River
corridor lacks recreational function.

Escherichia coli
Satisfactory limit of Escherichia coli (E.

coli) for a single sample is 270 per 100 mL of
sample. As E. coli exceed this limit for almost
all the samples except for sample B1, the
Bishnumati River and the downstream portion
of its tributaries are highly polluted and are
not suitable for recreation.

Seasonal variation of water quality

Results of EC, ammonium, nitrate-
nitrogen and COD of two different seasons
(April 2003 and August 2004) are plotted and
shown in Fig. 20. All these parameters except
nitrage-nitrogen show more or less equal
proportion up to the sample B4, but remarkable
higher proportion during the month of April.
However, ammonium and nitrate-nitrogen of
samples B7, B8 and B9 remain even higher
during August. Lacking of nitrate-nitrogen in
B6 to B9 samples during April is not fully
understood. The nitrogen in these samples

might have combined with hydrogen ions to
produce high ammonium content and could
not combine with oxygen because of difficiency
of oxygen level. The latter can be explained
by very high COD in these samples during
April.

The amounts of ammonium, ammonia,
nitrate-nitrogen, COD, EC, BOD, bacteria and
E. coli increase while DO decreases from
upstream to downstream segments.
Downstream deterioration of water quality is
directly related to increasing human-induced
activites, as effluent discharge, waste dumping,
manure disposal and dilution of riparian zone.
The overall water quality of the Bishnumati
River indicates that the lower segments between
city bus park  and Teku are highly
contaminated.

 POTENTIAL DISTURBING FACTORS
AND IMPACTS ON RIVER CORRIDOR

Both natural and man-induced factors
disturb the river corridor. Natural factors are
long term-temporal variation of catastrophic
events, rheological and geological phenomena.
Among these some pose occasional events,
while others take many years or millions of
years to modify river system. Most commonly,
man-induced activities bring about instability
and problems to river environment.

Natural factors

The total monsoonal rainfall increases
gradually from 1990 to 2003. Increasing trend
of rainfall should have bearing on increasing
discharge. Because much of the vegetated areas
have been converted to settlement and urban
areas, a peak discharge must have increased
and lag time must have shorten these days. As
the discharge increases, the flow carries much

27
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sediment from stream banks and channel. Thus
the stream approaches degradation.

Natural disturbance in the Bishnumati
River basin is also brought by  neotectonics.
Northern region of the basin has been uplifting
as revealed by elevated fluvio-lacustrine
deposits of middle to late Pleistocene epochs.
The paleo-Bishnumati River must have incised
the deposit to reach the present situation.
Existence of fan sediments in the southern
front of the Shivapuri Range also suggests
uplift of the range. Several faults extending
NW-SE occur in the Kathmandu basin (Sakai,
2001). Three of them extend along  Kuatwal-
Okhaltar areas, north face of the Nagarjun
Range and Swayambhu temple area. Vertical
dislocations in these faults perhaps offset
elevation of river bed in the long run, and affect
a base level of the Bishnumati River.
Consequently, the change in base level brings
about head cutting of the river.

Man-induced disturbing factors

Activities of human beings on local or
regional scale related to lives and economy are
infact disturbing factors to rivers.

Excavation of construction material
Sand and gravel have been excavated

from the river beds for more than two decades
to fulfill needs in construction of buildings and
other structures. The Bishnumati River  and
Sanla Khola are among those rivers which
have been excavated for construction materials
in the Kathmandu valley. Extent of excavation
in the Sanla Khola is even higher than in the
Bishnumati River corridor itself. As the Sanla
Khola is the forth order tributary joining the
Bishnumati River, excavation in the Sanla
Khola not only disturbs its segment, but also
impacts the Bishnumati River.

Along the Bishnumati River corridor,
excavation sites are observed mainly in the 4th
order segment and minorly in sixth order
segment (Fig. 22). Sand and gravel excavation
is pronounced in the Okhaltar segment (Fig.
13) and further downstream. Few places
between Bijeswari and Gongabu have also
been excavated by local dwellers. Excavation
was pronounced in Balgangaghat area between
1980 and 1990. It is efficiently done during
June to September, because stream flow is high
and sediment carried by the stream is also high
during this period. Excavation lowers down
stream bed level in the site. Such phenomenon
is observed in Okhaltar segment. Excavation
in upstream segment also scours stream bed
and erodes banks in the downstream segments,
as observed in Mahadevtar and Tamsipakha
segments. During high flow period, as sediment
load is removed, the flow in downstream must
incorporate the load in order to maintain
dynamic equilibrium according to Lane’s
(1955) relationship. The sediment load required,
thus are achieved from scouring bed material
and eroding banks in the Mahadevtar and
Tamsipakha segments. Excavation of
construction materials in Okhaltar segment
and the Sanla Khola disturbs these segments
as well as downstream segments and poses
serious problems.

