¥
¢ OF Grgy

4’% Journal of Indian Geomorphology
IGI : Volume2, 2013 + 1SSN2320-0731

()

%,

S ANSTI,

“ax »°  Indian Institute of Geomorphologists (IGI)

Bedload Characteristics of Lower Order Streams in Extremely High
Rainfall Region: A Case Study of Um-U-Lah Watershed,
Cherrapunji

H.J. Syiemlieh, Weko-ii Khutso, Andy Lyngdoh, P.S. Khanganpam
Department of Geography, Northeastern Hill University, Shillong 793022
Corresponding author: hjsyiemlieh@gmail.com

Abstract: In high rainfall regions, basin and channel characteristics coupled with a
unique hydrological regime, directly affect the character of the sediment load carried by
the stream. The bedload character shows both spatial and temporal variations. The
study of Um-U-Lah basin in Cherrapunji reflects the response of the fluvial system to the
given geo-environmental conditions. The assessment of bedload revealed that there is
varied distribution of sediment grain size along the longitudinal profile, with silt and
clay obviously being negligible. Larger particles are distributed at varying proportions
downstream, with sand constituting a major portion. The most interesting finding is that,
the granules are deposited at shorter distances than pebbles due to their higher density.
Concentration of sand at certain locations seems to indicate the influence of human

activities.

Introduction

Streams in high rainfall regions of the world
display certain unique characteristics. The
variables such as climate, geology, valley
dimensions, vegetation, hydrology, channel
morphology and sediment load affect the
stream system depending on the temporal
scale. These are reflected in the drainage area,
drainage density, stream order, relief/length
ratio, and channel and valley configuration. Out
of these parameters, relief/length ratio seems
to offer a good indication of sediment delivery
(Roehl, 1962). In areas of high rainfall like
Cherrapunji, runoff would be enormous, even
from a small area and hence steep headwater
streams represent an important component of

sediment supply (Brummer and Montgomery,
2003). River flows are, in general, turbulent,
non-uniform and unsteady in nature. The
transport of sediment through the stream
system depends highly on the grain size,
quantity of sediment supply and the ability of
the stream to transport that sediment. The
dissolved load, suspended load and bed load
move under different velocities and their
relative contribution to the total sediment load
of the stream varies significantly. Dissolved
load is carried in solution, suspended load and
bedload are particulate or solid material which
are differentiated by the size of the particles
such as clay, silt, sand, pebbles, cobbles and
boulders.
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Table 1. Distribution of bed sediment fractions along the longitudinal profile of Um-U-Lah stream
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1 3969 1412 0.02 0.1 0.77 416 2619 3495 2496  93.06  10.08 2.00
2 844 1348 001  0.12 249 1002 2951 2334 1650 107.29  14.31 5.10
3 8872 13455 003  0.08 1.93 507 2368 2876 18.33  95.84 5.79 5.90
4 9064 1345 002 0.4 360 1636 5121 1552 1315 14745 2.60 5.00
5 9584 1341 002  0.06 0.76 676 676 2593 1827  102.81 7.69 5.30
6 10333 1339 007  0.15 293 1748 1748  17.98 1340 123.92 267 7.00
7 10875 13375 001 0.2 0.63 31 341 3426 2830 9219 2.77 7.00
8 11654 1336  0.01  0.03 1.12 645 3493 2606 1575 107.30 1.93 6.20
9 11922 13357 003 0.7 0.68 834 4682 1871 819 140.35 1.12 16.50
10 12041 13355 007 0.2 336 1091 2273 1477 2517 104.07 1.68 10.40
1 12403 133 003 005 1.02 551 2866  30.34 20.69  95.97 414 5.00
12 13549 13295 006 0.8 199 1505 38.84 2015 1278  129.08 3.93 8.00
13 14649 1328 002  0.02 037 1011 6141 2151 292 15955 1.36 4.80
14 15159 1327 002 004 1.15 729 31.94 1957 1664 108.94 1.96 5.30
15 15701 13265 004  0.07 2.14 870 2038 1817 3076  96.64 0.92 443
16 15964 1326 0 003 0.46 190 19.82 2727 2539  92.00 1.90 5.80
17 16374 13205 001  0.02 098  10.00 3793  19.93 2018 11267  13.41 7.20
18 1662.1 1320 0.02  0.04 0.77 344 3149 2954 1398  103.89 2.02 12.50
19 17112 1316 002  0.03 0.49 239 2721 3034 27.32 9141 8.15 13.00
20 1819.5 1311 006  0.14 7.23 876 1570  10.34 25.86  107.21 462 18.80
21 18554 13105  0.04  0.03 1.01 721 3037 1718 2139 104.85 1.39 16.00
22 19094 131025 0.01  0.04 0.44 125 1811 3361 3208  96.36 0.46 4.30
23 19494 1309  0.05  0.08 497 1842 2964 1630 2497 115.94 3.13 15.70
24 19806 1307  0.03  0.04 209 1140 2534 1818  21.01 104.24 6.41 14.70
25 20145 1305  0.02  0.02 0.32 245 3319 3324 1765  99.65 5.90 10.50
26 20445 13045 0.03  0.04 267 1484 4301 1794 675 148.78 1.67 9.00

