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BACKGROUND

Sediment yield and high runoff generation from the hilly terrain of Guwahati City is one of
the important factors responsible for urban flooding of Guwahati City. For efficient and
adequate design of Drain, Silt Trap and EMPs (Ecological Management Practices) for water
and sediment management a reliable estimate of water and sediment loss from the hilly
terrain is essential.

Prof. A.K.Sarma of IIT Guwahati, in one of his earlier research project during 2002-2004,
estimated sediment and water yield from different watersheds (105 watersheds). However,
while delineating those watersheds, both plains and hilly area were done as a whole. Another
project carried out in 2008-2013 showed that landuse pattern has undergone significant
changes during this period and as such the sediment and water yield is also expected to
increase significantly. Also, for flood management of the Guwahati City, it is more important
to know the sediment yield and water yield at the foot hill of all the hilly watersheds.
Therefore, re-estimation of the sediment and water yield from the hill at the foothill is
therefore necessary to adopt management practices.

Considering the above needs, Assam State Disaster Management Authority requested Prof.
A.K.Sarma of IIT Guwahati to evaluate water and sediment yield from the hills of Guwabhati
City for the present landuse situation. Accordingly the project was registered at 1T Guwahati
on Dec 2016 with Prof. Arup Kr. Sarma as Principal Consultant.
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1 INTRODUCTION

1.1 INTRODUCTION

Sediment yield and high runoff generation from the hilly terrain of Guwahati City is
one of the important factors responsible for urban flooding of Guwahati City. For
efficient and adequate design of Drain, Silt Trap and EMPs (Ecological Management
Practices) for water and sediment management, a reliable estimate of water and
sediment loss from the hilly terrain is essential. In this study finer delineation of the
hilly watershed is carried out to enable better management and a total of 612
watersheds have been delineated.

Sediment and water yield from the watershed depend on the rainfall characteristic,
soil type, terrain slope and land-use/land-cover condition of the watershed. For
Indian condition, availability of data is always a problem and therefore, selection of a
method for estimating these quantities is another important aspect.

Considering availability of data Rational Method, which is widely used for computing
peak runoff from a small watershed, has been used to compute the runoff from
different hills. For estimation of sediment loss RUSLE method is applied, as
sediment management is generally taken up on yearly basis and not on event to
event basis.

1.2 PURPOSE OF THE STUDY

Prime objective of the study is to estimate the sediment and water yield from the hilly
watersheds of Guwahati City to help adopting management measure.

Management measures include, sizing of outlet drains, sediment control measures to
arrest sediment at the source as well as in the valley in contour trench or other
appropriate silt trap.

Earlier study carried out by the Principal Consultant of this project showed that with
control of sediment and water yield from the hilly catchments, it is possible to
mitigate the flood problem of Guwahati City, which is aggravating day by day due to
blockage of drain by sediment and increase of runoff from the denuded hilly terrain.

1.3 METOD OF INVESTIGATION
The study has been carried out in the following phases:

a) Delineation of Watersheds of the Hills of Guwahati City was taken up as the
first step. For this purpose 30m resolution Digital Elevation Model (DEM) has
been used. Considering objectives of this study, micro level delineation of the
hilly watersheds of Guwahati City has been carried out so that maximum
possible sediment and water yield at the foothill can be ascertained.

b) To have idea about the present situation, satellite data of 2011 and 2015 has
been used for developing Landuse/land-cover map for the hills of Guwahati.
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This data set has been used to prepare the land-use input for computing both
sediment and water yield using mathematical model. Although the situation
analysis in future time period is not within the scope of this project,
considering academic interest, a probable future value of runoff coefficient at
2025 has also been computed considering business as it is condition.

Estimation of yearly sediment yield at the outlet of each of these watersheds
is carried out using Revised Universal Soil Loss Equation (RUSLE) model.
Estimation of peak discharge for different return period at outlet of each of
these watersheds has been computed using Rational Method for the year
2011 and 2015.
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2. RUNOFF CALCULATION
2.1 HILLS OF GUWAHATI

There are total 15 numbers of hills in Guwabhati city under GMC area. The name of the hills
are - 1. University (2.10 sq. km) 2. Fatasil (15.91 sq. km) 3. Kalapahar (1.98 sq. km) 4.
Sonaighuli (0.36 sq. km) 5. Sarania (0.34 sg. km) 6. Kharguli (6.54 sq. km) 7. Japorigog
(9.65 sg. km) 8. Burha-gosain (2.01 sg. km) 9. Khanapara (6.63 sq. km) 10. Garbhanga (0.95
sg. km) 11. Kamakhya (3.05 sg. km) 12. Kahilipara (6.62 sg. km) 13. Betkuchi (0.24 sg. km)
14. Chunsali (8.93 sq km) 15. Koinadhara (2.22 sq km). Areas of the hills are shown within
brackets. Out of these hills, Burha-gosain, Khanapara, Koinadhara and Garbhanga hills partly
lie in the study area. Location of these hills are shown in Fig.1.
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Fig. 1: Locations of hills in Guwahati city
2.2 COMPUTATION OF PEAK DISCHARGE

Rational method which is one of the most widely used methods, has been applied to
determine the peak runoff generated from the watersheds of hills of Guwahati city on peak
runoff generation it has been decided to use the rational method. The empirical formula used
in this method is:

Q=CiA

Where, Q is the peak runoff which is to be determined, C is the Runoff coefficient
(dimensionless) indicating the ratio of surface runoff generated from a watershed due to
the occurrence of a rainfall event, i is the rainfall intensity and A is the area of the
watershed.
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2.2.1 Watershed delineation

