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Figure 8.5: Revised capacity and area curve with sediment accumulation after various years
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The detailed calculations sedimentation studies along with the various data used is presented as

Appendix B.

As illustrated in Table 8.4, NZE of the reservoir predicted at different time horizons of 30, 50
and 70 years as 1908 m.a.s.l, 1926 m.a.s.l and 1944 m.a.s.l indicates that even after 70 years of
reservoir operation, the sediment deposit level will be well below the MDDL (1950 m.a.s.l)

without taking into account the flushing of the sediments from reservoir.

However, Bunakha reservoir is proposed to flushed out its sediment deposit each year in
monsoons with its low level spillway sluice that will be installed at elevation of 1915 m.a.s.,
thereby ideally, the long term sediment deposit will not rise up beyond 1915 m.a.s.l. The intake
level is set at an elevation 1940 m indicating that with the provision of flushing that will be
implemented as mentioned above, the sediment built up will be maintained 25 m below the
intake level (DHPS, 2013)

As per the calculation with Empirical Area Reduction method, it would take about 81 years for
the sediment deposit to reach at MDDL (1950 m.a.s.l) without taking into account the flushing
of the sediments from reservoir. Though it is understood that once the sediment deposit reaches
at par with the MDDL, the plant would practically become inoperative due to the submergence
of intake, exhaustion period of the live storage was also estimated by computing NZE beyond
70 years as shown in Figure 8.6. By using the trend line equation, it was estimated that, it would
take 273 years (flushing of sediment is not considered ) for the live storage to get fully exhausted

when the sediment deposit would reach at FRL of the dam.
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Figure 8.6: New Zero-capacity Elevation (NZE) at various time horizons.
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8.2 Prospect of long term changes in sediment Yield due to disturbances

Human activities within a watershed such as change of land use, damming of rivers,
deforestation, urbanization may have the potential to effect the sediment yield from the
watershed (Wright and Schoellhamer, 2004). Wangchu Basin within which Bunakha catchment
is located is the most populous part of the country with about 3/5 of the population living in 1/5
of the basin area (Xue et al., 2013) and over the past one and half decades, there have been vast
expansion of infrastructures in these region. Due to rapid urbanization in the area, most of the
agricultural land were converted into settlement. There has been numerous bank protection
works being carried out in this region. In Bhutan, with its policy to maintain 60% of the country
under forest cover for all time to come, more or less there have been negligible deforestation in
the region. As it can be seen from the Figure 8.7, considering 2009 years as the exceptional one
which huge flash flood has contributed a substantial amount of sediment load occurred during
that period, nevertheless, there is a decreasing trend in the observed suspended sediment load
even after 2009. Such decreasing trend may be attributed to rapid conversion of agricultural

land for expansion of infrastructural and also due to adoption of river bank protection measures.
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Figure 8.7: Decreasing trend of observed suspended sediment load

Similar occurrence had been reported by Wright and Schoellhamer (2004) in their study titled,
“Trends in the Sediment Yield of the Sacramento River, California, 1957 — 2001” where they
have observed decreasing trend of suspended sediment discharge in the Sacramento River about
one-half over the time period due to several disturbances in the watershed including increase in
agricultural land conversion for urban uses, increased numbers of dams and reservoirs and bank

protection measures put in place in the region.
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Though, suspended sediment data analysis of the study area shows the decreasing trend over
the period, it would be difficult to conclude that such similar trend would persist in the times to
come. It may reach to an equilibrium state when the erodible materials in the catchment get

exhausted until some major gemological changes occur.

8.3 Impact of reservoir to the downstream plants

Located about 3.5 km to the downstream of the planned Bunakha Hydro-electric Project are the
two existing power plants namely 336 MW Chukha Hydro-electric Plant and 1020 Tala Hydro-
electric Plant and further downstream towards the border with India, just after the confluence
of Piping River and Wangchu River, there is another planned 600 MW Wangchu Hydro-electric

Project. Their relative locations are shown in Figure 8.8

With regard to the cascading hydropower projects seen being developed and planned, the

impact to sediment yield downstream of the Bunakha catchment is inevitable.

Darachh]
79 MW

Chhukha
336 MW

Wangchu River

Figure 8.8: Relative locations of planned and exiting hydropower plants and projects along the

Wangchu River

Each dam of the hydropower along the Wangchu River will play the role of check dam thereby
trapping sediment which otherwise would have been freely transported by the natural river
systems. As reported in Chapter 2: section 2.3, the sediment loads measured downstream of
the existing Chukha Dam was found to be considerably low which gives an indication that dam
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may have intercepted the sediment transportation. However, there can be other factor as well.
It may also depend upon time when the data are measured in those stations. It is understood that
Chukha Hydro-electric Plant has incorporated sediment flushing facilities and the accumulated
sediment deposits are flushed at regular interval for maintaining good operation of the plant and
hence, it is expected that there will not be significant change in the sediment load downstream
even though spatial and temporal variation of the sediments will occur. However, it might be
the case that in the period of data measurement in those stations, the sediment deposits are not
flushed yet. Therefore, observed sediment load may depart significantly from the true condition

giving the false indication in the long run.

It has been observed that damming of river cuts off the supply of bed material and it creates
favorable conditions for the sand fraction of the bed material to be transported faster than the
gravels causing the degradation of bed and due to which formation of amour layer is initiated.
It was found that amour layer can provide more stability to the bed downstream of the dam
compared to the condition of before impoundment provided that peak discharges are reduced

during the dam operation so as to maintain the amour layer (Morris and Fan, 1998).

Considering the future Bunakha reservoir which has relatively bigger storage capacity than
those plants in the Wanchu River System, it is understood that all the sediment deposit cannot
be flushed out even with the low level spillway incorporated for flushing the sediment deposit.
The river downstream of the Bunakha would torrent down as sediment deficit and create amour
layer situation as reported by Morris and Fan (1998). However, it would be advantageous for
the downstream hydropower plants since they will have to deal with less sediment deposit and

its related problem.

The operation of reservoir would lead to an increase flow in the river during lean season and
dampen the flood peaks during the rainy season. However, such change of the downstream
hydrological regime would have negative impact on the riverine habitats (Kummu and Varis,
2007).
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CHAPTER 9: CONCLUSIONS

9.1 Critical discussion of the results

Reservoir being the key parameter for storage scheme hydropower plant, it is very important to
study its sedimentation characteristics and one of the principal inputs for that is the rate of
sediment load inflow into the reservoir to predict its sedimentation in the due course of its
operational period. Therefore, inflow rate which is also referred as sediment yield were
determined through two independent studies viz. i) Application of PSIAC and RUSLE approach
coupled with Geographic Information System (GIS), ii) Data analysis of available suspended
sediment data of Tamchu gauging station which is located about 3 km upstream of the planned
location of Bunakha reservoir. It was fascinating to observe that irrespective of these
independent estimation method, the results obtained for sediment inflow rate were in the order

of same magnitude.

9.1.1 PSIAC Approach

While applying the PSIAC approach to determine the sediment yield for the Bunakha
Catchment/Watershed, all the required data were readily available except for the two factors
namely upland and channel erosions for which these factors had to be accounted by considering
different boundary conditions and that had also led to indirectly testing their sensitiveness
towards estimation of sediment yield. It is worth noting that these two factors share 38% of the
total PSIAC rating. Therefore, when worst case scenario was considered, the sediment yield
estimated were relatively higher than that of other approaches particularly for value obtained
for gauging station and upper limit yield value obtained from this approach clearly reflects this
case. The average sediment yields for the Bunakha catchment/watershed estimated with PSIAC
approach were 182 tons/km?/year, 279 tons/km?/year and 363 tons/km?/year for scenario 1,
scenario 2 and scenario 3 respectively. It is to be noted that these scenarios considered,
excluding scenario 1 for upland erosion which is based on limited available mapped landslide
data in the vicinity of reservoir area, are in increasing order of sediment yield levels. However,
sediment yield estimated at the location of gauging station were obtained as 805 tons/km?/year,
365 tons/km?/year and 1293 tons/km?/year which translate to sediment rate of 0.4 mm/year 0.18
mm/year and 0.63 mm/year for scenario 1, scenario 2 and scenario 3 respectively which are

slightly higher than that of average sediment yield value.
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9.1.2 RUSLE Approach

The determination of sedimentation rates based on the RUSLE approach was implemented in a
GIS and estimated in two stages. First, the annual soil loss was determined using the RUSLE
Model and in the second stage, Sediment Delivery Ratio (SDR) was applied to account for
sediment that is eroded but does not reach a stream channel because of retention and
sedimentation process. Results of its factor analysis illustrates that the main influencing factors
are rainfall erosivity (R) and slope steepness length (LS) factor followed by soil erodibility
factor while other factors namely Cover & Management factor (C) and Support Practice factor
(P) have the minimum role to play towards soil loss and sediment yield contribution due to their
least values. Therefore, it entails the requirement of high density rainfall data along with storm
records for R-factor and high resolution DEM raster map for LS-factor to increase the accuracy
of the RUSLE model. Furthermore, SDR which determines sediment yield from soil loss
resulted from RUSLE, must be studied in detail. As far as availability of journal and article
publications are concerned, there is not a single study being carried out to determine the SDR
suitable for any region of Bhutan. Hence, widely used and acceptable empirical formulas for
SDR (viz. Eq. 6.9, Eqg. 6.10 and Eq. 6.11) were used. From the sediment yield thematic map
generated (refer Figure 6.8 (Right), it illustrates that majority of the sediment yield value for
the study area extend from 50 to 600 tons/km?/year and few of those areas with extremely high

yield are concentrated south-west region where there is comparatively high rainfall intensity.

The average annual sediment yields for the Bunakha catchment/watershed estimated with
RUSLE approach were 452 tons/km?/year, 302 tons/km?/year and 337 tons/km?/year using
SDR Eg. 6.9, Eq. 6.10 and Eq. 6.11 respectively. However, average annual sediment yield
estimated at the location of gauging station were obtained as 616 tons/km?/year, 413
tons/km?/year and 460 tons/km?/year which translate to sediment rate of 0.303 mm/year 0.203

mm/year and 0.226 mm/year using SDR Eg. 6.9, Eq. 6.10 and Eq. 6.11 respectively.

By applying RUSLE, lumped empirical method and PSIAC approach which is semi-
guantitative method, it is learnt that the sediment yield in the desired watershed can be estimated
provided that the study area has sufficient information about geology, soil, rainfall, runoff, well

developed DEM and erosion prone areas.

9.1.3 Analysis of observed suspended sediment data

Two approaches were employed in estimating the total sediment load. In the first approach,
observed suspended sediment load was combined with bed load estimated from various

computational approach. In the second approach, in lieu of using observed suspended sediment
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data, the suspended sediment load was computed using parameter such as river cross section,
discharge series, grain size distribution and other necessary data and combined with bed load

estimated from various computational approach.