segregation was done entirely by dry sieving
and the range of particle sizes for the current
work was restricted between 38 um to 8 mm.
The longitudinal profile was plotted using
MAPINFO Vertical Mapper. The stream is
divided into three main sections namely Upper
(01,087 m), Middle (1,087-1,596 m) and
Lower (1,596-2,044 m) sections (Fig. 2).
Slope gradient was calculated using
elevation values from the field, matched with
topographical sheet (RF 1:25,000) and
converted to percentage. The results were
then tabulated as per the segregated size
classes and their weight in percentage was
calculated and analysed. Coefficient of
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Variation was calculated and plotted for each
sample to understand the variation of bedload
along the reach. The statistical analysis of the
different components of bedload indicates that
the percentage of silt and clay is not significant
and hence is not included in the analysis.

The distribution of bedload is compared
with elevation, slope and channel width of 26
cross sections for showing the effect of these
geomorphic parameters on bedload
distribution. For this, scatter diagrams were
constructed and linear regression analysis was
carried out to depict the changing pattern of
bedload characteristics in relation to slope and
channel width.
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at wider portions of the channel. This means
that granule particles are deposited at shorter
distances, even at constricted channel portions.
Referring to the collected samples, it was
found that the mean density of granules is
higher than that of pebbles (granules=2.56 g/
mm?; pebbles=1.53 g mm?). Usually finer
material is transported and is deposited at
longer distances provided the material is of the
same density.

The Coefficient of Variation showed that
in the upper and middle sections significant
variation of sand fragments was found (Fig.4).
Two major peaks of sand can be observed in
the upper and middle sections along the profile
(Fig.3).

It could be understood from field visits that
the two locations of variation represent a
situation which is different from the rest. It is
revealed that very coarse sand that constitutes
the largest share of the samples collected from
these two locations was a result of human
disturbance. In the upper section the landcover
has been changed for development of a play
ground and in the middle section, the surface
has been disturbed due to construction of
houses. It may be pointed out that, apart from
natural factors, human interferences in many
ways are reflected in the distribution of bedload.

Conclusion

While trying to understand the nature of
distribution of sediment fractions along
longitudinal profile of the Um-U-Lah stream,
it is important to understand the nature of
depositional patterns. The nature of deposition
of most rivers was found to be a function of
basin geology, geomorphic processes,
discharge variations over time and landuse
changes, besides other special characteristics
(Subramanian, 1993). It is also important to
note that rivers in the tropics and subtropics
show evidence of higher erosion rates than
rivers in temperate zones, flowing through
forested stretches (Dedkov and Moszherin,

1992). Climatic factors play a very important
role in this specific case due to intensity and
duration of rainfall which probably makes this
one of the world’s highest runoff area (Starkel
et al, 2004). Even though studies in Alemaya
watershed, eastern Ethiopia did not show any
significant relationship between sediment
concentrations and rainfall intensities
(Mengistu and Assefa, 2012), the combination
of several factors mentioned above would
relate to the following conclusions:

e Poor relationship of sediment grain size
with slope indicates that it is not a major
factor in determining distribution of fine
bedload on the undulating landscape of
horizontal Eocene sandstones of the
plateau. However, these conditions may
differ as the streams leave this
landscape;

e Positive relationship of fine and coarse
sand, negative relationship of granules
and poor relationship of very coarse
sand and pebbles with channel width
indicates its role in determining
distribution of fine bedload constituents.
There is a need to understand more
about the characteristics of granule
fragments and their contributing areas;

e Very recent human activities like
levelling of land for housing or creation
of ponds and playgrounds may distort
sediment contribution to streams leading
to concentration of a particular size
class.

e There is a need to refine research
methods and focus into seasonal
variations of sediment transport to
understand the annual patterns of
sediment deposition.
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