Watershed delineation of the hills has been carried out in ArcSWAT interface of the SWAT
model. Watersheds of Khanapara (Hill ID: 9) and Koinadhara (Hill 1D: 15) hills are
delineated jointly as some watersheds of these two hills are common. Delineated watersheds
with watershed ID for every hill are shown below:

: Watershed with ID
: Watershed outlet

| |
o - Hill

ID
——: Longest flow path

Fig. 2: Watersheds of University Hill




o | Watershed with ID

® : Watershed outlet
— : Longest flow path
= Hill

[ : Watershed with
area >200 acre

: Watershed with 1D

) _ ® : Watershed outlet
Fig. 4: Watersheds of Kalapahar Hill - Longest flow path
- Hill
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: Watershed with ID
m : Watershed outlet
< Longest flow path

am IIJHI’_]l_url

| o |: watershea with 1D
m : Watershed outlet
— : Longest flow path
. Hill

Fig. 6: Watersheds of Sarania Hill
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' : Watershed with 1D

m : Watershed outlet
— : Longest flow path
M Hill

[]: Watershed with
area >200 acre

Fig. 8: Watersheds of Japorigog Hill

| ID | > Watershed with 1D
m : Watershed outlet
— : Longest flow path

. Hill lying under
-GMCA ying

[ 1. Watershed with
area >200 acre

Fig. 9: Watersheds of Burhagosain Hill
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o | Watershed with ID

® : Watershed outlet
— @ Longest flow path

m : Hill lying under
GMCA

[ ] : Watershed with area
>200 acre

Fig. 10: Watersheds of Khanapara and Koinadhara hill

: Watershed with ID

m : Watershed outlet
. Longest flow path
: Hill

: Watershed with
>200 acre

Fig. 11: Watersheds of Garbhanga Hill
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: Watershed with ID

m : Watershed outlet

— : Longest flow path
. Hill
[]: Watershed with
area >200 acre

: Watershed with 1D

® : Watershed outlet
— : Longest Flow path

Fig. 14: Watersheds of Betkuchi Hill| 1 - Hill
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: Watershed with 1D

m : Watershed outlet

—: Longest flow path

m : Hill

[]: Watershed with
area >200 acre

Fig. 15: Watersheds of Chunsali Hill

2.2.2 Calculation of peak discharge

To calculate time of concentration for the watersheds Williams’s equation (1992) has been

used. It is given by-

T¢ (minute) = 0.057948 LA %S, 02

where L. is length of the longest flow channel (L¢) in m, A is area of watershed in m? and S,
is slope of the longest flow channel in (m/m). To determine the maximum average rainfall
intensity that may persist for duration equal to the time of concentration IDF curves are
generated for Guwahati city as shown in Fig. 16. Runoff coefficient values for different types
of LULC are shown in Table 1. LULC maps of watersheds of hills of Guwahati city for the
year 2015 are shown in Fig. 17.

Table 1: Runoff coefficient values for different surface covers (Sarma, 2011)

LULC Runoff coefficient
C

Bare soil 0.5

Forest 0.3

Scrub land 0.3

Marshy land 0

Water bodies 0

Urban settlement 0.74
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Fig. 16: IDF curves of Guwahati city.
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Fig. 17: LULC maps watersheds of hills of Guwahati city
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As rational method is not directly applicable the watersheds having size greater than 200
acre, peak runoff for these watersheds are calculated with the help of junction analysis of
modified rational method (San Diego County, 2003). Peak runoff calculation for all the
watersheds of hills of Guwahati city is carried for the years 2011 and 2015 for the return

periods 100, 50 and 25 years. These are shown in following tables.

Table 2: Peak runoff values from watersheds of University hill.

Watershed
area (sq m) Rainfall intensity

Composite C for the (x10° m/s) for | Peak Q (m%s)in | Peak Q (m%/s)in

year RP 2011 for RP 2015 for RP

Basi- 100 |50 |25 |100 |50 |25 100 | 50 | 25

nliID 2011 | 2015 | 2025 | yr yr yr yr yr yr yr yr yr
706366.91

1 032 032 | 034|212 192|171 |4.75|430 384|482 |4.36|3.89
77613.13

2 034 | 0.34| 035|384 |347|3.10|1.03|0.93|0.83|1.03|0.93]|0.83
215398.30

3 031 0.31| 0.38|3.04 275|245 |204|185|165|205|1.85| 1.66
12208.81

4 0.36 | 0.36 | 0.40 | 7.56 | 6.83 | 6.10 | 0.33 | 0.30 | 0.27 | 0.33 | 0.30 | 0.27
17441.17

5 039 | 040 | 0.40|4.87 | 440|393 |0.34|0.30|0.27|0.34|031]|0.27
16569.11

6 039 | 039 | 042|810 |7.31|653|052|047 042|052 |047|0.42
23545.56

7 038 0.39 | 0.39 |4.24|383|342|0.38|0.34|031|0.39|0.35]|0.32
36626.43

8 0.33 | 0.33| 042|510 |4.61|4.12|0.61| 055|050 |0.62 | 0.56 | 0.50
19185.29

9 0.38 | 0.38| 0.40|4.99 | 450 | 4.02 | 0.37 | 0.33 |0.30 | 0.37 | 0.33 | 0.30
26161.73

10 044 | 045| 0.45|6.13 | 554|495 |0.71|0.64 | 0.57 | 0.73 | 0.66 | 0.59
380217.22