First approach-The total load determined by combining observed sediment load (SSL) and
bed load estimated from various computation approaches (refer Table 7.7) viz. i) 30% of the
SSL as adopted at DHMS, MoEA, Bhutan, ii) using Meyer-Peter Muller (1949) and iii) using
Ribberink (1998) show that the assumptions considered by DHMS seems very conservative and
results obtained are comparatively larger than those obtained by using the empirical equations.
Therefore, as far as method adopted for bed load computations are concerned, it was observed
that bed loads were in the range of 10-25% of the suspended sediment load. And the specific
sediment yield arrived from the overall average of the sediment of the whole period are 454
tons/km?/year, 376 tons/km?/year and 366 tons/km?/year which translate to sedimentation rate

as 0.22 mm/year, 0.19 mm/year and 0.18 mm/year.

Second approach- The total sediment load determined by combing with computed suspended
sediment load and bed load estimated as discussed above are 347 tons/km?/year, 271
tons/km?/year and 257 tons/km?/year which corresponds to sedimentation rate as 0.17 mm/year,
0.13 mm/year and 0.13 mm/year with bed load as 30% of SSL, Meyer-Peter Muller (1948)
equation, and Ribberink (1998) equation respectively.

It was seen that there is a decreasing trend in the observed suspended sediment load over period
of 2009-015. Such a decreasing trend may be attributed to rapid conversion of agricultural land

for expansion of infrastructural and also due to adoption of river bank protection measures.
9.1.4 Predicting reservoir sedimentation

Outcome of all the approaches illustrates that the sedimentation rate ranges from 0.13 to 0.63
mm/year. However, for predicting the reservoir sedimentation, mid value of 0.50 mm/year was
used after taking into consideration the safety factor of 1.3 to take into account the extreme
event of landslide due to glacier lake outburst. For predicting the reservoir sedimentation,
Empirical area reduction was used and NZE after 30, 50 and 70 years were 1908 m, 1926 m
and 1944 m respectively. Even after 70 years of operation without accounting the flushing of
sediment, the reservoir bed level will be well below the start of the live storage level. The intake
level is set at an elevation 1940 m (DHPS, 2013), but with the provision of low level spillway
sluice at 1915 m for flushing out sediments incorporated, its deposit level is planned to maintain
at 1915 m level throughout the plants operation period. Upon further calculation, it was
predicted that the sediment deposit would take 81 years to reach at MDDL (1950 m.a.s.l) and
273 years to completely exhaust the live storage without considering the flushing of sediments.
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9.1.5 Comments on sedimentation rate used for in DPR of BHEP

The sedimentation rate estimated from approaches used in this current study reveals that its
value ranges from 0.13 to 0.63 mm/year. Moreover, data analysis carried in the different DPRs
of the hydropower projects in Bhutan has their computed rates ranging up to 0.56 mm/year.
However, in most cases, a sediment rate of Imm/year was often adopted for the design of
headworks and assessment of sediment inflow into the reservoir related to sediment yield
studies of tributary rivers of Brahmaputra river which descends from other Himalaya regions.
However, the assumption that this value can be used generally for the rivers of Bhutan has not
been validated so far. Nevertheless, the rate of 1 mm/year has been used as the design input for
almost all the hydropower projects and hence, this might have caused over/under design of the

headword components and dam structures associated with sediments.

9.2 Limitation of Study
Listed below are few points that may cause limitation to the current study:

1. The shortcoming of the PSIAC approach concerns the fact the rating system suggested
by PSIAC (1968) appears very subjective since range of ratings adopted for different
sediment yield level would mean different to different users and might vary from region
to region.

2. Use of soil map of scale 1:5000000 extracted from DSMW and HSMD might not
represent the actual soil characteristics of the soil found in the study area and that may
have affected the accurateness.

3. Assumption had to be made for the channel erosion and upland erosions factor for
PSIAC approach due to limited or unavailability of data. Therefore, sediment yield
resulted from such assumptions may not reflect the true sediment characteristic of the
study area.

4. The limited rainfall data available had led to using the R-factor relation adopted in
another Himalayan region, and application of empirical equation for SDR with regard
to the RUSLE approach may have reduced the accuracy of sediment yield estimation of
the study area.

5. Suspended sediment load computation used for the current study proposed by Rijn
(1984) may not be applicable for Himalayan rivers which are generally characterized

by steep torrent flows.
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9.3 Recommendations

Similar studies in different catchment areas of Bhutan need to be carried out to find
their sedimentation rate in order to further validate the measured sediment data and
also validate the use of 1 mm/year used in all hydropower projects.

Number of sediment measuring gauging stations need to be increased to enable such
studies in the future.

To validate and compare the findings of this study, similar studies in other
catchments of Bhutan needs to be carried out.

Sediment Delivery Ratio equation application for watersheds of Bhutan needs to be
developed through statistical analysis of soil loss and their corresponding measured

sediment yield, particularly for RUSLE Model.
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Appendix A.

Sediment yield estimation with PSIAC Approach

Table Al: Factors of PSIAC and their individual rating as per PSIAC (1968)

Factor

Rating

Main Characteristic

0

(a) Massive hard formation

(@) Rocks of medium hardness, (b)moderately

5 weathered,
Surface geology (c )moderately fractured
10 (a) Marine shales and related mudstones and
siltstone
0 (a) High percentage of rock fragments, (b)
aggregated clays, (c )high in organic matters
5 (@) Medium texture, (b) Occasional rock fragments,
Soils (c) caliche layers
(a) Fine texture, easily dispersed, saline-alkaline
10 high shrink-swell characteristics, (b) single grain
silts and fine sands
(@) Humid climate with rainfall of low intensity, (b)
0 precipitation in the form of snow, (c ) arid climate
with low intensity storms, (d) arid climate with rare
convective storms
Climate 5 (a) Storm of moderate duration and intensity, (b)
infrequent convective storms
(a) Storms of several days duration with short
10 periods of intense rainfall, (b) frequent intense
convective storms, (c ) freeze-thaw occurrence
a) Low peak flows, ow volume of runoff per
0 (@ L k fl (b) 1 I f ff
unit area, (c) rare runoff events
Runoff 5 Moderate peqk flows, (b) Moderate volume of
runoff per unit area
10 High peak flows, (b) large volume of flow per unit
area
0 (a) Gentle upland slopes (<5%), (b) extensive
alluvial planes
10 @) Modgrate upland slopes (<20%), (b) moderate
Topography floodplain development
20 (a)Steep upland slopes (>30%), high relief, little or
no floodplain development
(@) Completely protect by vegetation, rock
-10 fragments, litter. Little opportunity for rainfall to
reach erodible material
Ground Cover 0 (a) Cover <40%,; noticeable litter, (b) if trees
present understory not well developed
10 (@) Ground cover <20%, vegetation sparse, little or
no litter, (b) no rock in surface soil
Land Use .10 (b) No cultivation, (b) no recent logging, (c ) low

intensity grazing




(a) <25% cultivated, (b) 50% or less recently
0 logged, (c ) <50% intensively grazed, (d) ordinary
road land and other construction
10 (@) >50% cultivated, (b) almost all the area
intensively grazed, (c ) all of the area recently burnt
0 (a) No apparent signs of erosion
(@) About 25% of the area characterized by rill and
Upland erosion 10 gully or landslide erosion, (b) wind erosion with
deposition in stream channels.
o5 (a) >50% of the area characterized by rill and gully
or landslide erosion
10 _ i
Channel erosion and (a_) Moderqte flow dept_hs medium flow duration
sediment transport with occasionally eroding banks or bed
Eroding banks continuously or at frequent intervals
25 with large depths and long flow duration, (b ) active
head cuts and degradation in tributary channels
PSIAC | Estimated Sediment Yield ranges (tons/ha/year)
After adding all the Index | based on region- Pacific Southwest USA
individual factors which | >100 >18.3
gives total PSIAC index | 75-100 6.1-18.3
that can be translated to 50-75 3.0-6.1
sediment yield 25-50 1.2-3.0
0-25 <1.2

Table A2: PSIAC rating and the sediment yield summary including yield at gauging station

Particular PSIAC Rating
Minimum -2 8 23
Maximum 107 90 120
Average 33.61 41.60 58.69
Catchment : Average Sediment Yield
(t/ha per year) 1.82 2.79 3.63
Catchment: Average t Sediment Yield 181.97 97917 362.58
t/km2 per year
PSIAC Index at gauging Station 79 59 89
Sediment Yield at Station (t/ha per 8.05 365 12.93
year)
Sediment Yield at Station (Ukmiep;?; 805.2 364.80 1293.2




Table A3: PSIAC Rating of each factor in each grid (1 km x 1 km) as extracted from ArcMap

1 2 3&4 5 6 7 8 9
Channel
Precipit- Groundcover Topog Erosion Chan-nel Chan.nel U-pland Upla.nd Upla.nd .
FID | Shape * | Runoff ation cum Land P Geology | (MS=15 & | Erosion | Erosion | Erosion(Data) | Erosion Erosion Soil
use MB=2) (S2)** (S3)** (s1)* (S2)* (S3)*
(s1)

0 Polygon 7 10 -10 20 2 0 0 0 0 10 25 5
1 Polygon 7 10 -20 10 2 0 0 0 0 10 25 5
2 Polygon 9 4 -20 20 2 0 0 0 0 10 25 5
3 Polygon 9 10 -20 20 2 2 0 0 0 10 25 5
4 Polygon 8 10 -20 20 2 2 0 0 0 10 25 5
5 Polygon 7 10 -16 20 2 2 0 0 0 10 25 5
6 Polygon 5 4 -16 20 0 0 0 0 0 10 25 4
7 Polygon 6 4 -16 20 2 0 0 0 0 10 25 5
8 Polygon 6 10 -20 10 2 0 0 0 0 10 25 5
9 Polygon 7 10 -20 20 2 2 0 0 0 10 25 5
10 Polygon 7 10 20 20 2 15 10 25 25 10 25 5
11 Polygon 7 10 -20 0 2 15 10 25 0 10 25 5
12 Polygon 7 10 -12 20 2 2 0 0 0 10 25 5
13 Polygon 7 10 -20 20 2 2 0 0 0 10 25 5
14 Polygon 5 10 -20 20 2 2 0 0 0 10 25 5
15 Polygon 5 10 -16 20 2 0 0 0 0 10 25 4
16 Polygon 5 4 -8 20 0 0 0 0 0 10 25 4
17 Polygon 5 4 -16 10 2 0 0 0 0 10 25 5
18 Polygon 6 10 -16 20 2 0 0 0 0 10 25 5




19 Polygon 7 10 -20 20 2 0 0 0 0 10 25 5

20 Polygon 7 10 -20 10 2 2 0 0 0 10 25 5
Continued till Continued till Continued till Continued till Continued till
3720 | Polygon 5 9 0 10 2 0 0 0 0 10 25 6
3721 | Polygon 5 9 0 10 0 0 0 0 0 10 25 6
3722 | Polygon 5 4 0 10 2 0 0 0 0 10 25 0
3723 | Polygon 5 9 0 0 2 0 0 0 0 10 25 0
3724 | Polygon 5 9 0 20 2 2 0 0 0 10 25 6
3725 | Polygon 5 9 0 20 2 2 0 0 0 10 25 6
3726 | Polygon 5 9 0 20 2 2 0 0 0 10 25 6
3727 | Polygon 5 9 0 20 2 0 0 0 0 10 25 6
3728 | Polygon 5 4 0 20 2 0 0 0 0 10 25 6
3729 | Polygon 5 4 -20 10 0 0 0 0 0 10 25 0
3730 | Polygon 5 9 0 20 2 0 0 0 0 10 25 0
3731 | Polygon 5 9 0 20 2 0 0 0 0 10 25 0
3732 | Polygon 5 9 0 20 2 0 0 0 0 10 25 6
3733 | Polygon 5 9 0 20 2 0 0 0 0 10 25 6