Channelization and damming
Check dams located downstream of the

bridges in Mahadevtar segment and
Balgangaghat (Fig. 23a) affect stream by
generating break in river slope (Knick point)
and headcutting. Consequently, the upstream
portion has been incised posing risks to the
bridges. This phenomenon can be explained
by considering Lane’s (1955) equation where
if discharge and bedmaterial size are assumed
constant for a given period, then channel must
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Fig. 22: Map showing disturbing factors in the Bishnumati River corridor, structures and landuse umati River
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adjust to the increased slope by increasing its
bed material load. The required bed material
loads are brought in from banks and channel
by the processes of scouring and bank cutting.

Channelization by constructing gabion
or concrete walls along the banks of the channel
(Fig. 23b), is also a potential factor which alters
velocity of flow (increase) and accelerates
downstream erosion of banks and channel,
because a flow is constrained to a narrow
channel. Channelization can be widely observed
in few places of the Okhaltar segment, in almost
every reach of the Mahadevtar segment and in
most of the reaches of the Tamsipakha segment.

Urban encroachment and flood plain reduction
Urban ecroachment to the Bishnumati

River is observed mainly in the lower segments
of the forth order, fifth order, and sixth order
streams (Fig 22). Encroachment of building
and road is the commonest phenomenon.
Encroachment of river banks and flood plains
are pronounced in Mahadevtar segment, the
segment between city bus park and
Balgangaghat, and Tamsipakha segment.

Urban and settlement areas accumulate
37% of classified areas of the Bishnumati River
basin. These areas could be as low as 10% till
1996. The population and household data in
1991 and 200 show that during the ten years
of period both population and household
approached nearly 1.9 times. During last two
years (2001-2003) population growth rate in
urban areas have approached 5 to 7% which
is almost double of the rate before.  Rapid
growth of population and urbanization causes
reduction of vegetated land in the watershed.
Urbanization is associated with reduction in
vegetation. Many agricultural lands have been
transferred to built up areas. The consequence
of urbanization can be reduction of lag time

and increase of peak discharge due to low
infiltration of storm water and high surface
runoff (Chow 1964; Dunnie and Leopold 1978;
Gregory and Walling 1979). Such a peak
discharge severely erodes stream banks and
channel. On the other hand, landuse influences
sediment yield and channel modification
because the product of sediment supply and
discharge inturn influences channel size and
form (Hickin 1983).

River bank encroachment is severe along
the fifth and sixth order segment of the
Bishnumati River. Encroachment and
settlements by poor people are located between
Teku and Tamsipaka, Bijeswari and
Balgangaghat, Balgangaghat and city bus park
and between city  bus park and Mahadevtar
area (Fig. 22). These settlement areas are
potential factors for disturbance of river. These
areas are also sources of effluent and solid
waste, as many pipes and outlets of toilets are
directed towards river (Fig. 24)

Agricultural activities
Landuse actitivities associated with

agriculture are vegetation clearing, instream
modification for irrigation, bank protecting
and flood controlling. Removal of vegetation
from river  banks, floodplains, and uplands
often disturbs hydrologic and geomorphic
functions of stream corridors. Consequences
of these disturbances are sheet, rill, and gully
erosion, reduced infiltration, increased upland
surface runoff, increased stream bank erosion,
unstable stream channel, and alteration of
habitat. Vegetation clearing is less pronounced
in the Bishnumati River segment. Urbanization
has altered agricultural land of the watershed
as a whole. The agricultural activities are
relatively pronounced in Okhaltar segments as
well as the 4th order stream segment.
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Fig. 23: (a) Checkdam downstream of Bishnumati bridge in Balgangaghat and (b) Upstream view towards
Bishnumati bridge  showing a gravel road built over solid waste dumped and a channelized flow.

(a) (b)

Instream modification includes flood
control and bank erosion control structures,
and river water diversion through canals for
irrigation. Flood control structures are armoring
of banks and building walls to increase height
of banks. Bank erosion control structure
includes dykes made up of bamboo. The
potential effects that may arrise are downstream
incision of stream and erosion of stream banks.

Withdrawal of water from stream has
potential effects such as channel widening and
downcutting, increased stream gradient and

reduced energy dissipation, reduced flow
duration, reduced stream capacity to assimilate
nutrients (FISRWG 2001). Other impact from
agricultural activities is contamination of
surface water by chemicals and manure used
in crop land. The storm water flows and
infiltrates through fertilized soils may
contaminate stream water as well as ground
water.