11 024 | 024 | 0.26 | 2.93 | 2.64 | 2.36 | 2.69 | 2.43 | 2.17 | 2.70 | 2.44 | 2.18
12208.81

12 042 | 043 | 042 |6.96 | 6.29 | 5.62 | 0.36 | 0.32 | 0.29 | 0.37 | 0.33 | 0.30
331382.01

13 023 | 024 | 0.27 | 3.22 | 291|260 | 244 | 220 | 1.97 | 255 | 2.31 | 2.06
84589.62

14 051 | 051 | 052|478 |432|3.86|207| 187|167 |208|1.88 | 1.68
64532.29

15 031 | 0.32| 0.38|5.04 | 456 | 4.07 | 1.01 | 0.91 | 0.82 | 1.06 | 0.95 | 0.85
20929.40

16 044 | 047 | 050|491 | 443|396 | 046|041 |0.37|0.48 | 043 |0.39
10464.69

17 029 | 030 | 0.32|6.77 | 6.12 | 5.46 | 0.20 | 0.18 | 0.16 | 0.21 | 0.19 | 0.17
9592.63

18 029 | 0.31| 0.33|7.08|6.40|5.72|0.20|0.18 |0.16 | 0.21 | 0.19 | 0.17
15697.05

19 024 | 0.25| 0.29 | 6.23 | 5.62 | 5.02 | 0.24 | 0.21 | 0.19 | 0.24 | 0.22 | 0.19
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34882.32

20 0.25| 0.27 | 0.27 | 6.40 | 5.78 | 5.17 | 0.55 | 0.50 | 0.44 | 0.60 | 0.54 | 0.48
39242.61

21 043 | 043 | 043|473 |427|381|0.79|0.71|0.64|0.80|0.73 | 0.65
9592.64

22 040 | 045| 0.44 | 781 | 7.06 | 6.30 | 0.30 | 0.27 | 0.24 | 0.34 | 0.31 | 0.27
110751.36

23 046 | 046 | 0.46 | 4.36 | 3.94 | 3.52 | 2.21 | 2.00 | 1.78 | 2.21 | 2.00 | 1.78
34010.26

24 023 | 024 | 0.26 | 7.34 | 6.64 | 5.93 | 0.58 | 0.52 | 0.47 | 0.59 | 0.53 | 0.48
57555.84

25 029 | 030 | 0.30 | 540|488 |4.36|089|081|072|092|083]|0.74
112495.45

26 031 032| 0.32|5.03 |454|4.06 175|159 142|179 162|145
27905.86

27 038 | 040 | 0.41 | 552|499 | 445|059 | 053|047 |0.61|055]0.49
134296.93

28 030 | 030 | 033|358 (324|289 |145|131 (117|146 |132|1.18
31394.09

29 044 | 049 | 049 | 525|474 |4.24)|0.73 | 0.66 | 0.59 | 0.80 | 0.72 | 0.65
47963.19

30 029 029 | 030|577 | 521 |4.65|081|0.73|0.65|0.81|0.73 | 0.65
7848.51

31 040 | 041 | 044 |6.24 | 5.64 | 5.04 | 0.20 | 0.18 | 0.16 | 0.20 | 0.18 | 0.16
12208.83

32 037 | 039 | 0.38 | 558 | 504|450 |025|0.23|0.20]|0.27|024|0.22
11336.74

33 0.34| 0.35| 0.34|5.63 508|454 |022|0.20|0.18 | 0.22 | 0.20 | 0.18
41858.77

34 042 | 043 | 044|518 | 468|418 |0.91|0.82|0.74 | 094 | 0.85 | 0.76
57555.83

35 036 | 036 | 037|495 |4.47|4.00| 102|092 |0.82|1.03|0.93|0.83
174411.57

36 036 | 036 | 037 |4.49|4.05|362|282|255|228|282|255]2.28
107263.13

37 033 | 0.34| 034|445 (402|359 158|143 (128|161 146|130
81973.42

38 024 | 024 | 024 | 472 | 426 |3.81 093|084 075|093 |0.84|0.75
41858.77

39 035| 036 | 037|492 |445|397|0.73|0.66 | 0.59 | 0.74 | 0.67 | 0.59
125576.34

40 040 | 040 | 0.41|4.09|3.69|330|208|1.88|1.67|2.08|1.88 | 1.68
82845.50

41 025| 025| 025|532 |481|429|1.08 | 098|087 |1.09|0.98|0.88
298243.80

42 027 | 028 | 0.29 | 3.13 | 2.83 | 253 | 257 | 232 | 2.07 | 2.60 | 2.35 | 2.10
47963.20

43 0.26 | 0.26 | 0.26 | 5.05 | 4.57 | 4.08 | 0.64 | 0.57 | 0.51 | 0.64 | 0.57 | 0.51
11336.75

44 0.28 | 0.28 | 0.28 | 5.86 | 530 |4.73|0.18 | 0.17 | 0.15| 0.18 | 0.17 | 0.15
55811.68

45 020 | 0.20 | 0.20 | 4.47 | 404 | 3.60 | 0.49 | 0.44 | 0.39 | 0.49 | 0.44 | 0.39
115983.71