NB:

- FID denotes field identity of GRID cell of 1km by 1km. Therefore, the last FID number i.e 3733 indicate that there are 3733 such grid covering
Bunakha catchment

- The whole grid table is not shown




Table A4: Total PSIAC Rating in each GRID cell for different scenarios accounted

Total PSIAC Rating in each

Total PSIAC Rating in

Total PSIAC Rating in each

FID GRID each GRID GRID
(S1) & (S1) (S2) & (S2) (S3) & (S3)
0 34 44 59
1 14 24 39
2 20 30 45
3 28 36 51
4 27 35 50
5 30 38 53
6 17 27 42
7 21 31 46
8 13 23 38
9 26 34 49
10 104 84 114
11 19 24 54
12 34 42 57
13 26 34 49
14 24 32 47
15 25 35 50
16 25 35 50
17 10 20 35
18 27 37 52
19 24 34 49
20 16 24 39
Continued till Continued till Continued till

3720 32 42 57
3721 30 40 55
3722 21 31 46
3723 16 26 41
3724 44 52 67
3725 44 52 67
3726 44 52 67
3727 42 52 67
3728 37 47 62
3729 -1 9 24
3730 36 46 61
3731 36 46 61
3732 42 52 67
42 52 67

3733




Table Ab: Classification of geology into different class and their corresponding PSIAC rating allocation

Map o o Allotted PSIAC Remarks
) Description Classification )
Units Rating
Lower metasedimentary unit (Neoproterozoic-Cambrian) — Dominantly
amphibolite-facies (Gansser, 1983; Grujic et al., 2002; Danier et al., S
ource:
2003) metasedimentary rocks, including quartzite, and biotite- )
) ) ) o ) https://www.esci.umn.edu/courses/
Ghlml | muscovite-garnet schist and paragneiss often exhibiting kyanite, | Moderate-Strong 2 ) )
o ) ) 1001/minerals/amphibole.shtml
sillimanite, or staurolite, and partial melt textures (long and
) o ) Hardness Value: 5 or 6
McQuarrie,2010). Orthogneiss intervals locally split out. Up to ~50 km
thick; thickens toward Western Bhutan.
Upper metasedimentary unit (Neoproterozoic-Ordoviciann)- Variable s
ource:
metamorphic grade; dominantly amphibolite facies (Gansser, 1983, ]
) ] L ) ) https://www.esci.umn.edu/courses/
Ghlmu | partial melt- and often kyanite-, sillimanite-, or staurolite-bearing | Moderate-Strong 2 ) )
] ) o B 1001/minerals/amphibole.shtml
paragneiss, schist, and quartzite in east (Grujic et al., 2002) and near base
) Hardness Value: 5 or 6
in west-Central Bhutan
Orthogneiss unit (Cambrian-Ordovician) — Cliff-forming, massive-
weathering, granite-composition orthogneiss; generally, exhibits
leucosomes**and abundant feldspar augen (Long and McQuarrie, 2010;
Long et al., 2011B). Paragneiss, schist, and quartzite intervals locally ) Granitic rock but has massive
Ghlo ] ] o ] Slight-Moderate 7 )
split out. Interpreted as deformed Cambrian-Ordovician granite plutons weathering

that intruded Greater Himalayan sedimentary protoliths (Long and
McQuarrie, 2010). 1.5-8.0 km-thick; thickens toward eastern Bhutan
(Long et al., 2011B).




Leucogranite (Miocene) — Massive to foliated, syn-Himalayan

leucogranite plutons. Leucogranite intrudes the structurally-higher and

Due to Leucogranite (type of

Tgr ] ) Strong 0 granite) which contains quartz (33-
structurally-lower Greater Himalayan sections, as well as Tethyan
) ) ) o 40 vol. %); Hardness of Quartz = 7
Himalayan rocks near the STDI in the Lingshi region (Gansser, 1983).
Due to presence of marble, slate,
phylitte, limestone, shale (phylite
(1-2) & shale are very soft rocks)
Undifferentiated (Paleozoic-Eocene) — Limestone, sandstone, shale, and Source: (Phyllite:
Thu locally marble, quartzite, slate, and phyllite above STDh in Tibet and Slight 10 http://www.comparerocks.com/en/
parts of northernmost Bhutan (Wu et al., 1998; Edwards et al., 1999). properties-of-phyllite/model-38-6;
Limestone:
http://www.mineralszone.com/ston
es/limestone.html:
Triassic-Jurassic, undifferentiated — Dark-gray, tan weathering shale,
and fine-grained sandstone (Gansser, 1983). Forms diagnostic tan _ Due to weather shale stone
Tr-Jdru Slight-Moderate 7

slopes. Equivalent to lower part of Lingshi Formation of Tangri and
Pande (1995). Ca. 2,000 m-thick.

(laminated in nature)




Paleozoic, undifferentiated — In Lingshi region: medium-gray, cliff-

forming, thin-bedded, silt lamination-rich, fossiliferous limestone

Medium hardness of Limestone
(3.5-4)
Source:
http://www.rockbreaker.com/equip

ment/rockbreakersystemsmain/26-

Pzu ] ] ] Moderate 5
(Gansser,1983) equivalent to Barshong Formation (Early-Middle products/booms/702-
Cambrian) of Tangri and Pande (1995) rockhardness.html
Or
http://www.mineralszone.com/ston
es/limestone.html
) ] ] ) ) Due to presence of phyllite
Dominated by tan, cliff-forming marble, with lesser gray phyllite and
o o ] ] ] Hardness: 1-2
dark-gray phyllitic quartzite in Lingshi region (Gansser, 1983). ]
Pzc ) ] ] ] Slight 10 Source:
Dominantly upper greenschist facies (Gansser, 1983). 2.2-4.0 km-thick
http://www.comparerocks.com/en/
(Long et al., 2011B). ) )
properties-of-phyllite/model-38-6
Upper unit (Cambrian-Ordovician) — Tan to gray, very coarse-grained, Biotite Hardness: 25 to 3
Pr0U/ thin- to medium-bedded, cliff-forming, biotite-rich quartzite, Source:
zpu
p3 interbedded with biotite-muscovite-garnet schist (Tobgay et al., 2010). | Slight-Moderate 7 http://geology.com/minerals/biotite
m
Marble marker bed (m3; 250 m-thick) is divided out. 1,600 m-thick total shtml
(Tobgay et al., 2010). Hardness: 2.5 to 3, contains quartz
Middle unit (Cambrian-Ordovician) — Gray to tan, thin-bedded, fine- o
] ) o - ) Biotite Hardness: 25 to 3
Pzpm | grained, micaceous quartzite, interbedded with biotite-garnet-muscovite ]
] . Slight-Moderate 7 Source:
/m2/m1 | schist (Tobgay et al., 2010), rare calc-silicate rocks, and marble. Contact

with schist of lower unit is gradational. Two white to gray,

http://geology.com/minerals/biotite




mediumcrystalline marble marker beds (m1, 10 m-thick; m2, 100-200
m-thick) are divided out. 2,000 m-thick total (Tobgay et al., 2010)

.shtml

Hardness: 2.5 to 3, contains quartz

Orthogneiss (Ordovician) - Concordant, foliated leucogranite and

granitic orthogneiss bodies within middle and upper unit, interpreted as

Due to Leucogranite (type of
granite) which contains quartz (33-
40 vol. %); Hardness of Quartz = 7,

Granite hardness hard to define;

Pzo deformed Ordovician granite plutons (Tobgay et al., 2010). Kyanite- and Strong depents on  miniral  content
sillimanite-bearing schist locally present in country rock adjacent to Source:
intrusions (Tobgay et al., 2010) http://www.newworldencyclopedia.
org/entry/Mohs_scale_of _mineral_
hardness
Lower unit (Neoproterozoic-Ordovician) - Muscovite-biotite-garnet- Blotite  Hardness: - 25 to 3
staurolite schist, with kyanite present within quartz veins (Tobgay et ] Source: ] o
Pzpl Slight-Moderate http://geology.com/minerals/biotite

al.,2010). Quartzite interbeds become more common upsection. 600 m-
thick (Tobgay et al., 2010).

.shtml

Hardness: 2.5 to 3, contains quartz




Figure Al: Conceptual framework of PSIAC model
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Appendix B.

sediment yield estimation with RUSLE Model

Table B1: Sediment yield estimation in each grid cell (200 m x 200 m) using RUSLE model and the results obtained for each grid is shown
as extracted from ArcMap

Sediment Yield (ton/km2/year)
FID Long. Lat. R-Factor | K-Factor | LS-Factor | C-Factor | P-Factor (tons/ﬁ:':'\I;;;ear) with SDR | with SDR | with SDR
Eq.6.9 Eq.6.10 Eq.6.11
0 208059 | 3000059 | 571.93 0.24 3.76 0.00 1.00 154.82 39.37 26.35 29.37
1 208219 | 3000007 | 571.93 0.24 3.76 0.03 1.00 1290.13 328.07 219.61 244.75
2 208336 | 2999986 | 571.93 0.24 3.76 0.03 1.00 1290.13 328.07 219.61 244.75
3 207626 | 3000257 | 565.60 0.24 11.34 0.00 1.00 153.88 39.13 26.19 29.19
4 207819 | 3000222 | 565.60 0.24 22.12 0.00 1.00 900.64 229.02 153.31 170.86
5 208007 | 3000189 | 571.93 0.24 22.12 0.00 1.00 910.71 231.59 155.02 172.77
6 208206 | 3000188 | 571.93 0.24 3.76 0.00 1.00 206.42 52.49 35.14 39.16
7 208367 | 3000205 | 564.23 0.24 3.76 0.00 1.00 203.64 51.78 34.66 38.63
8 207472 | 3000415 | 558.65 0.24 11.34 0.00 1.00 151.99 38.65 25.87 28.83
9 207606 | 3000388 | 565.60 0.24 11.34 0.00 1.00 153.88 39.13 26.19 29.19
10 207806 | 3000388 | 565.60 0.24 22.12 0.00 1.00 900.64 229.02 153.31 170.86
11 208006 | 3000388 | 565.60 0.24 22.12 0.03 1.00 7505.30 1908.54 1277.55 1423.80
12 208206 | 3000388 | 565.01 0.24 6.04 0.03 1.00 2047.17 520.58 348.47 388.36
13 208405 | 3000389 | 564.23 0.24 6.04 0.00 1.00 327.09 83.18 55.68 62.05
14 208553 | 3000430 | 564.23 0.26 2.52 0.00 1.00 147.75 37.57 25.15 28.03
15 207089 | 3000686 | 551.06 0.24 23.64 0.00 1.00 312.68 79.51 53.22 59.32
16 207230 | 3000677 | 558.65 0.24 39.59 0.00 1.00 2122.98 539.86 361.37 402.74
17 207423 | 3000601 | 558.65 0.24 39.59 0.00 1.00 2122.98 539.86 361.37 402.74
18 207606 | 3000588 | 558.65 0.24 31.42 0.00 1.00 421.20 107.11 71.70 79.90
19 207806 | 3000588 | 558.35 0.24 27.64 0.00 1.00 370.35 94.18 63.04 70.26
20 208006 | 3000588 | 558.35 0.24 27.64 0.00 1.00 1111.06 282.53 189.12 210.77
Continued till Continued till Continued till Continued till Continued till
89857 181206 | 3081988 | 412.45 0.24 23.34 0.00 1.00 23.11 5.88 3.93 4.38