Domestic livestock grazing
Livestock grazing can be observed in all

the segments (Fig. 22). But the most severely

Fig. 24: (a) Encroachment of the river bank between Bijeshwari and Balgangaghat; many toilets and outlets are
directed towards river and  Bishnumati bridge in Balgangaghat and  (b) Upstream view of the Bishnumati River
in Mahadevtar segment, showing channelization, encroachment of banks, effluent discharging pipes directed directly
to the river.

(b)(a)
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affected sites are located in the river segment
between Teku and Balgangaghat. Grazing not
only reduces vegetation cover in the riparian
zone, but also contaminates river by their
excretory products accumulated in the banks.
These wastes are potential sources of chemical
(ammonia, ammonium and nitrate) and bacterial
contaminants to stream.

Municiple and domestic effluent discharge and solid
waste disposal

With growing population, households
and industries, waste materials come from these
sources have also increased enormously.
Management of such waste products needs
good network of drainage system, recycling
plants, proper waste disposal and recycling
sites, awareness in people about separating
categories of waste products and a team of
experts. But none of these has been fulfilled
yet in Kathmandu Municipality.  Kathmandu
Municipality started dumping the solid wastes
in nineties decade in both banks of the
Bishnumati River extending from Balgangaghat
to Teku. Recently the solid waste is being
dumped in the banks of the Bagmati River
from Teku to Chovar (Fig. 25a). One of such

unwise activities now in operation is located
south of Tamsipakha segment (Fig. 25b). At
both banks of the Bishnumati River, roads were
extended over the dump. The road of the left
bank has recently been black topped. A gabion
wall has been extended almost along the middle
line of the channel, thus narrowing down the
channel. This structure has been built probably
for dumping the solid waste. Many effluent
disposable pipes have been directed from the
built up areas. Dumped sites are vulnerable to
settlements and are sources of contaminants.

Many plastics and other degradable items
including dead animals have been disposed by
local people directly to the river. Fig. 26 also
indicates effluent that influxes to the river.
Effluent disposing pipes are found along both
banks of the Bishnumati River between Teku
and Mahadevtar (Fig. 22). A segment between
Tamsipaka and Mahadevtar area comprises of
more than 115 pipe lines extended towards the
Bishnumati River for effluent discharge. Solid
waste dumping in the river banks and disposal
in the channel as well as effluent discharge to
river are common disturbances observed
between Teku and Mahadevtar segments. Such

Fig. 25: (a) Solid waste sorting and dumping activity on the left bank of the Bagmati River south of Teku area and

(b) Channel modification and extension of sewere pipe lines towards the Bishnumati River.
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Fig. 26: (a) Effluent from a pipe mixes with river water in Balgangaghat and (b) A huge pipe contaminating the

Bihandumati River in Tamsipakha

activities are closely associated with clearing
of vegetat ion,  bui lding walls ,  and
channelization of river. All these have
disturbing potential in one hand. On the other
hand the waste products themselve contaminate
stream and surrounding, and reduce function
for recreation.

IMPACTS  OF POTENTIAL
DISTURBING FACTORS

River dynamics and Morphology

Upset of dynamic equilibrium condition
of the Bishnumati River has impacted river
morphology by altering its depth, width, bank
height and planiform geometry. Such alterations
are pronounced in 4th to sixth order segments.
All these segements are now in degrading
condition, that means, stream is incising its
riverbed and the riverbed is lowering down.
Okhaltar segment is laterally unstable segments
and bank erosion and bank failure is
pronounced in it.

Diminision of recreational function

Because of many solid waste products
dispersed in and around the river and also
encroachment by building shelters and roads,
the recreational function has been reduced
greatly. River water is very much contaminated
in the segment between the city bus park and
Teku, therefore this segment has lost
recreational function.

Deterioration of habitat

As the river is polluted, its habitat for
aquatic organisms has been reduced. Hardly,
the fishes are found during and after monsoon
period. Diversity of flora and fauna is rare. DO
is very low in river water. Also the river water
is contaminated by other chemical constituents.
This causes reduction in aquatic organisms.

Cultural value and social welfare

Deteorated river with worst physical
look, contaminated water and solid waste has
reduced its function for social activities. Still
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many religious worships and cremation are
done nearby the river. Two of the seven world
UNESCO heritage sites are located nearby the
Bishnumati River. Many temples are also
located nearby the river. Tourists visit these
sites but many of the religious sites are avoided
due to the polluted river.

Health

Contaminated river water and sediment
affect health of people living around the river.
Eyes, skin, gastrointestinal and respiratory
diseases can be caused by contamination of
river sediment and water. Such diseases are
commonly found among people who are also
not hygenic. If people continue to live in and
around the Bishnumati River, they will face
vulnerability to their own health. Therefore,
the river corridor must be rehabilitated for the
sake of living beings.

CONCLUSIONS

1. Tributaries from the Shivapuri Range and
the Nagarjuna Range, which possess high
RR, DI and DT, contrubute the Bishnumati
River. The major trend of flow is
southeastward where the Bishnumati River
confluences with the Bagmati River.