46 031 031| 031|356 321|287 |127|115|103|1.27|115]1.03
147377.82

47 0.15| 0.15| 0.15| 3.30 | 298 | 2.67 | 0.71 | 0.64 | 0.58 | 0.73 | 0.66 | 0.59

Table 2: Peak runoff values from watersheds of Fatasil hill.
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Watershed
area (sq m) Composite C for Rainfall intensity Peak Q (m3/s) in Peak Q (m3/s) in
Bas- the year (x10°° m/s) for RP 2011 for RP 2015 for RP
in 100 50 |25 100 100
ID 2011 | 2015 | 2025 | yr yr yr yr 50yr | 25yr | yr 50yr | 25yr
327021.72
1 0.44 | 0.44 | 0.48 3.77 | 3.41 | 3.04 5.40 483 | 4.35 5.47 494 | 441
13080.87
2 0.47 | 047 | 0.61 8.49 | 7.67 | 6.85 0.52 0.47 0.42 0.52 0.47 0.42
10464.68
3 0.64 | 0.64 | 0.64 7.57 | 6.84 | 6.11 0.51 0.46 0.41 0.51 0.46 0.41
63660.23
4 042 | 042 | 048 | 536|484 | 432 | 143 | 129 | 116 | 143 | 129 | 1.16
20057.32
5 0.47 | 049 | 054 | 652|589 526 | 061| 055| 049 | 064 | 058 | 0.52
16569.10
6 060 | 060 | 060 | 591|534 |477| 059 | 053 | 047 | 059 | 053 | 0.47
13952.93
7 069 | 071 | 069 | 779|703 |628| 075| 068| 061 | 077 | 0.70 | 0.62
305220.26
8 0.47 | 0.47 | 0.50 3.77 | 3.41 | 3.04 5.39 4.87 4.35 5.40 488 | 4.36
42730.84
9 039 | 039 | 042 | 568|513 |458| 095| 08| 077 | 095| 086 | 0.77
13080.87
10 052 | 052 | 0551040939 (839| 071| 064| 057 | 071 | 064 | 057
294755.55
11 0.57 | 0.57 | 0.58 273 |1 247 | 2.20 4.56 4.12 3.68 4.56 4.12 3.68
35754.39
12 063 | 064 | 064 | 619|560 |500| 140 | 126 | 113 | 141 | 1.27| 1.13
13952.93
13 0.45 | 050 | 0.51 8.89 | 8.03 | 7.18 0.56 0.51 0.46 0.61 0.56 0.50
18313.20
14 0.46 | 053 | 0563 | 7.74 | 699 | 624 | 066 | 059 | 053 | 0.75| 0.68 | 0.60
881650.52
15 0.44 | 0.44 | 0.46 197 | 1.78 | 1.59 | 1352 | 12.21 | 10.91 | 13.65 | 12.33 | 11.01
426436.31
16 041 | 041 | 0.45 3.04 | 275 | 2.46 5.26 475 4.24 5.31 480 | 4.29
68892.60
17 054 | 054 | 054 | 431|390 | 348 1.60 1.44 1.29 1.60 144 1.29
171795.41
18 0.38 | 0.38 | 0.46 3.27 | 295 | 2.64 2.15 1.94 1.74 2.15 1.94 1.74
404634.83
19 0.40 | 0.40 | 0.42 2.80 | 2.53 | 2.26 4.49 4.06 3.62 4.58 4.13 3.69
1016819.51
20 0.47 | 0.48 | 0.53 242 | 218 | 1.95 | 1745 | 15.76 | 14.08 | 17.64 | 15.94 | 14.24
143889.55
21 044 | 044 | 045 | 495|448 | 4.00 3.12 2.82 2.52 3.16 2.85 2.55
571197.92
22 035 | 036 | 042 2131192 | 1.72 4.25 3.84 3.43 4.36 3.94 3.51
569453.82
23 040 | 041 | 042 3.04 | 275 | 2.46 6.91 6.25 5.58 7.04 6.36 5.68
585150.83
24 0.37 | 037 | 043 2.65 | 239 | 2.13 5.66 5.11 4.57 5.70 5.15 | 4.60
182260.12
25 033 033 | 043 | 365|330 (29| 220| 198 | 177 | 220 | 199 | 1.78
710727.18
26 031 | 0.32 | 0.36 219|198 | 1.77 4.88 4.41 3.94 4.93 4.45 3.98
52323.47
27 0.65 | 0.65 | 0.67 5.94 | 537 | 4.80 2.01 1.82 1.62 2.03 1.83 1.64
53195.53
28 039 | 040 | 050 | 480|434 |38 | 099 | 089| 080 | 1.02| 092 | 0.82
200573.33
29 038 | 039 | 044 | 367 |332[29 | 283 | 256 | 228 | 291 | 263 | 235
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47091.12