89858 181406 | 3081988 | 412.39 0.24 16.00 0.00 1.00 15.84 4.03 2.70 3.00
89859 181606 | 3081988 | 412.39 0.24 15.95 0.00 1.00 0.00 0.00 0.00 0.00
89860 181806 | 3081988 | 412.33 0.24 15.95 0.00 1.00 0.00 0.00 0.00 0.00
89861 182006 | 3081988 | 412.26 0.24 27.10 0.00 1.00 0.00 0.00 0.00 0.00
89862 182206 | 3081988 | 412.26 0.24 27.10 0.00 1.00 0.00 0.00 0.00 0.00
89863 182406 | 3081988 | 412.20 0.24 32.19 0.00 1.00 0.00 0.00 0.00 0.00
89864 182606 | 3081988 | 412.14 0.24 59.63 0.00 1.00 0.00 0.00 0.00 0.00
89865 182806 | 3081988 | 412.14 0.24 59.63 0.00 1.00 0.00 0.00 0.00 0.00
89866 183006 | 3081988 | 412.07 0.24 16.11 0.00 1.00 15.93 4.05 2.71 3.02
89867 183206 | 3081988 | 412.01 0.26 16.11 0.00 1.00 17.26 4.39 2.94 3.27
89868 183406 | 3081988 | 412.01 0.26 17.21 0.00 1.00 0.00 0.00 0.00 0.00
89869 183606 | 3081988 | 411.95 0.26 29.77 0.00 1.00 0.00 0.00 0.00 0.00
89870 183806 | 3081988 | 411.89 0.26 29.77 0.00 1.00 0.00 0.00 0.00 0.00
89871 183999 | 3081982 | 411.89 0.26 0.00 0.00 1.00 0.00 0.00 0.00 0.00
89872 184134 | 3081922 | 411.76 0.26 0.00 0.00 1.00 0.00 0.00 0.00 0.00
89873 180704 | 3082089 | 412.52 0.24 8.82 0.00 1.00 0.00 0.00 0.00 0.00
89874 180841 | 3082136 | 412.52 0.24 0.00 0.00 1.00 0.00 0.00 0.00 0.00
89875 181008 | 3082170 | 412.45 0.24 0.00 0.00 1.00 0.00 0.00 0.00 0.00
89876 181207 | 3082178 | 412.45 0.24 0.00 0.00 1.00 0.00 0.00 0.00 0.00
89877 181407 | 3082185 | 412.39 0.24 10.61 0.00 1.00 10.50 2.67 1.79 1.99
89878 181606 | 3082188 | 412.39 0.24 21.19 0.00 1.00 20.97 5.33 3.57 3.98
89879 181806 | 3082188 | 412.33 0.24 21.19 0.00 1.00 20.97 5.33 3.57 3.98
89880 182006 | 3082188 | 412.26 0.24 0.00 0.00 1.00 0.00 0.00 0.00 0.00
89881 182206 | 3082188 | 412.26 0.24 0.00 0.00 1.00 0.00 0.00 0.00 0.00
89882 182406 | 3082188 | 412.20 0.24 10.67 0.00 1.00 0.00 0.00 0.00 0.00
89883 182606 | 3082188 | 412.14 0.24 9.31 0.00 1.00 9.21 2.34 1.57 1.75
89884 182806 | 3082188 | 412.14 0.24 9.31 0.00 1.00 9.21 2.34 1.57 1.75
89885 183006 | 3082188 | 412.07 0.24 22.00 0.00 1.00 21.75 5.53 3.70 4.13
89886 183206 | 3082188 | 412.01 0.24 22.00 0.00 1.00 21.75 5.53 3.70 4.13
89887 183406 | 3082188 | 412.01 0.24 12.36 0.00 1.00 0.00 0.00 0.00 0.00
89888 183606 | 3082188 | 411.95 0.24 11.00 0.00 1.00 0.00 0.00 0.00 0.00




89889 183803 | 3082184 | 411.89 0.26 11.00 0.00 1.00 0.00 0.00 0.00 0.00
89890 183951 | 3082151 | 411.89 0.26 11.00 0.00 1.00 0.00 0.00 0.00 0.00
89891 181493 | 3082289 | 412.39 0.24 10.61 0.00 1.00 0.00 0.00 0.00 0.00
89892 181626 | 3082293 | 412.39 0.24 21.19 0.00 1.00 0.00 0.00 0.00 0.00
89893 181810 | 3082296 | 412.33 0.24 21.19 0.00 1.00 0.00 0.00 0.00 0.00
89894 182009 | 3082298 | 412.26 0.24 0.00 0.00 1.00 0.00 0.00 0.00 0.00
89895 182209 | 3082301 | 412.26 0.24 0.00 0.00 1.00 0.00 0.00 0.00 0.00
89896 182408 | 3082303 | 412.20 0.24 10.67 0.00 1.00 0.00 0.00 0.00 0.00
89897 182608 | 3082305 | 412.14 0.24 9.31 0.00 1.00 9.21 2.34 1.57 1.75
89898 182808 | 3082307 | 412.14 0.24 9.31 0.00 1.00 9.21 2.34 1.57 1.75
89899 183008 | 3082310 | 412.07 0.24 22.00 0.00 1.00 21.75 5.53 3.70 4.13
89900 183208 | 3082312 | 412.01 0.24 22.00 0.00 1.00 0.00 0.00 0.00 0.00
89901 183412 | 3082330 | 412.01 0.24 12.36 0.00 1.00 0.00 0.00 0.00 0.00
89902 183576 | 3082306 | 411.95 0.24 11.00 0.00 1.00 0.00 0.00 0.00 0.00
89903 183724 | 3082291 | 411.95 0.24 11.00 0.00 1.00 0.00 0.00 0.00 0.00
NB:

- FID denotes field identity of GRID cell (200 m by 200m). Therefore, the last FID number is 89903 which indicate that there are 89903 such grid
covering Bunakha catchment. Each grid has its RULSE factor assigned and the product of these factors results the sediment yield estimation of that

particular grid.



Appendix C. Sediment data analysis

It is to be noted that full table of data computation is not shown deliberately to avoid unnecessary

pages.

Table C1: Computation of bed load with Meyer-Peter Muller (1948) equation

Average Discharge (m3/sec) m3/sec 64.41859

Kst - 35

Width of Channel, B [m] 40

Critical Shear Stress, Fr*. [N/m?] 0.047

Reduction factor considering bed roughness, [Kst/Kr] - 0.95

Density of Sediment, Ps [kg/m?3] 2650

Density of Water, Pw [kg/m’] 1000

Mean Diameter of grain, dso [m] 0.0375

Gravity, g [m/sec’] 9.81

Slope of Channel, S - 0.0012

Volumetric
Date Discharge Stage (m) Hydra}ulic Shield Bed load rate To::L::ed
(m3/s) Radius Stress (qb) (tons)
(m3/sec/m

01.01.2009 26.483 2.32349465 | 2.081659 | 0.040372 0.00 0.00
02.01.2009 26.483 2.32349465 | 2.081659 | 0.040372 0.00 0.00
03.01.2009 26.222 2.318735941 | 2.077838 | 0.040297 0.00 0.00
04.01.2009 25.788 2.310739171 | 2.071414 | 0.040173 0.00 0.00
05.01.2009 25.788 2.310739171 | 2.071414 | 0.040173 0.00 0.00
06.01.2009 25.631 2.307820036 | 2.069068 | 0.040127 0.00 0.00
07.01.2009 25.474 2.304886687 | 2.06671 | 0.040082 0.00 0.00
08.01.2009 25.317 2.301938966 | 2.06434 | 0.040036 0.00 0.00
09.01.2009 25.159 2.298957799 | 2.061942 | 0.039989 0.00 0.00
10.01.2009 25.002 2.295980757 | 2.059547 | 0.039943 0.00 0.00
11.01.2009 24.845 2.292988854 | 2.057139 | 0.039896 0.00 0.00
12.01.2009 24.688 2.289981921 | 2.054719 | 0.039849 0.00 0.00
13.01.2009 24.531 2.286959785 | 2.052285 | 0.039802 0.00 0.00
14.01.2009 24.374 2.283922271 | 2.049839 | 0.039754 0.00 0.00
15.01.2009 24.217 2.280869203 | 2.047379 | 0.039707 0.00 0.00
16.01.2009 24.06 2.277800398 | 2.044906 | 0.039659 0.00 0.00
17.01.2009 23.903 2.274715672 | 2.042419 | 0.039611 0.00 0.00
18.01.2009 23.746 2.271614836 | 2.039919 | 0.039562 0.00 0.00
19.01.2009 23.589 2.2684977 2.037405 | 0.039513 0.00 0.00
20.01.2009 23.432 2.265364068 | 2.034877 | 0.039464 0.00 0.00
21.01.2009 23.275 2.262213742 | 2.032335 | 0.039415 0.00 0.00
22.01.2009 23.118 2.259046519 | 2.029778 | 0.039365 0.00 0.00
11.03.2009 18.347 2.153502787 | 1.944165 | 0.037705 0.00 0.00
12.03.2009 18.347 2.153502787 | 1.944165 | 0.037705 0.00 0.00




