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Sustainable Silt Management in the Lower Kosi River, North
Bihar, India: Demand Assessment, Investment Model and
Socio-Economic Development

S1: Methodology

Detailed planform mapping of the Kosi River between Chatara and Baltara was per-
formed on a decadal basis for the years 1972, 1980, 1992, 2000, 2009, and 2016. The post
monsoon satellite data used for this process are shown in Table Sla at a scale of 1:50,000
and all in-channel bars were8 mapped. The morphological units were extracted from the
satellite images in a GIS framework and classified based on their location and origin, such
as (a) mid-channel bars, occurring in the center of the channel, (b) lateral bars or side bars
along the channel, and (c) point bars formed11 on the concave bends, (d) alluvial islands
formed by aggregation and stabilization of some of thel2 midchannel bars. To observe
and quantify the subtle morphological changes in the river planform, the stretch of Kosi
River between Chatara and Baltara was divided into 37 reaches of ~5 km length (Figure
3). Further, bar area (BA) which defines the depositional areas and channel area (CA), de-
fine the flow were measured within the channel belt (CB). The ratio BA/CA was used as
an index to map aggradational hotspots in each reach normalized for channel area (Figure
4a). Based on the statistical distribution of the reach-wise BA/Ca, we have identified five
classes of aggradation values using Jenks natural breaks classification method, (Jenks and
Caspall 1971; Coulson 1987) (Figure 4c). To estimate the first-order sediment thickness
and rate of deposition in the Kosi main channel for the post-embankment period, a short-
term sediment budget was calculated from sediment data collected from stream gauging
stations, i.e., from Chatara, Birpur, and Baltara for different water years were already dis-
cussed in the (Sinha et al. 2019). The estimated cumulative vertical thickness calculated on
the channel belt area of deposition was derived from geomorphic maps. It is important to
note that sediment volume estimation based on sediment load data between a pair of gaug-
ing stations as discussed above refer to long stretches along the river. In practice,
river exhibit significant spatial variations in pattern and amount of sediment
accumulation. The estimation of precise volume in each reach is not possible without
close interval cross-sections of the river. Therefore, an integration of planform maps de-
rived from repetitive satellite images and hydrological data can provide a first-order as-
sessment of hotspots siltation in a long stretch of the river. Therefore, a first-order estima-
tion the volume of sediments accumulated within the channel belt was calculated for each
mapping year using sediment budgeting method. It was based on the bar area and an
average height of sediments accumulated in the reaches of Chatara—Birpur and Birpur—
Baltara.

Table S1. Data used for geomorphic mapping and planform dynamics.

Data type Month/Year of Ground Resolution/ Scale
Satellites Path/Row Acquisition

bands 1-7 and 9: 30 meters, band 8: 15 me-

141/041 2016/1/26.

Landsat 8 ters,
141/042 2016/1/3
/ 1 band 10, 11: 100 meters but resampled to

30 meters
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Landsat 5 ™ 141/041 2009/12/02 bands 1-5 and 7: 30 meters, band 6: 120 me-
141/042 ters
141/041 2000/12/1 and bands 1-5 and 7: 30 meters, band 6: 60
L 7 ET
andsat M 141/042 2000/12/30 meters, band 8: 15-meters
140/41 1992/11/17 and bands 1-5 and 7: 30 meters, band 6: 120
Landsat 5 ™
140/42 1992/11/01 meters
bands 1-5 and 7: 30 meters, band 6: 120
Landsat 3 MSS 150/042 1980/01/18
meters
Landsat 1 MSS 150/042 1972/11/07 bands 4 - 7: 60 meters

Table S2. Potential solutions for silt management 41.

Sr No Potential Solutions Description

1 Fencing

A) Geotextile Silt Walls Silt walls/fence are used on river embankments to protect the embankments
from erosion, damage, and destruction.

2 Agricultural Purposes

A) Cultivation Silty soil is usually more fertile than other types of soil; hence, it is good for
growing crops. Silt promotes water retention and silty soil can be used as a
replacement for loamy soil.

B) Agricultural Use The fine dredged material is used to supply organic content and nutrients to
deficient soils to increase productivity. The fine materials also help to hold
water and promote the retention of soil moisture needed by the crops.

O Produce Topsoil Topsoil can be used to improve drainage in areas of a lawn or garden that
floods.

3 Landscape

A) Gardening Silty soil typically contains a lot of nutrients because it comes from river
sediments. This is a good and common soil for gardening.

B) Landscape Material The fine dredged material can be used as a replacement of eroded topsoil,
for which there is a high demand. It can further be added with organic wastes
(such as dead leaves, dead wooden logs etc.) and bio-solids (such as animal
manure or sewage sludge) and composted to more organic rich soil.

4 Reclamation

A) Land Reclamation Dredged material can be used to reclaim the land disturbed and/or
contaminated by industrial activities to a more natural condition/
minimizing the contaminants migration.