2. Population and households in the Bishnumati
watershed have increased remarkably during
last twelve years, and have consequently
contributed in changing landuse pattern.

3. Bishnumatigau, Okhaltar, Mahadevtar and
Tamsipakha segments are classified as A4,
C4, F5 and F4-type streams.

4. Bishnumati River is sixth order perenial
stream fed by spring and storm flows which
varies seasonally. Riparian vegetation is
fair in northern segment where trees form

good overstorey and canopy, but shrub and
grass  form understorey. Riparian vegetation
becomes poor in downstream segments
where grass, shrub and exotic plants
dominate. Mahadevtar segment possesses
the poorest riparian vegetation. Riparian
zones in downstream segments have been
much altered due to encroachment.

5. BHR of all the four segments exceeds 1.5
and these segments are vertically unstable
and indicate high risk of degradation. Except
Okhaltar segments, all the other segments
are entrenched indicating verical instability.

6. High values of MWR, BEHI and W/D ratio
as indicated by Okhaltar and Tamsipakha
segments suggest vulnerability of lateral
shifting and bank material erosion.
Mahadevtar and Bishnumatigau segments
also possess moderate BEHI, but low MWR.
Overall channel stability of Bishnumatigau
and Okhaltar segments is fair (score =26-
27) and that of Mahadevtar and Tamsipakha
segments (35-37) is poor.

7. The  bankfull discharge varies from 2.84 to
10.53 m3/s, being lowest in Bishnumatigau
segment and highest in Tamsipakha
segment. The bankfull discharge of
Bishnumatigau segment approaches close
to the extreme maximum discharge data
recorded. Increase of discharge and mean
velocity in Okhaltar segment is noticeable,
and it is explained by drastic reduction in
slope and roughness offered by channel,
and  by contribution of flow from other
tributaries. Schumm’s F versus M-factor
plot indicates that the dynamic equilibrium
of the segments of the Bishnumati River
corridor is in degrading state.

8. Various disturbing activities and their
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consequences are observed in the
Bishnumati River corridor. The major
disturbing factors are both of  systemwide
and local scale. Disturbing activities
involved in systemwide instability are
landuse changes, formation of knickpoints,
and upstream modification of channel
(channelization and excavation of sand and
gravel). One of the natural disturbances
introduced can be hydro-meteorological
factor, which indicates increasing trend of
total monsoonal rainfall that can also
increase extreme discharge. Such an increase
in extreme discharge in landuse modified
area results in high peak discharge and short
lag time.  High peak discharge carries much
sediment from stream banks and channel,
and thus the river undergoes degradation.

10. Among the human-induced factors,
knickpoints developed by check dams,
excavation of construction material in
upstream segments, channelization,
encroachment, vegetation clearing, solid
waste dumping and effluent mixing activities
disturb the Bishnumati River corridor. The
Bishnumatigau segment itself is less
disturbed compared to other segments, but
channelization and water withdrawl
activities exist therein. In Okhaltar segment,
excavation and  instream modification are
involved. Mahadevtar segment is much
disturbed by human encroachment,
vegetation clearing, and consequences of
upstream (excavation), downstream
(headcutting) and basinwide factors (upland
landuse changes). The segment between
Teku and Gongabu is the most disturbed
and impacted reach by encroachment,
vegetation clearing, cattle grazing, piling
up of manure, waste dumping and disposal,
and consequences of upstream, downstream

and basin wide factors.

11. Impacts of disturbances to various segments
of the Bishnumati River corridor are river
incision, channel scouring, bed lowering,
bank erosion and failure, river plan-form
modification, loss of habitat, contamination
 and deterioration of recreational function
of the river.

12. To mitigate the environmental degradation
of the Bishnumati River, the following three
categories of tasks are recommended:

(a) Implementation of policy: Excavation of
sand and gravel from the river must be
prohibited. Alternative sources of
construction material should be explored.
Further river works must be avoided and
the river should be made as natural as
possible. Afforestation  in the upland is
suggested to reduce surface runoff. Riparian
vegetation buffer must be re-established on
both banks of the Bishnumati River. Waste
disposal and dumping must be discouraged
and prohibited. Waste management should
be begun from every house and waste
products should be reutilized.

(b) Rehabilitation: River channel should be
kept into equilibrium by regulating flow
and by preventing excavation of sediments.
Waste plastic products should be removed
from the river. Atleast 30 m span of both
right and left banks should be converted to
riparian zone. The gravel road near the river
bank should be paved in order to reduce
infiltration through dumped waste.

(c) Regular monitoring of the river
environment: Research activities for
rehabiliting the river environment  and
awarness  creating program to local people
are necessary to enhance river environment.
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