13.03.2009 18.347 2.153502787 | 1.944165 | 0.037705 0.00 0.00
14.03.2009 17.867 2.141717372 | 1.934554 | 0.037519 0.00 0.00
15.03.2009 17.799 2.14002753 | 1.933175 | 0.037492 0.00 0.00
16.03.2009 17.799 2.14002753 | 1.933175 | 0.037492 0.00 0.00
17.03.2009 17.799 2.14002753 | 1.933175 | 0.037492 0.00 0.00
18.03.2009 17.759 2.139031113 | 1.932362 | 0.037476 0.00 0.00
19.03.2009 17.261 2.126474224 | 1.922109 | 0.037277 0.00 0.00
20.03.2009 17.937 2.143451597 | 1.935969 | 0.037546 0.00 0.00
21.03.2009 17.073 2.121659115 | 1.918174 | 0.037201 0.00 0.00
22.03.2009 16.936 2.11812368 | 1.915283 | 0.037145 0.00 0.00
23.03.2009 17.31 2.127722389 | 1.923128 | 0.037297 0.00 0.00
24.03.2009 17.683 2.137133005 | 1.930813 | 0.037446 0.00 0.00
25.03.2009 18.057 2.146412107 | 1.938384 | 0.037593 0.00 0.00
26.03.2009 18.431 2.155540031 | 1.945825 | 0.037737 0.00 0.00
27.03.2009 18.805 2.164522235 | 1.953141 | 0.037879 0.00 0.00
28.03.2009 19.178 2.173340417 | 1.960318 | 0.038018 0.00 0.00
29.03.2009 19.552 2.182046727 | 1.967399 | 0.038156 0.00 0.00
30.03.2009 19.912 2.190303269 | 1.974108 | 0.038286 0.00 0.00
31.03.2009 20.352 2.200235355 | 1.982173 | 0.038442 0.00 0.00
01.04.2009 19.988 2.192031163 | 1.975512 | 0.038313 0.00 0.00
02.04.2009 20.13 2.195245684 | 1.978122 | 0.038364 0.00 0.00
03.04.2009 20.278 2.198576948 | 1.980827 | 0.038416 0.00 0.00
04.04.2009 21.104 2.2168228 | 1.995625 | 0.038703 0.00 0.00
05.04.2009 21.972 2.235396032 | 2.010664 | 0.038995 0.00 0.00
06.04.2009 21.864 2.233117123 | 2.008821 | 0.038959 0.00 0.00
07.04.2009 30.133 2.386432975 | 2.132035 | 0.041349 0.00 0.00
08.04.2009 25.618 2.307577689 | 2.068873 | 0.040124 0.00 0.00
09.04.2009 25.025 2.29641781 | 2.059898 | 0.03995 0.00 0.00
10.04.2009 25.19 2.29954388 | 2.062413 | 0.039998 0.00 0.00
11.04.2009 25.025 2.29641781 | 2.059898 | 0.03995 0.00 0.00
12.04.2009 24 2.276623411 | 2.043957 | 0.03964 0.00 0.00
13.04.2009 21.486 2.225069977 | 2.002306 | 0.038833 0.00 0.00
14.04.2009 21.104 2.2168228 | 1.995625 | 0.038703 0.00 0.00
15.04.2009 19.851 2.18891262 | 1.972979 | 0.038264 0.00 0.00
16.04.2009 19.97 2.191622397 | 1.97518 | 0.038307 0.00 0.00
17.04.2009 21.104 2.2168228 | 1.995625 | 0.038703 0.00 0.00
18.04.2009 19.988 2.192031163 | 1.975512 | 0.038313 0.00 0.00
19.04.2009 19.191 2.173645292 | 1.960566 | 0.038023 0.00 0.00
20.04.2009 18.977 2.1686056 | 1.956465 | 0.037944 0.00 0.00
21.04.2009 19.736 2.186281661 | 1.970841 | 0.038222 0.00 0.00
22.04.2009 20.36 2.200414356 | 1.982318 | 0.038445 0.00 0.00
23.04.2009 18.562 2.158702515 | 1.948402 | 0.037787 0.00 0.00
24.04.2009 17.267 2.126627211 | 1.922234 | 0.03728 0.00 0.00
25.04.2009 17.945 2.143649452 | 1.93613 | 0.037549 0.00 0.00
14.09.2009 123.924 3.197942444 | 2.757091 | 0.053471 0.00 269.36
15.09.2009 112.564 3.134925111 | 2.710123 | 0.05256 0.00 145.78




16.09.2009 102.248 3.073165992 | 2.663844 | 0.051662 0.00 51.80
17.09.2009 83.825 2.949346499 | 2.57031 | 0.049848 0.00 0.00
18.09.2009 75.193 2.88374062 | 2.52034 | 0.048879 0.00 0.00
19.09.2009 105414 | 3.092626103 | 2.678453 | 0.051946 0.00 77.98
20.09.2009 100.842 3.064370344 | 2.657233 | 0.051534 0.00 41.17
21.09.2009 109.541 3.117308959 | 2.696948 | 0.052304 0.00 115.88
22.09.2009 103.695 3.082118544 | 2.670568 | 0.051793 0.00 63.41
23.09.2009 91.499 3.003313405 | 2.611201 | 0.050641 0.00 0.00
24.09.2009 81.189 2.929903991 | 2.555531 | 0.049562 0.00 0.00
25.09.2009 79.123 2.914312633 | 2.543661 | 0.049332 0.00 0.00
26.09.2009 78.637 2.910598133 | 2.540831 | 0.049277 0.00 0.00
27.09.2009 76.452 2.89366974 | 2.527921 | 0.049026 0.00 0.00
28.09.2009 75.515 2.88629255 | 2.522289 | 0.048917 0.00 0.00
29.09.2009 75.057 2.882660182 | 2.519515 | 0.048863 0.00 0.00
30.09.2009 74.745 2.880175653 | 2.517617 | 0.048827 0.00 0.00
01.10.2009 74.28 2.876457441 | 2.514775 | 0.048771 0.00 0.00
02.10.2009 70.794 2.847978694 | 2.492981 | 0.048349 0.00 0.00
03.10.2009 68.266 2.826622379 | 2.476602 | 0.048031 0.00 0.00
04.10.2009 66.8 2.813948846 | 2.466867 | 0.047842 0.00 0.00
05.10.2009 73.506 2.870227282 | 2.510012 | 0.048679 0.00 0.00
06.10.2009 80.851 2.927374918 | 2.553607 | 0.049524 0.00 0.00
07.10.2009 225.048 3.618332126 | 3.064003 | 0.059423 0.00 1538.16
08.10.2009 499.583 4.267752785 | 3.517221 | 0.068213 0.00 4397.93
09.10.2009 181.916 3.462427962 | 2.951466 | 0.057241 0.00 995.26
10.10.2009 142.271 3.29065659 | 2.825731 | 0.054802 0.00 490.33
11.10.2009 131.902 3239511353 | 2.787934 | 0.054069 0.00 363.22
12.10.2009 121.949 3.18732513 | 2.749196 | 0.053318 0.00 246.87
13.10.2009 113.865 3.142391218 | 2.715701 | 0.052668 0.00 159.11
14.10.2009 106.966 3101996775 | 2.685479 | 0.052082 0.00 91.79
15.10.2009 101.707 3.069793027 | 2.66131 | 0.051613 0.00 47.63
Continued till Continued till continued till
31.12.2015 | 15.223 | 2.071882021 | 1.877395 | 0.03641|  0.00 0.00

Table C2: Computation of bed load with Riberink (1998) Equation

Gravity, g 9.81 m2/sec
median grain size, dso 0.04 m
Slope, | 0.00

Density of water, p 1000.00 kg/m3
Density of sediment grain, ps 2650.00 kg/m?3
Kinematic Viscosity of water, v 1E-06 m?/sec
Relative Density, S 2.65

Critical Shear Parameter, O 0.06




Non-

. . Volumetric
Discharge Hydraulic dimensional Bed Load, Total Bed
Date Stage (m) . parameter load
(m3/s) Radius db
of bed load 3 (tons)
(m3/sec/m)
()

01.01.2009 26.483 2.32349465 | 2.081659 0 0 0
02.01.2009 26.483 2.32349465 | 2.081659 0 0 0
03.01.2009 26.222 2.318735941 | 2.077838 0 0 0
04.01.2009 25.788 2.310739171 | 2.071414 0 0 0
05.01.2009 25.788 2.310739171 | 2.071414 0 0 0
06.01.2009 25.631 2.307820036 | 2.069068 0 0 0
07.01.2009 25.474 2.304886687 | 2.06671 0 0 0
08.01.2009 25.317 2.301938966 | 2.06434 0 0 0
09.01.2009 25.159 2.298957799 | 2.061942 0 0 0
10.01.2009 25.002 2.295980757 | 2.059547 0 0 0
11.01.2009 24.845 2.292988854 | 2.057139 0 0 0
12.01.2009 24.688 2.289981921 | 2.054719 0 0 0
13.01.2009 24.531 2.286959785 | 2.052285 0 0 0
14.01.2009 24.374 2.283922271 | 2.049839 0 0 0
15.01.2009 24.217 2.280869203 | 2.047379 0 0 0
16.01.2009 24.06 2.277800398 | 2.044906 0 0 0
17.01.2009 23.903 2.274715672 | 2.042419 0 0 0
18.01.2009 23.746 2.271614836 | 2.039919 0 0 0
19.01.2009 23.589 2.2684977 2.037405 0 0 0
20.01.2009 23.432 2.265364068 | 2.034877 0 0 0
21.01.2009 23.275 2.262213742 | 2.032335 0 0 0
22.01.2009 23.118 2.259046519 | 2.029778 0 0 0
23.01.2009 22.961 2.255862193 | 2.027207 0 0 0
24.01.2009 22.804 2.252660554 | 2.024621 0 0 0
26.05.2009 639.486 4.491531978 | 3.667824 | 0.015994314 | 0.0014636 | 13404.268
27.05.2009 815.12 4,722917194 | 3.82068 | 0.020678949 | 0.00189228 | 17330.295
28.05.2009 150.512 3.329236855 | 2.854133 | 6.78059E-06 | 6.2048E-07 | 5.6825731
Continued till Continued till Continued till Continued till
31.12.2015 15.223 2.071882021 | 1.877395 0 0 0




Table C3: Computation of total suspended sediment load from observed data and bed load as 30% of the total