B) Mine Reclamation The silt material from dredging can be reused during mine reclamation to
build up the land and make it suitable for vegetation growth.

5 Embankment
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A) Usage of Silt for building / | Silt can be used as a fill material for building embankments. Also, damage to
Repair of Embankments | the embankment happens very frequently. To protect the embankment, it is
suggested to deposit this silt on two sides of the embankment.

B) Constructing roads on | Silt can be utilized in constructing roads on embankment, thereby,

Embankments improving transport and connectivity of the city/state.

6 Backfilling

A) Road Construction Sand/silt of the river can be used as fill material for constructing new roads,
widening the road or increasing the height of the road. It can also be used in
making paving blocks.

B) Land Filling Landfills require liners during construction, cover material during use, and
caps when they are finally closed. Small particles, such as silt and clay, are
ideal for low-permeability applications.

O Fill Material It can be used primarily as a backfill material in large infrastructure projects,
creation of habitat islands, building base for railway tracks, etc. where
potential subsidence of backfill creates problems.

D) Raising level of Houses The silt can be utilized to raise the level of houses in villages living inside the
embankment.

7 Industrial Activities

A) In ceramic Industry Ceramic products like paving blocks, wall tiles, etc. can be made up with Kosi
silt.

B) Bricks & Compressed | Dredged material can be substituted as a raw material for manufacturing

Blocks fired bricks for use in construction of buildings and other structures.
O Manufacturing of cement | Dredged sediments can also be used as replacement of raw material for
manufacturing Portland cement
Table S3. Reach-wise calculation of bar area (BA), channel area (CA) and channel belt area (CB) of
Kosi River from Chatara to Baltara during 1972-2016 in Lower Kosi basin.
1972 1980 1992 2000 2009 2016 1972-2016

Reach Avg  Avg
ID CA BA CB CA BA CB CA BA CB CA BA CB CA BA (CB CA BA CB CA BA
WINDOW-I

1 417 1704 2121 452 13.65 1817 248 1047 1295 369 639 10.09 332 562 894 338 615 952 359 9.89
2 508 2357 28.66 577 1998 2575 375 1332 17.07 474 849 1322 321 1114 1435 382 11.25 15.07 4.39 14.62
3 722 2024 2746 626 1691 2317 514 9.07 1421 633 1028 16.61 6.72 959 1631 558 1052 16.10 6.21 12.77

105
4 8.04 1887 2691 894 1433 2326 474 477 951 637 906 1542 6 1215 2272 676 1280 1956 7.57 12.00
5 850 2330 3180 6.76 20.67 2744 470 545 1015 3.88 9.15 13.03 503 10.99 16.02 6.53 1351 20.04 5.90 13.84
6 790 1388 21.78 501 11.82 16.84 425 853 1278 358 1130 14.88 486 1213 1699 749 1436 21.85 551 12.00
7 562 1354 19.16 391 1143 1534 540 789 1329 527 1137 16.63 550 1185 1734 730 1643 2373 550 12.08
8 821 13.07 21.28 485 9.00 13.85 800 705 1505 566 11.07 1673 634 921 1556 584 1028 16.12 6.48 9.95
9 640 1564 22.04 456 2349 28.05 636 2678 3314 438 2945 3382 386 30.14 34.00 7.03 2949 36.51 543 25.83
10 9.99 2510 35.09 448 3202 36.51 627 3112 3739 580 33.88 39.68 4.60 3190 3649 7.87 30.27 38.14 6.50 30.71
11 771 2639 3410 537 2950 34.87 597 3345 3942 555 2767 3322 350 2734 3084 678 2401 30.79 581 28.06
12 698 2539 3237 3.61 2944 33.05 6.62 2547 3209 7.06 2671 33.77 583 2449 3031 585 2472 30.57 5.99 26.04
13 783 2439 3222 436 29.13 3349 6.03 2778 3381 7.89 2671 3460 6.88 27.02 33.90 7.62 26.17 3379 6.77  26.87
11.7