30 048 | 048 | 049 | 478 | 432|386 | 109| 098 | 088 | 109 | 098 | 0.88
68020.52

31 038 | 039 | 049 | 426|384 |343| 109| 098 | 088 | 113 | 102 | 0091
40986.72

32 053 | 053 | 053 | 425|384 |343| 092 | 083 | 074| 092 | 083 | 0.74
718575.74

33 033 | 035 | 035 | 210|190 |170| 499 | 450 | 402 | 530 | 479 | 4.28
221502.68

34 030 | 030 | 050 | 357|323 |288| 238 | 215| 192 | 239 | 216 | 193
291267.34

35 042 | 042 | 051 | 300 | 271|242 | 365| 330 | 295| 365 | 330 | 295
693286.01

36 035| 036 | 038 | 225|204 |182| 541 | 489 | 437 | 555| 501 | 4.48
80229.34

37 041 | 044 | 044 | 428 386|345 | 142 128 | 115| 151 | 137 | 122
110751.33

38 036 | 0.36 | 040 | 398|359 |321| 157 | 142 | 126| 160 | 145 | 129
135168.99

39 038 | 039 | 041 | 458 413|369 | 237 | 214 | 191 | 239 | 216 | 193
22673.50

40 050 | 050 | 050 | 631|570 |509| 072| 065| 058 | 072 | 0.65| 0.58
20057.33

41 044 | 045 | 044 | 565|511 |45 | 050 | 045| 040 | 051 | 046 | 041
649683.09

42 034 | 036 | 041 | 287|259 |231| 637 | 575| 514 | 676 | 6.11 | 545
56683.76

43 036 | 036 | 037 | 43239 |348| 089 | 08| 072| 089 | 0.80 | 0.72
637474.32

44 033 | 034 | 045 | 235|212 |190| 487 | 440 | 393 | 505 | 456 | 4.07
24417.62

45 046 | 047 | 046 | 631|570 |509| 072 | 065| 058 | 072 | 0.65| 0.58
45347.00

46 043 | 050 | 050 | 512|463 |413| 100| 090 | 081 | 115 | 104 | 093
40986.72

47 045 | 045 | 051 | 639|577 |516 | 118 | 107 | 09 | 118 | 107 | 0.96
170923.34

48 045 | 047 | 048 | 343|310 | 277 | 266 | 240 | 215| 273 | 247 | 220
29649.97

49 047 | 047 | 055 | 6.18 | 558|498 | 086 | 078 | 069 | 086 | 0.78 | 0.70
64532.29

50 046 | 046 | 046 | 524 | 473 | 422 | 154 | 139 | 124 | 154 | 139 | 124
180515.99

51 043 | 044 | 047 | 364|329 | 294 | 283 | 25 | 229 | 288 | 260 | 232
44474.96

52 049 | 052 | 054 | 517 | 467|417 | 113 | 102 | 092 | 120 | 108 | 0.97
6315443.34

53 035| 036 | 037 | 1.05| 0.95|0.85 | 86.14 | 77.82 | 69.51 | 89.01 | 80.41 | 71.83
35754.37

54 056 | 057 | 058 | 512 | 463|413 | 103 | 093 | 083 | 1.04| 094 | 0.84
214526.23

55 045 | 047 | 049 | 403|364 |325| 392 | 355| 317 | 4.02| 363 | 3.25
18313.21

56 059 | 061 | 060 | 570 | 515|460 | 062 | 056 | 050| 064 | 058 | 0.52
128192.51

57 057 | 057 | 058 | 428 |386|345| 312 | 282 | 252 | 312 | 282 | 252
1182510.50

58 033 | 035 | 035 | 207|187 | 167 | 1428 | 1290 | 11.52 | 14.81 | 13.38 | 11.95
261617.40

59 040 | 042 | 042 | 331|299 |267 | 344 | 311 | 277 | 361 | 326 | 2091
186620.37

60 042 | 043 | 047 | 354|320 |286| 278 | 251 | 224 | 286 | 258 | 231
13080.86

61 047 | 049 | 047 | 567|512 | 458 | 035| 031| 028| 036 | 033 | 0.29
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151738.07
62 048 | 049 | 054 | 4.06 | 366 |3.27 | 296 | 268 | 239 | 3.04| 274 | 245
20929.38
63 048 | 048 | 050 | 6.00 | 542|484 | 061 | 055| 049 | 061 | 055 | 0.49
63660.21
64 043 | 047 | 052 | 474|428 |383| 130 | 118| 105| 143 | 129 | 116
Table 3: Peak runoff values from watersheds of Kalapahar hill
Watershed area (sq
m) Composite C for Rainfall intensity Peak Q (m3/s) in | Peak Q (m3/s) in
Bas- the year (x10°° m/s) for RP 2011 for RP 2015 for RP
in 100 100 | 50 25 100 | 50 25
ID 2011 | 2015 | 2025 | yr 50yr | 25yr | yr yr yr yr yr yr
12208.81
1 059 | 060 | 0.60 | 891 | 805| 7.19 | 0.65 | 0.58 | 0.52 | 0.65 | 0.59 | 0.52
33138.20
2 054 | 055 | 058 | 7.06| 6.38| 570|127 | 115|103 |1.28 | 1.15| 1.03
256385.02
3 045 | 046 | 048 | 264 | 238 | 213 |3.04 | 275|246 | 3.10 | 2.80 | 2.50
25289.68
4 034 | 034 | 041 | 619 | 559 | 500 | 053|048 | 043 | 054 | 048 | 043
72380.81
5 038 | 039 | 046 | 583 | 527 | 471|162 | 146 131|164 | 148|132
30522.02
6 038 | 038 | 046 | 720 | 650 | 5.81 | 0.84 | 0.76 | 0.67 | 0.84 | 0.76 | 0.68
44474.95
7 044 | 045 | 049 | 594 | 537 | 480|117 | 1.06 | 0.95 | 1.18 | 1.06 | 0.95
22673.49
8 028 | 028 | 029 | 711 | 6.42| 574|045 | 041|037 | 045|041 | 0.37
2616.17
9 0.51 | 051 | 0.51 | 20.96 | 18.94 | 16.92 | 0.28 | 0.25 | 0.23 | 0.28 | 0.25 | 0.23
51451.42
10 049 | 049 | 054 | 586 | 529 | 473|148 |134| 120|149 | 134|120
8720.58
11 031 | 031 | 0.38 | 1094 | 9.89 | 8.83|0.30 | 0.27 | 0.24 | 0.30 | 0.27 | 0.24
169179.23
12 042 | 042 | 045 | 443 | 4.00| 357|311 281|251 |3.16| 285|255
1744.12
13 0.68 | 0.70 | 0.68 | 21.23 | 19.18 | 17.13 | 0.25 | 0.23 | 0.20 | 0.26 | 0.23 | 0.21
4360.30
14 0.48 | 0.48 | 0.48 | 15.70 | 14.19 | 12.67 | 0.33 | 0.30 | 0.27 | 0.33 | 0.30 | 0.27
6104.40
15 049 | 055 | 0.49 | 11.66 | 1053 | 9.41 | 0.35 | 0.31 | 0.28 | 0.39 | 0.35 | 0.31
2616.18
16 0.43 | 0.43 | 0.43 | 18.44 | 16.66 | 14.88 | 0.21 | 0.19 | 0.17 | 0.21 | 0.19 | 0.17
2616.17
17 0.55 | 055 | 0.55 | 22.12 | 19.98 | 17.85 | 0.32 | 0.29 | 0.26 | 0.32 | 0.29 | 0.26
6104.40
18 0.48 | 0.49 | 0.48 | 12.00 | 10.84 | 9.68 | 0.35 | 0.32 | 0.28 | 0.36 | 0.32 | 0.29
6976.47
19 029 | 0.29 | 0.32 | 10.72 | 9.69 | 8.65 | 0.22 | 0.20 | 0.18 | 0.22 | 0.20 | 0.18
364520.18
20 040 | 041 | 044 | 265| 240 | 214 |3.87 |350 (312|399 |361|3.22
7848.52
21 0.27 | 027 | 027 | 9.61| 869 | 7.76 | 0.21 | 0.19 | 0.17 | 0.21 | 0.19 | 0.17
15697.05
22 037 | 038 | 039 | 7.86| 7.10| 6.34 | 045|041 | 0.37 | 0.47 | 0.42 | 0.38
9592.64
23 034 | 034 | 034 | 885| 800 | 7.14|0.29 | 0.26 | 0.23 | 0.29 | 0.26 | 0.23
13952.92
24 037 | 037 | 037 | 7.09| 6.41| 572 |0.36|0.33|0.29 | 0.37 | 0.33 | 0.30
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2616.17