suspended sediment load

Susp. Su.lsp. Sysp. Sl:lSp.
Daily C-sand sediment sediment sand load | C-Fine sediment | sediment Fine load Total Susp. Total Bed load
Day Discharge (ppm) conc. c-sand conc. c- (Ton/day) | (ppm) con.c. c- conc.:. c- (Ton/day) Load (30% assumed
(ke/ke sand Fine Fine (tons/day) (tons/day)
(kg/m?) (kg/kg (kg/m?)
01.01.2009 26.483 1.622 1.622E-06 0.002 3.711 4.671 | 4.671E-06 0.005 10.69 14.40 4.32
02.01.2009 26.483 1.622 1.622E-06 0.002 3.711 4.671 | 4.671E-06 0.005 10.69 14.40 4.32
03.01.2009 26.222 1.594 1.594E-06 0.002 3.611 4.607 | 4.607E-06 0.005 10.44 14.05 4.21
04.01.2009 25.788 1.548 1.548E-06 0.002 3.449 4.502 | 4.502E-06 0.005 10.03 13.48 4.04
05.01.2009 25.788 1.548 1.548E-06 0.002 3.449 4.502 | 4.502E-06 0.005 10.03 13.48 4.04
06.01.2009 25.631 1.532 1.532E-06 0.002 3.392 4.464 | 4.464E-06 0.004 9.88 13.28 3.98
07.01.2009 25.474 1.515 1.515E-06 0.002 3.335 4.426 | 4.426E-06 0.004 9.74 13.08 3.92
08.01.2009 25.317 1.499 1.499E-06 0.001 3.279 4.388 | 4.388E-06 0.004 9.60 12.88 3.86
09.01.2009 25.159 1.483 1.483E-06 0.001 3.223 4.350 | 4.350E-06 0.004 9.46 12.68 3.80
10.01.2009 25.002 1.466 1.466E-06 0.001 3.168 4.312 | 4.312E-06 0.004 9.32 12.48 3.74
11.01.2009 24.845 1.450 1.450E-06 0.001 3.113 4.275 | 4.275E-06 0.004 9.18 12.29 3.69
12.01.2009 24.688 1.434 1.434E-06 0.001 3.059 4.237 | 4.237E-06 0.004 9.04 12.10 3.63
13.01.2009 24.531 1.418 1.418E-06 0.001 3.006 4.200 | 4.200E-06 0.004 8.90 11.91 3.57
14.01.2009 24.374 1.402 1.402E-06 0.001 2.953 4.163 | 4.163E-06 0.004 8.77 11.72 3.52
15.01.2009 24.217 1.387 1.387E-06 0.001 2.901 4,126 | 4.126E-06 0.004 8.63 11.53 3.46
16.01.2009 24.06 1.371 1.371E-06 0.001 2.850 4.089 | 4.089E-06 0.004 8.50 11.35 3.40
17.01.2009 23.903 1.355 1.355E-06 0.001 2.799 4.052 | 4.052E-06 0.004 8.37 11.17 3.35
18.01.2009 23.746 1.340 1.340E-06 0.001 2.749 4.015 | 4.015E-06 0.004 8.24 10.99 3.30
19.01.2009 23.589 1.324 1.324E-06 0.001 2.699 3.978 | 3.978E-06 0.004 8.11 10.81 3.24
20.01.2009 23.432 1.309 1.309E-06 0.001 2.650 3.941 | 3.941E-06 0.004 7.98 10.63 3.19
21.01.2009 23.275 1.293 1.293E-06 0.001 2.601 3.905 | 3.905E-06 0.004 7.85 10.45 3.14
22.01.2009 23.118 1.278 1.278E-06 0.001 2.553 3.868 | 3.868E-06 0.004 7.73 10.28 3.08
23.01.2009 22.961 1.263 1.263E-06 0.001 2.506 3.832 | 3.832E-06 0.004 7.60 10.11 3.03




24.01.2009 22.804 1.248 1.248E-06 0.001 2.459 3.795 | 3.795E-06 0.004 7.48 9.94 2.98
25.01.2009 22.646 1.233 1.233E-06 0.001 2.412 3.759 | 3.759E-06 0.004 7.35 9.77 2.93
26.01.2009 22.489 1.218 1.218E-06 0.001 2.366 3.723 | 3.723E-06 0.004 7.23 9.60 2.88
27.01.2009 22.489 1.218 1.218E-06 0.001 2.366 3.723 | 3.723E-06 0.004 7.23 9.60 2.88
28.01.2009 22.489 1.218 1.218E-06 0.001 2.366 3.723 | 3.723E-06 0.004 7.23 9.60 2.88
29.01.2009 22.489 1.218 1.218E-06 0.001 2.366 3.723 | 3.723E-06 0.004 7.23 9.60 2.88
30.01.2009 22.489 1.218 1.218E-06 0.001 2.366 3.723 | 3.723E-06 0.004 7.23 9.60 2.88
31.01.2009 22.489 0.932 9.320E-07 0.001 1.811 2.796 | 2.796E-06 0.003 5.43 7.24 2.17
01.02.2009 22.489 0.946 9.460E-07 0.001 1.838 1.892 | 1.892E-06 0.002 3.68 5.51 1.65
02.02.2009 22.489 0.944 9.440E-07 0.001 1.834 1.887 | 1.887E-06 0.002 3.67 5.50 1.65
03.02.2009 22.489 0.933 9.330E-07 0.001 1.813 1.865 | 1.865E-06 0.002 3.62 5.44 1.63
04.02.2009 22.489 1.025 1.025E-06 0.001 1.992 3.075 | 3.075E-06 0.003 5.97 7.97 2.39
05.02.2009 21.942 0.983 9.830E-07 0.001 1.864 2.949 | 2.949E-06 0.003 5.59 7.45 2.24
06.02.2009 21.864 0.908 9.080E-07 0.001 1.715 8.815 | 8.815E-06 0.009 16.65 18.37 5.51
07.02.2009 21.864 0.947 9.470E-07 0.001 1.789 2.842 | 2.842E-06 0.003 5.37 7.16 2.15
08.02.2009 21.634 0.928 9.280E-07 0.001 1.735 3.711 | 3.711E-06 0.004 6.94 8.67 2.60
09.02.2009 21.25 0.910 9.100E-07 0.001 1.671 2.731 | 2.731E-06 0.003 5.01 6.68 2.01
10.02.2009 21.25 0.907 9.070E-07 0.001 1.665 3.629 | 3.629E-06 0.004 6.66 8.33 2.50
11.02.2009 21.25 0.954 9.540E-07 0.001 1.752 2.861 | 2.861E-06 0.003 5.25 7.00 2.10
12.02.2009 20.723 1.908 1.908E-06 0.002 3.416 4.770 | 4.770E-06 0.005 8.54 11.96 3.59
13.02.2009 20.648 1.956 1.956E-06 0.002 3.489 3.913 | 3.913E-06 0.004 6.98 10.47 3.14
14.02.2009 20.648 0.965 9.650E-07 0.001 1.722 2.894 | 2.894E-06 0.003 5.16 6.88 2.07
15.02.2009 20.648 0.916 9.160E-07 0.001 1.634 2.749 | 2.749E-06 0.003 4.90 6.54 1.96
16.02.2009 20.13 0.947 9.470E-07 0.001 1.647 2.840 | 2.840E-06 0.003 4.94 6.59 1.98
17.02.2009 20.056 1.011 1.011E-06 0.001 1.752 2.022 | 2.022E-06 0.002 3.50 5.26 1.58
18.02.2009 20.056 1.823 1.823E-06 0.002 3.159 3.746 | 3.746E-06 0.004 6.49 9.65 2.90
19.02.2009 20.056 0.969 9.690E-07 0.001 1.679 3.877 | 3.877E-06 0.004 6.72 8.40 2.52
20.02.2009 20.056 0.990 9.900E-07 0.001 1.716 2.970 | 2.970E-06 0.003 5.15 6.86 2.06
21.02.2009 20.056 0.990 9.900E-07 0.001 1.716 1.970 | 1.970E-06 0.002 3.41 5.13 1.54
31.12.2015 15.223 1.033 1.003E-06 0.001 1.359 2.063 | 2.063E-06 0.002 2,71 4.07 1.22




Table C4: Computation of Suspended Sediment Load with the method specified by Rijn (1984)

Width of River 40 [m]
River Bed slope 0.0012
Median grain diameter, dso 0.002 [m]
Kinematic Viscosity of water 1E-06 [m?/sec]
Manning Roughness value, Kst 35
Density of water, pw 1000 [kg/m3
Density of sediment, ps 2650 [kg/m?!
Acceleration due to gravity, g 9.81 [m?/sec]
Relative density, S 2.65
Geometric Standard Deviation, Og 2.5
Grain Diameter, dgo 0.001 m
1 2 3 4 5 6 7 8 9 10 11 12
. . Mean Chgzy's Bed sh.ear Critical Transport Reference Particle size
Date DlscP;arge Stage Hydra.\ullc velocity coefficient velocity Shear Stage Reference Concentration, | of Suspended
(m3/s) (m) Radius (m/s) relat.ed t’o rela‘ted tol velocity Parameter, level, a Ca sediment, Ds
grain, C grains, u* T
01.01.2009 26.483 | 2.323 2.082 1.977 70.568 0.088 0.053 1.708 0.023 0.001 0.00123
02.01.2009 26.483 | 2.323 2.082 1.977 70.568 0.088 0.053 1.708 0.023 0.001 0.00123
03.01.2009 26.222 | 2.319 2.078 1.974 70.554 0.088 0.053 1.703 0.023 0.001 0.00123
04.01.2009 25.788 | 2.311 2.071 1.970 70.530 0.087 0.053 1.694 0.023 0.001 0.00123
05.01.2009 25.788 2.311 2.071 1.970 70.530 0.087 0.053 1.694 0.023 0.001 0.00123
06.01.2009 25631 | 2.308 2.069 1.969 70.521 0.087 0.053 1.691 0.023 0.001 0.00123
07.01.2009 25.474 | 2.305 2.067 1.967 70.512 0.087 0.053 1.688 0.023 0.001 0.00123




08.01.2009 | 25317 | 2.302 2.064 1.966 70.503 0.087 0.053 1.685 0.023 0.001 0.00123
09.01.2009 | 25.159 | 2.299 2.062 1.964 70.494 0.087 0.053 1.681 0.023 0.001 0.00123
10.01.2009 |  25.002 | 2.296 2.060 1.963 70.485 0.087 0.053 1.678 0.023 0.001 0.00123
11.01.2009 | 24.845 | 2.293 2.057 1.961 70.476 0.087 0.053 1.675 0.023 0.001 0.00123
12.01.2009 | 24.688 | 2.290 2.055 1.960 70.467 0.087 0.053 1.672 0.023 0.001 0.00123
13.01.2009 | 24,531 | 2.287 2.052 1.958 70.457 0.087 0.053 1.668 0.023 0.001 0.00123
14.01.2009 | 24.374 | 2.284 2.050 1.956 70.448 0.087 0.053 1.665 0.023 0.001 0.00123
15.01.2009 | 24.217 | 2.281 2.047 1.955 70.439 0.087 0.053 1.662 0.023 0.001 0.00123
16.01.2009 24.06 | 2.278 2.045 1.953 70.429 0.087 0.053 1.659 0.023 0.001 0.00123
17.01.2009 | 23.903 | 2.275 2.042 1.952 70.420 0.087 0.053 1.655 0.023 0.001 0.00123
18.01.2009 |  23.746 | 2.272 2.040 1.950 70.410 0.087 0.053 1.652 0.023 0.001 0.00123
19.01.2009 | 23.589 | 2.268 2.037 1.949 70.400 0.087 0.053 1.649 0.023 0.001 0.00123
20.01.2009 | 23.432 | 2.265 2.035 1.947 70.391 0.087 0.053 1.645 0.023 0.001 0.00123
21.01.2009 | 23.275| 2.262 2.032 1.945 70.381 0.087 0.053 1.642 0.023 0.001 0.00123
22.01.2009 | 23.118 | 2.259 2.030 1.944 70.371 0.087 0.053 1.638 0.023 0.001 0.00123
23.01.2009 | 22.961 | 2.256 2.027 1.942 70.361 0.086 0.053 1.635 0.023 0.001 0.00123
24.01.2009 | 22.804 | 2.253 2.025 1.940 70.351 0.086 0.053 1.632 0.023 0.001 0.00123
25.01.2009 | 22.646 | 2.249 2.022 1.939 70.341 0.086 0.053 1.628 0.022 0.001 0.00123
26.01.2009 | 22.489 | 2.246 2.019 1.937 70.331 0.086 0.053 1.625 0.022 0.001 0.00123
27.01.2009 | 22.489 | 2.246 2.019 1.937 70.331 0.086 0.053 1.625 0.022 0.001 0.00123
28.01.2009 | 22.489 | 2.246 2.019 1.937 70.331 0.086 0.053 1.625 0.022 0.001 0.00123
29.01.2009 | 22.489 | 2.246 2.019 1.937 70.331 0.086 0.053 1.625 0.022 0.001 0.00123
30.01.2009 | 22.489 | 2.246 2.019 1.937 70.331 0.086 0.053 1.625 0.022 0.001 0.00123
31.01.2009 | 22.489 | 2.246 2.019 1.937 70.331 0.086 0.053 1.625 0.022 0.001 0.00123
01.02.2009 | 22.489 | 2.246 2.019 1.937 70.331 0.086 0.053 1.625 0.022 0.001 0.00123
02.02.2009 | 22.489 | 2.246 2.019 1.937 70.331 0.086 0.053 1.625 0.022 0.001 0.00123
03.02.2009 | 22.489 | 2.246 2.019 1.937 70.331 0.086 0.053 1.625 0.022 0.001 0.00123
04.02.2009 | 22.489 | 2.246 2.019 1.937 70.331 0.086 0.053 1.625 0.022 0.001 0.00123
05.02.2009 | 21.942 | 2.235 2.010 1.931 70.295 0.086 0.053 1.612 0.022 0.001 0.00123
06.02.2009 | 21.864 | 2.233 2.009 1.930 70.290 0.086 0.053 1.611 0.022 0.001 0.00123