14 673 3128 38.01 286 3557 3842 581 2533 31.14 711 3428 4138 698 3261 39.59 2 32.79 4451 687 3198
15 762 3676 4438 334 3759 40.93 498 2767 3266 644 3494 4138 701 2955 36.56 559 29.84 3543 b5.83 32.72
16 545 4282 4826 336 36.03 3939 648 21.93 2840 7.06 3057 37.63 7.11 30.64 37.75 590 32.84 38.74 5.89 32.47
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17 539 2555 30.95 330 29.23 3253 4.89 1738 2227 744 1854 2598 482 2595 30.77 6.86 23.77 30.63 545 23.40
18 645 2190 2834 282 2893 3175 496 1474 1969 526 2164 2691 421 21.82 2603 592 1899 2491 494 21.34
19 6.84 3197 3881 4.61 2765 3226 594 924 1519 634 2456 30.89 536 20.88 2625 4.92 2773 32.65 5.67 23.67
20 576 1784 23.60 403 21.19 2522 511 20.05 2516 481 2358 2839 516 19.89 25.04 515 13.54 18.68 5.00 19.35
21 424 767 1191 206 2247 2454 558 13.89 1947 475 16.68 2144 364 850 1214 437 781 1218 411 12.84
22 414 595 10.09 2.82 18.65 2147 463 16.75 2137 420 1743 21.63 288 447 735 429 973 1402 3.83 12.16
23 551 1323 1874 2.60 1811 20.72 378 222 600 353 901 1253 315 1037 1352 5.03 587 10.90 3.93 9.80
24 320 502 822 144 777 921 266 136 403 384 465 849 255 784 1039 382 760 1141 292 5.70
25 226 1.88 414 118 392 510 232 1.09 340 338 246 584 212 472 684 350 549 9.00 246 3.26
26 238 120 359 149 275 425 274 114 387 285 260 545 235 353 588 343 277 621 254 2.33
27 460 1172 1632 146 150 295 284 059 343 344 197 541 199 268 467 280 291 571 285 3.56
28 261 728 989 170 058 229 219 124 343 226 089 315 145 120 265 268 055 323 215 1.96
29 198 054 252 210 275 485 345 283 628 342 482 824 184 167 351 308 247 555 2.64 2.51
30 316 344 660 245 314 560 215 290 505 282 170 452 161 119 280 316 079 395 256 2.19
31 280 197 477 347 345 692 234 170 403 194 008 202 152 173 325 355 373 729 260 211
32 252 225 476 223 138 361 125 114 239 333 494 827 228 247 475 270 247 517 238 2.44
33 254 226 479 135 314 449 198 086 284 253 159 412 177 134 311 330 225 555 225 1.90
34 318 336 654 131 160 290 232 069 300 261 197 458 113 160 273 285 348 633 223 211
35 210 071 280 118 135 253 176 017 192 225 161 386 135 240 375 294 227 521 193 142
36 295 044 339 202 18 388 319 056 375 397 063 460 279 143 422 349 1.07 456 3.07 1.00
37 471 128 599 365 403 767 697 264 961 532 338 870 456 056 512 247 166 413 461 2.26
50.6 113.1 324 1084 46.5 51.6 1114 353 53.1 108.2
Total 4 6251 5 6 7597 4 6 37.87 8443 7 59.73 0 3 4919 8452 0 5510 0
Table S4. Reach-wise silt volume computed from the bar area of the Kosi River (in last 54 years).
Reach 1972 1980 1992 2000 2009 2016 Average | Zone
ea
(100 m3) (10°m3) [ (10°md) | (106m3) | (10°m3) [ (10°m3) | (106 md)
1 49 39 30 18 16 18 28 I
2 68 57 38 24 32 32 42 v
3 58 49 26 27 27 30 37 I
4 54 41 14 26 35 37 35 oI
5 67 59 16 26 32 39 40 oI
6 40 34 25 32 35 41 35 I
7 39 33 23 33 34 47 35 I
8 38 26 29 32 26 30 29 I
9 33 50 57 63 64 63 55 \Y%
10 53 68 66 72 68 64 65 \Y%
11 56 63 71 59 58 51 60 \Y%
12 54 63 54 57 52 53 55 1\Y%
13 52 62 59 57 58 58 57 v
14 67 76 54 73 69 70 68 \Y%
15 78 80 59 74 63 63 70 \Y%
16 91 77 47 65 65 70 70 A%
17 54 62 37 39 55 51 50 v
18 47 62 31 46 46 40 45 v
19 68 59 20 52 44 59 50 v
20 38 45 43 50 42 29 41 v
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21 16 48 30 36 18 17 27 v
2 13 40 36 37 10 21 26 I
23 28 39 5 19 2 13 21 Il
24 11 17 3 10 17 16 12 1
25 4 8 2 5 10 12 7 I
26 6 2 6 8 6 5 I
27 25 3 1 4 6 6 8 Il
28 16 1 3 3 1 4 I
29 1 6 6 10 4 5 5 I
30 7 7 6 4 3 2 5 I
31 4 7 4 0.17 4 8 5 I
32 5 3 2 11 5 5 5 I
33 5 7 2 3 3 5 4 I
34 7 3 1 4 3 7 5 I
35 2 3 0.37 3 5 5 3 I
36 1 4 1 1 3 2 2 I
37 3 9 6 7 1 4 5 I
Chatara
—Birpur 412 338 191 21 237 274 279
(1-8)
Birpur—Baltara | ¢ ) 976 709 871 809 803 835
(9-37)
Total (in last 54
sears) 1254 1314 900 1092 1046 1077 1114

Annual silt volume (approx.)

Chatara—Birpur (1-8): 5.16 x 106 m?
Birpur—Baltara (9-37): 15.46 x 105 m3
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