25 049 | 0.49 | 058 | 23.96 | 21.65 | 19.33 | 0.31 | 0.28 | 0.25 | 0.31 | 0.28 | 0.25
4360.29

26 0.55 | 0.57 | 0.56 | 13.06 | 11.80 | 10.54 | 0.31 | 0.28 | 0.25 | 0.33 | 0.29 | 0.26
15697.06

27 039 | 039 | 039 | 883 | 798| 7.12| 053|048 | 043 | 0.54 | 0.49 | 0.44
13952.92

28 038 | 041 | 038 | 806 | 7.29| 651 (043|039 035|046 | 041 | 0.37
174411

29 0.56 | 0.56 | 0.56 | 23.62 | 21.34 | 19.06 | 0.23 | 0.21 | 0.19 | 0.23 | 0.21 | 0.19
6976.46

30 040 | 042 | 0.40 | 1003 | 9.06 | 8.10 | 0.28 | 0.25 | 0.23 | 0.29 | 0.26 | 0.24
40114.67

31 053 | 055 | 053 | 7.40 | 6.69 | 597|157 | 1.42 | 1.27 | 1.62 | 1.47 | 1.31
8720.58

32 033 | 037 | 0331062 | 960 | 857|031 | 028|025/ 034|031 |0.28
2616.17

33 0.30 | 0.30 | 0.30 | 24.24 | 21.90 | 19.56 | 0.19 | 0.17 | 0.15 | 0.19 | 0.17 | 0.15
26161.74

34 037 | 038 | 038 | 6.05| 547 | 4.89 | 059 | 053 | 0.48 | 0.60 | 0.54 | 0.49
174412

35 038 | 0.38 | 0.38 | 50.82 | 45.91 | 41.01 | 0.33 | 0.30 | 0.27 | 0.33 | 0.30 | 0.27
27905.84

36 044 | 044 | 044 | 543 | 491 | 4.38|0.66 | 0.60 | 053 | 0.66 | 0.60 | 0.53
174412

37 044 | 044 | 0.44 | 17.81 | 16.09 | 14.37 | 0.14 | 0.12 | 0.11 | 0.14 | 0.12 | 0.11
221502.70

38 043 | 044 | 049 | 282 | 255| 228|272 | 246|219 | 278 | 251 | 2.24
10464.70

39 042 | 042 | 042 | 1032 | 933 | 833|045 | 041|036 | 0.46 | 0.41 | 0.37
1744.12

40 038 | 0.39 | 0.38 | 16.89 | 15.26 | 13.63 | 0.11 | 0.10 | 0.09 | 0.11 | 0.10 | 0.09
2616.18

4 0.46 | 0.46 | 0.46 | 17.34 | 15.67 | 14.00 | 0.21 | 0.19 | 0.17 | 0.21 | 0.19 | 0.17
1744.12

42 042 | 043 | 0.42 | 1069 | 9.65| 8.62 | 0.08|0.07 | 0.06 | 0.08 | 0.07 | 0.06
2616.17

43 046 | 047 | 0.46 | 1211 | 1094 | 9.77 | 0.15 | 0.13 | 0.12 | 0.15 | 0.14 | 0.12
1744.12

44 040 | 0.40 | 0.40 | 13.43 | 12.14 | 10.84 | 0.09 | 0.08 | 0.08 | 0.09 | 0.08 | 0.08
12208.82