07.02.2009 21.864 | 2.233 2.009 1.930 70.290 0.086 0.053 1.611 0.022 0.001 0.00123
08.02.2009 21.634 | 2.228 2.005 1.928 70.275 0.086 0.053 1.605 0.022 0.001 0.00123
09.02.2009 21.25 | 2.220 1.998 1.923 70.249 0.086 0.053 1.596 0.022 0.001 0.00123
10.02.2009 21.25 | 2.220 1.998 1.923 70.249 0.086 0.053 1.596 0.022 0.001 0.00123
11.02.2009 21.25 | 2.220 1.998 1.923 70.249 0.086 0.053 1.596 0.022 0.001 0.00123
12.02.2009 20.723 | 2.208 1.989 1.917 70.212 0.086 0.053 1.584 0.022 0.001 0.00123
13.02.2009 20.648 | 2.207 1.988 1.917 70.207 0.086 0.053 1.582 0.022 0.001 0.00123
14.02.2009 20.648 | 2.207 1.988 1.917 70.207 0.086 0.053 1.582 0.022 0.001 0.00123
15.02.2009 20.648 | 2.207 1.988 1.917 70.207 0.086 0.053 1.582 0.022 0.001 0.00123
16.02.2009 20.13 | 2.195 1.978 1.911 70.170 0.085 0.053 1.570 0.022 0.001 0.00123
17.02.2009 20.056 | 2.194 1.977 1.910 70.164 0.085 0.053 1.568 0.022 0.001 0.00123
18.02.2009 20.056 | 2.194 1.977 1.910 70.164 0.085 0.053 1.568 0.022 0.001 0.00123
19.02.2009 20.056 | 2.194 1.977 1.910 70.164 0.085 0.053 1.568 0.022 0.001 0.00123
20.02.2009 20.056 | 2.194 1.977 1.910 70.164 0.085 0.053 1.568 0.022 0.001 0.00123
21.02.2009 20.056 | 2.194 1.977 1.910 70.164 0.085 0.053 1.568 0.022 0.001 0.00123
22.02.2009 19.548 | 2.182 1.967 1.904 70.127 0.085 0.053 1.555 0.022 0.001 0.00123
23.02.2009 19.475 | 2.180 1.966 1.903 70.121 0.085 0.053 1.553 0.022 0.001 0.00123
24.02.2009 19.475 | 2.180 1.966 1.903 70.121 0.085 0.053 1.553 0.022 0.001 0.00123
25.02.2009 19.475 | 2.180 1.966 1.903 70.121 0.085 0.053 1.553 0.022 0.001 0.00123
26.02.2009 19.475 | 2.180 1.966 1.903 70.121 0.085 0.053 1.553 0.022 0.001 0.00123
27.02.2009 19.262 | 2.175 1.962 1.900 70.105 0.085 0.053 1.548 0.022 0.001 0.00123
28.02.2009 18.906 | 2.167 1.955 1.896 70.078 0.085 0.053 1.539 0.022 0.001 0.00123
31.12.2015 15.223 | 2.072 1.877 1.845 69.761 0.083 0.053 1.435 0.021 0.001 0.001




13 14 15 16 17 18 19 20 21
Settling . . Modified SL'Jspended Total
velocity, Shear Vilouty, B-factor @-factor Suspension suspension F-factor sediment load Suspended Load

W, u number, Z number, Z' traniport (ass), (ton/day)

m?3/sec/m
0.133 0.157 2.450 0.157 0.869 1.026 0.028 0.000 1060.618
0.133 0.157 2.450 0.157 0.869 1.026 0.028 0.000 1060.618
0.133 0.156 2.452 0.157 0.869 1.026 0.028 0.000 1055.082
0.133 0.156 2.457 0.157 0.868 1.025 0.028 0.000 1045.810
0.133 0.156 2.457 0.157 0.868 1.025 0.028 0.000 1045.810
0.133 0.156 2.458 0.157 0.868 1.025 0.028 0.000 1042.434
0.133 0.156 2.460 0.157 0.868 1.025 0.028 0.000 1039.048
0.133 0.156 2.461 0.157 0.868 1.025 0.028 0.000 1035.649
0.133 0.156 2.463 0.157 0.868 1.025 0.028 0.000 1032.218
0.133 0.156 2.464 0.157 0.868 1.025 0.028 0.000 1028.796
0.133 0.156 2.466 0.157 0.868 1.025 0.028 0.000 1025.363
0.133 0.156 2.467 0.157 0.868 1.025 0.028 0.000 1021.918
0.133 0.155 2.469 0.157 0.868 1.025 0.029 0.000 1018.460
0.133 0.155 2471 0.157 0.868 1.024 0.029 0.000 1014.991
0.133 0.155 2.472 0.157 0.868 1.024 0.029 0.000 1011.509
0.133 0.155 2.474 0.157 0.868 1.024 0.029 0.000 1008.015
0.133 0.155 2.475 0.157 0.867 1.024 0.029 0.000 1004.508
0.133 0.155 2.477 0.157 0.867 1.024 0.029 0.000 1000.989
0.133 0.155 2.479 0.157 0.867 1.024 0.029 0.000 997.456




0.133 0.155 2.480 0.157 0.867 1.024 0.029 0.000 993.911
0.133 0.155 2.482 0.156 0.867 1.024 0.029 0.000 990.353
0.133 0.155 2.484 0.156 0.867 1.023 0.029 0.000 986.782
0.133 0.154 2.486 0.156 0.867 1.023 0.029 0.000 983.198
0.133 0.154 2.487 0.156 0.867 1.023 0.029 0.000 979.600
0.133 0.154 2.489 0.156 0.867 1.023 0.029 0.000 975.965
0.133 0.154 2.491 0.156 0.867 1.023 0.029 0.000 972.339
0.133 0.154 2.491 0.156 0.867 1.023 0.029 0.000 972.339
0.133 0.154 2.491 0.156 0.867 1.023 0.029 0.000 972.339
0.133 0.154 2.491 0.156 0.867 1.023 0.029 0.000 972.339
0.133 0.154 2.491 0.156 0.867 1.023 0.029 0.000 972.339
0.133 0.154 2.491 0.156 0.867 1.023 0.029 0.000 972.339
0.133 0.154 2.491 0.156 0.867 1.023 0.029 0.000 972.339
0.133 0.154 2.491 0.156 0.867 1.023 0.029 0.000 972.339
0.133 0.154 2.491 0.156 0.867 1.023 0.029 0.000 972.339
0.133 0.154 2.491 0.156 0.867 1.023 0.029 0.000 972.339
0.133 0.154 2.497 0.156 0.866 1.022 0.029 0.000 959.599
0.133 0.154 2.498 0.156 0.866 1.022 0.029 0.000 957.768
0.133 0.154 2.498 0.156 0.866 1.022 0.029 0.000 957.768
0.133 0.154 2.501 0.156 0.866 1.022 0.029 0.000 952.348
0.133 0.153 2.505 0.156 0.866 1.022 0.029 0.000 943.229
0.133 0.153 2.505 0.156 0.866 1.022 0.029 0.000 943.229
0.133 0.153 2.505 0.156 0.866 1.022 0.029 0.000 943.229
0.133 0.153 2.512 0.156 0.865 1.021 0.029 0.000 930.566
0.133 0.153 2.513 0.156 0.865 1.021 0.029 0.000 928.750
0.133 0.153 2.513 0.156 0.865 1.021 0.029 0.000 928.750
0.133 0.153 2.513 0.156 0.865 1.021 0.029 0.000 928.750
0.133 0.153 2.519 0.156 0.865 1.021 0.029 0.000 916.105
0.133 0.153 2.520 0.156 0.865 1.021 0.029 0.000 914.285
0.133 0.153 2.520 0.156 0.865 1.021 0.029 0.000 914.285
0.133 0.153 2.520 0.156 0.865 1.021 0.029 0.000 914.285




0.133 0.153 2.520 0.156 0.865 1.021 0.029 0.000 914.285
0.133 0.153 2.520 0.156 0.865 1.021 0.029 0.000 914.285
0.133 0.149 2.594 0.154 0.860 1.014 0.029 0.000 786.279




Appendix D.

Table D1: Type curves and their values for computation of NZE

Calculation for Prediction of sediment deposits in the reservoir.