45 035| 038 | 035 | 973 | 879 | 7.85| 042|038 | 034|046 | 041 | 0.37
2616.17

46 038 | 0.39 | 0.40 | 16.07 | 1452 | 12.97 | 0.16 | 0.15 | 0.13 | 0.16 | 0.15 | 0.13
3488.23

47 037 | 042 | 0.44 | 13.16 | 11.89 | 1062 | 0.17 | 0.15 | 0.14 | 0.19 | 0.17 | 0.15
3488.23

48 0.38 | 0.38 | 0.44 | 13.02 | 11.76 | 1051 | 0.17 | 0.15 | 0.14 | 0.17 | 0.15 | 0.14
4360.30

49 047 | 047 | 051 | 1040 | 9.40 | 8.39 | 0.21 | 019 | 017 | 0.21 | 0.19 | 0.17
3488.24

50 0.40 | 0.40 | 0.40 | 13.95 | 12.60 | 11.26 | 0.19 | 0.18 | 0.16 | 0.19 | 0.18 | 0.16
6104.41

51 045 | 048 | 0.49 | 1068 | 9.65| 8.62 | 0.30 | 0.27 | 0.24 | 0.31 | 0.28 | 0.25
1744.12

52 042 | 042 | 0.42 | 2139 | 19.32 | 17.26 | 0.16 | 0.14 | 0.13 | 0.16 | 0.14 | 0.13
6976.47

53 0.38 | 0.48 | 0.42 | 14.16 | 12.80 | 11.43 | 0.37 | 0.34 | 0.30 | 0.48 | 0.43 | 0.38
55811.70

54 040 | 040 | 0.41 | 519 | 469 | 419 | 1.16 | 1.05 | 0.94 | 1.16 | 1.05 | 0.94
8720.58

55 041 | 043 | 041 | 967 | 874 | 781 (035|032 028|036 032029
174412

56 051 | 051 | 051 | 21.39 | 19.32 | 17.26 | 0.19 | 0.17 | 0.15 | 0.19 | 0.17 | 0.15
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174412

57 0.60 | 0.60 | 0.60 | 21.23 | 19.18 | 17.13 | 0.22 | 0.20 | 0.18 | 0.22 | 0.20 | 0.18
2616.17

58 056 | 056 | 0.56 | 11.84 | 1069 | 955 | 0.17 | 0.16 | 0.14 | 0.17 | 0.16 | 0.14
40986.72

59 044 | 046 | 044 | 554 | 500 | 447 |0.99 | 090 |0.80 | 1.03 | 0.93 | 0.84
20929.39

60 042 | 044 | 043 | 817 | 738 | 659 | 0.72 | 0.65 | 0.58 | 0.75 | 0.67 | 0.60
15697.04

61 036 | 039| 036 | 913 | 825 | 737|052 | 047|042 | 055|050 | 045
4360.29

62 037 | 037 | 037 | 994 | 898 | 802|016 | 015 | 0.13 | 0.16 | 0.15 | 0.13
3488.23

63 050 | 050 | 050 | 1036 | 936 | 836 | 0.18 | 0.16 | 0.15 | 0.18 | 0.16 | 0.15
3488.23

64 039 | 039 | 046 | 1452 | 13.11 | 11.71 | 0.20 | 0.18 | 0.16 | 0.20 | 0.18 | 0.16
2616.17

65 0.43 | 043 | 043 | 16.69 | 1508 | 1347 | 0.19 | 0.17 | 0.15 | 0.19 | 0.17 | 0.15
13080.87

66 041 | 041 | 041 | 862 | 779 | 6.95| 046 | 042 | 0.38 | 0.47 | 0.42 | 0.38
2616.17

67 061 | 061 | 0.61 | 17.80 | 16.08 | 14.36 | 0.29 | 0.26 | 0.23 | 0.29 | 0.26 | 0.23
174411

68 051 | 052 | 051 2123 | 19.18 |17.13 | 0.19 | 0.17 | 0.15 | 0.19 | 0.17 | 0.16
3488.23

69 0.44 | 0.44 | 044 | 1520 | 13.73 | 12.27 | 0.23 | 0.21 | 0.19 | 0.23 | 0.21 | 0.19
3488.24

70 0.50 | 053 | 050 | 13.29 | 12.00 | 10.72 | 0.23 | 0.21 | 0.19 | 0.24 | 0.22 | 0.20
12208.80

71 040 | 040 | 040 | 832 | 752 | 6.71| 040|037 | 033|041 | 0.37 | 0.33
2616.17

72 031| 031 | 036 | 1797 | 16.24 | 1450 | 0.14 | 0.13 | 0.12 | 0.15 | 0.13 | 0.12
6976.47

73 041 | 041 | 041 | 1123 | 1014 | 9.06 | 0.32 | 0.29 | 0.26 | 0.32 | 0.29 | 0.26
13080.87

74 035| 035| 0351002 | 9.05| 809 | 046 | 041 | 0.37 | 0.46 | 0.41 | 0.37
191852.75

75 042 | 042 | 043 | 376 | 339 | 3.03|3.01 272|243 | 3.05| 2.76 | 2.46
328765.84

76 037 | 038 | 037 | 266 | 240 | 214|320 | 2.89 | 259 | 3.28 | 2.96 | 2.64
107263.12

77 037 | 037| 038 | 365| 330 | 295|146 | 132|118 | 146|132 1.18
5232.36

78 038 | 038 | 043 | 89 | 809 | 7.23|0.18 | 0.16 | 0.14 | 0.18 | 0.16 | 0.14
16569.10