P Type | Type Il Type Il Type IV

0
0.01 996.7 5.568 12.03 0.2023
0.02 277.5 3.758 5.544 0.233
0.05 51.49 2.233 2.057 0.2716
0.1 14.53 1.495 1.013 0.2911
0.15 6.971 1.169 0.6821 0.2932
0.2 4.145 0.9706 0.518 0.2878
0.25 2.766 0.8299 0.4176 0.2781
0.3 1.98 0.7212 0.3486 0.2656
0.35 1.485 0.6323 0.2986 0.2513
0.4 1.149 0.5565 0.2555 0.2355
0.45 0.9076 0.49 0.2212 0.2187
0.5 0.7267 0.4303 0.1917 0.201
0.55 0.586 0.3758 0.1657 0.1826
0.6 0.4732 0.3253 0.1422 0.1637
0.65 0.3805 0.278 0.1207 0.1443
0.7 0.3026 0.2333 0.1008 0.1243
0.75 0.2359 0.1907 0.08204 0.1044
0.8 0.1777 0.15 0.06428 | 0.08397
0.85 0.1262 0.1107 0.04731 0.0633
0.9 0.08011 0.07276 0.03101 | 0.04239
0.95 0.0383 0.0359 0.01527 | 0.02128
0.98 0.01494 0.01425 | 0.006057 | 0.008534
0.99 0.007411 0.007109 | 0.00302 | 0.00247
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Sediment deposit estimation after various time horizons

Catchment Area (A)= 3558 [km2]
Bed level at Dam site= 1850 [m]
F.R.L elevation = 2006 [m]
Average annual sediment
volume (A*r)= 1.779 [McM]
Capacity Trap. Sediment . Revised Accumuated
. . .. . . Sediment . .
Year Capacity inflow Efficiency inflow in trapoed in capacity Sediment
(MCMm) Ratio as per IS 10 years loppears after 10 volume
(/) 12182 (McMm) Y years (MCM)
1to10 | 329.1582 0.126 88% 17.79 15.66 313.50 15.66
10to 20 313.50 0.120 87% 17.79 15.48 298.03 31.13

|
|

|

30 years expected sediment volume= 46.43 MCM
50 years expected sediment volume= 61.55 MCM
70 years expected sediment volume= 76.67 MCM



Reservoir Area =

Flood River Level (FRL) =
Stream bed level =

Depth till bed from FRL, H =

Catch

ment Area (A) =

Sedimentation rate (r ) =
Average Annual Sediment

volume =

Sediment accumulation in 30

years =
PO =

The new zero-capacity

elevation (h0) =

Area Correction Factor =

Computations for NZE corresponding to 30 years expected Sediment volume

6.8192
2006
1850

156
3558
0.5

1.779

46.43
0.37
1908

37.58

[km2]
[m]
[m]
[m]

Jmil.m3]
[mm/year]

[MCM]

[MCM]

[m]

Elevation

1910.0
1907.0
1900.0

Area (ha)

75.1
69.5
56.5

Elevation
1910.0
1907.0
1900.0

Area (ha)
18.1
16.2
11.6

. Capacity, Vh F Relative | For Type Volume Cumulative Capacity
Elevation (m) | Area, A (ha) | Area, A (m2) (mil. m3) value | depth (p) i Ap Area, ha Incr.ement vo.lume Area, ha (mil.m3)
(mil.m3) (mil.m3)

2006 681.920 6819200.000 329.158 1.000 0.000 0.000 0.010 46.132 681.920 283.026

2000 627.980 6279800.000 289.872 0.962 0.008 0.318 0.159 46.123 627.662 243.749

1990 542.000 5420000.000 231.426 0.897 0.076 2.858 0.548 45.964 539.142 185.462

1980 453.970 4539700.000 181.693 0.833 0.215 8.094 1.190 45.417 445.876 136.276
1970 376.580 3765800.000 140.225 0.769 0.418 15.706 2.040 44,227 360.874 95.999
1960 308.020 3080200.000 106.053 0.705 0.668 25.096 3.030 42.186 282.924 63.866
1950 243.470 2434700.000 78.541 0.641 0.945 35.497 4.077 39.157 207.973 39.384
1940 185.700 1857000.000 57.148 0.577 1.225 46.038 5.091 35.080 139.662 22.068
1930 143.540 1435400.000 40.731 0.025 0.513 1.484 55.775 5.975 29.989 87.765 10.742
1920 117.720 1177200.000 27.689 0.102 0.449 1.696 63.723 6.631 24.014 53.997 3.675
1910 75.120 751200.000 18.127 0.242 0.385 1.833 68.888 1.384 17.384 6.232 0.743
1908 69.500 695000.000 16.000 0.281 0.372 1.849 69.500 16.000 16.000 0.000 0.000




1900 56.470 564700.000 11.569 0.396 0.321 1.871 56.470 11.569 11.569 0.000 0.000
1890 40.870 408700.000 6.723 0.623 0.256 1.784 40.870 6.723 6.723 0.000 0.000
1880 27.520 275200.000 3.326 1.004 0.192 1.552 27.520 3.326 3.326 0.000 0.000
1870 14.420 144200.000 1.264 2.008 0.128 1.163 14.420 1.264 1.264 0.000 0.000
1860 6.080 60800.000 0.268 4.867 0.064 0.618 6.080 0.268 0.268 0.000 0.000
1850 0.400 4000.000 0.000 74.410 0.000 0.000 0.400 0.000 0.000 0.000 0.000
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Figure D1: Plot showing F value intersecting with Type I11 curve at Po= 0.37

Relative Depth (p)




Reservoir Area =

Flood River Level (FRL) =
Stream bed level =

Depth till bed from FRL, H =
Catchment Area (A) =
Sedimentation rate (r ) =
Average Annual Sediment
volume =

Sediment accumulation in 50
years =

PO =

The NZE (h0) =

Area Correction Factor =

6.8192

2006
1850
156

3558
0.5

1.779

76.67

0.49
1926
84.52

Area
[km2] Elevation (ha)
[m] 1930.0 143.5
(m] 1926.0 133.2
[m] 1920.0 117.7
Imil.m3]
[mm/year]
[MCM]
[MCM]
[m]

Computations for NZE corresponding to 50 years expected Sediment volume

Elevation
1930.0
1926.0
1920.0

Area

(ha)
40.7
35.5
27.7

. Area, A Capaci?y, Relative For Volume Cumulative Area, | Capacity
Elevation (m) (ha) Area, A(m2) | Vh (mil. F value depth Type lll: | Area, ha Incr.ement vo‘Iume ha (mil.m3)
m3) (p) Ap (mil.m3) (mil.m3)

2006 681.920 | 6819200.000 | 329.158 1.000 0.000 0.000 0.021 77.025 681.920 | 252.133

2000 627.980 | 6279800.000 | 289.872 0.962 0.008 0.715 0.357 77.003 627.27 | 212.869

1990 542.000 | 5420000.000 | 231.426 0.897 0.076 6.427 1.232 76.646 535.57 | 154.780

1980 453.970 | 4539700.000 | 181.693 0.833 0.215 18.204 2.676 75.415 435.77 | 106.278
1970 376.580 | 3765800.000 | 140.225 0.769 0.418 35.325 4.588 72.738 341.26 | 67.487
1960 308.020 | 3080200.000 106.053 0.705 0.668 56.442 6.814 68.150 251.58 37.902
1950 243.470 | 2434700.000 78.541 0.641 0.945 79.835 9.169 61.336 163.635 | 17.205
1940 185.700 | 1857000.000 57.148 0.067 0.577 1.225 103.543 11.449 52.167 82.16 4,981




1930 143.540 | 1435400.000 40.731 0.161 0.513 1.484 125.441 12.158 40.718 18.10 0.013
1926 133.200 | 1332000.000 28.560 0.232 0.487 1.576 133.200 28.560 28.560 0.00 0.000
1920 117.720 | 1177200.000 27.689 0.267 0.449 1.696 117.720 27.689 27.689 0.00 0.000
1910 75.120 751200.000 18.127 0.500 0.385 1.833 75.120 18.127 18.127 0.00 0.000
1900 56.470 564700.000 11.569 0.739 0.321 1.871 56.470 11.569 11.569 0.00 0.000
1890 40.870 408700.000 6.723 1.097 0.256 1.784 40.870 6.723 6.723 0.00 0.000
1880 27.520 275200.000 3.326 1.709 0.192 1.552 27.520 3.326 3.326 0.00 0.000
1870 14.420 144200.000 1.264 3.352 0.128 1.163 14.420 1.264 1.264 0.00 0.000
1860 6.080 60800.000 0.268 8.056 0.064 0.618 6.080 0.268 0.268 0.00 0.000
1850 0.400 4000.000 0.000 122.876 0.000 0.000 0.400 0.000 0.000 0.00 0.000
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Figure D2: Plot showing dimensionless F value intersecting with selected Type I11 curve at p0 = 0.49



Computations for NZE corresponding to 70 years expected Sediment volume

Area Area
Reservoir Area = 6.8192 [km2] Elevation (ha) Elevation (ha)
Flood River Level (FRL) = 2006 [m] 1950.0 243.5 1950.0 78.5
Stream bed level = 1850 [m] 1944.0 208.8 1944.0 65.7
Depth till bed from FRL, H = 156 [m] 1940.0 185.7 1940.0 57.1
Catchment Area (A) = 3558 Imil.m3]
Sedimentation rate (r ) = 0.5 [mm/year]
Average Annual Sediment volume
_ 1.779 [MCM]
Sediment accumulatlo;e!wrzg 106.56 [MCM]
PO = 0.60
1944 [m]
The NZE (h0) =
Area Correction Factor = 187.42
[ onginalpa | [ = Reltve | ComputedsedimentDistribution | Revised |
Capacity, Relative Volume Cumulative .
Elevation (m) Area, A Area,A (m2) V:(miI‘., F value depth For Type Area, ha | Increment volume Area, ha CaPaqty
(ha) m3) o) | AP (mil.m3) | (mil.m3) (mil.m3)
2006 681.920 | 6819200.000 | 329.158 1.000 0.000 0.000 0.048 112.929 681.920 | 216.230
2000 627.980 6279800.000 289.872 0.962 0.008 1.585 0.792 112.881 626.395 | 176.991
1990 542.000 | 5420000.000 | 231.426 0.897 0.076 14.252 2.731 112.089 527.748 | 119.337
1980 453.970 4539700.000 181.693 0.833 0.215 40.370 5.935 109.358 413.600 72.334
1970 376.580 | 3765800.000 | 140.225 0.769 0.418 78.337 10.175 103.423 298.243 | 36.802
1960 308.020 | 3080200.000 | 106.053 0.001 0.705 0.668 125.165 15.110 93.248 182.855 | 12.805
1950 243.470 | 2434700.000 78.541 0.074 0.641 0.945 177.044 18.137 78.137 66.426 0.404
1944 208.800 | 2088000.000 60.000 0.143 0.603 1.114 208.800 60.000 60.000 0.000 0.000
1940 185.700 1857000.000 57.148 0.171 0.577 1.225 185.700 57.148 57.148 0.000 0.000
1930 143.540 | 1435400.000 40.731 0.294 0.513 1.484 143.540 40.731 40.731 0.000 0.000
1920 117.720 1177200.000 27.689 0.429 0.449 1.696 117.720 27.689 27.689 0.000 0.000




1910 75.120 751200.000 18.127 0.755 0.385 1.833 75.120 18.127 18.127 0.000 0.000
1900 56.470 564700.000 11.569 1.078 0.321 1.871 56.470 11.569 11.569 0.000 0.000
1890 40.870 408700.000 6.723 1.566 0.256 1.784 40.870 6.723 6.723 0.000 0.000
1880 27.520 275200.000 3.326 2.405 0.192 1.552 27.520 3.326 3.326 0.000 0.000
1870 14.420 144200.000 1.264 4.681 0.128 1.163 14.420 1.264 1.264 0.000 0.000
1860 6.080 60800.000 0.268 11.207 0.064 0.618 6.080 0.268 0.268 0.000 0.000
1850 0.400 4000.000 0.000 170.773 0.000 0.000 0.400 0.000 0.000 0.000 0.000
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Figure D3: Plot showing dimensionless F value intersecting with selected Type Il curve at pO = 0.60

Note: The revised reservoir capacity and area curve after predicting the sediment distribution for different time horizons are included in the main
document.