79 040 | 040 | 041 | 884 | 799 | 7.13|0.58 | 052 | 0.47 | 0.58 | 0.52 | 0.47

Table 4: Peak runoff values from watersheds of Sonaighuli

hill

Watershed area (sq . . ) . ) )
m) Composite C for Rainfall intensity Peak Q (m3/s) in | Peak Q (m3/s) in
Bas- the year (x10°° m/s) for RP 2011 for RP 2015 for RP
in 100 100 | 50 25 100 | 50 25
1D 2011 | 2015 | 2025 | yr 50yr | 25yr | yr yr yr yr yr yr
1744.12
1 054 | 057 | 0.60 | 20.10 | 18.16 | 16.22 | 0.19 | 0.17 | 0.15 | 0.20 | 0.18 | 0.16
9592.64
2 053 | 054 | 055 | 961 | 868 | 7.75|0.49 | 044 | 0.39 | 0.50 | 0.45 | 0.40
3488.23
3 049 | 053 | 057 | 14.17 | 12.80 | 1143 | 0.24 | 0.22 | 0.20 | 0.26 | 0.24 | 0.21
5232.34
4 0.46 | 0.47 | 057 | 19.48 | 1760 | 15.72 | 0.47 | 0.43 | 0.38 | 0.48 | 0.43 | 0.39
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174412

5 064 | 064 | 064 |21.23 | 19.18 | 17.13 | 0.24 | 0.21 | 0.19 | 0.24 | 0.21 | 0.19
13952.93

6 045 | 047 | 064 | 6.80 | 6.15| 549 | 043|039 | 0.34 | 0.44 | 0.40 | 0.36
55811.71

7 032 | 035| 047 | 575| 519 | 464 |1.01|092 | 082 | 1.11 | 1.00 | 0.90
6976.46

8 036 | 041 | 055 | 1052 | 950 | 849 | 0.26 | 024 | 0.21 | 0.30 | 0.27 | 0.24
3488.23

9 049 | 0.49 | 0.49 | 14.79 | 13.36 | 11.93 | 0.25 | 0.23 | 0.20 | 0.25 | 0.23 | 0.20
2616.17

10 044 | 051 | 053 | 13.07 | 11.80 | 1054 | 0.15 | 0.14 | 0.12 | 0.17 | 0.16 | 0.14
5232.34

11 051 | 053 | 0551032 | 932 | 833|027 |025/(022|028]|026|023
4360.28

12 057 | 059 | 057 | 14.35 | 12.97 | 11.58 | 0.36 | 0.32 | 0.29 | 0.37 | 0.34 | 0.30
4360.29

13 038 | 042 | 044 | 1083 | 979 | 874 |0.18 | 0.16 | 0.15 | 0.20 | 0.18 | 0.16
39242.60

14 044 | 047 | 047 | 647 | 584 | 522|112 (101|090 |1.19 | 1.08 | 0.96
1744.12

15 055 | 0.55 | 0.61 | 26.45 | 23.89 | 21.34 | 0.25 | 0.23 | 0.20 | 0.25 | 0.23 | 0.21
174412

16 050 | 051 | 0.65 | 27.65 | 24.98 | 22.31 | 0.24 | 0.22 | 0.20 | 0.25 | 0.22 | 0.20
174412

17 051 | 051 | 051 | 45.79 | 41.37 | 36.95 | 0.41 | 0.37 | 0.33 | 0.41 | 0.37 | 0.33
42730.84

18 053 | 055| 054 | 6.04| 545 | 487|136 | 123|110 | 141 | 1.28 | 1.14
2616.17

19 052 | 052 | 0.66 | 17.80 | 16.08 | 14.36 | 0.24 | 0.22 | 0.19 | 0.24 | 0.22 | 0.19
2616.17

20 035 | 0.35 | 0.48 | 21.59 | 19.51 | 17.42 | 0.20 | 0.18 | 0.16 | 0.20 | 0.18 | 0.16
9592.63

21 041 | 042 | 046 | 891 | 805| 719|035 | 032|028 |0.36 | 032 | 0.29
8720.58

22 050 | 053 | 0.61| 9.90| 895| 7.99 | 0.44 | 0.39 | 0.35 | 0.46 | 0.41 | 0.37
6104.40

23 050 | 050 | 0.54 | 10.15 | 9.17 | 8.19 | 0.31 | 0.28 | 0.25 | 0.31 | 0.28 | 0.25
174411

24 0.30 | 0.30 | 0.30 | 44.46 | 40.17 | 35.88 | 0.23 | 0.21 | 0.19 | 0.23 | 0.21 | 0.19
10464.70

25 032 | 032 | 0531005 | 9.08| 811 |0.33|0.30 027034030027
784853

26 040 | 044 | 053 | 1059 | 957 | 855 | 0.33 | 0.30 | 0.27 | 0.37 | 0.33 | 0.30
16569.11

27 029 | 031 | 044 | 9.01| 814 | 7.27| 043|038 | 034 | 046 | 042 | 0.37
11336.76

28 052 | 052 | 052| 841 | 7.60| 6.79 | 0.50 | 0.45 | 0.40 | 0.50 | 0.45 | 0.40
9592.64

29 044 | 046 | 047 | 796 | 7.19 | 6.42 | 034 | 030|027 | 035032028
2616.17

30 047 | 0.47 | 0.47 | 15.69 | 14.17 | 12.66 | 0.19 | 0.17 | 0.15 | 0.19 | 0.17 | 0.16
6976.47

31 036 | 036 | 050 | 10.83 | 9.78 | 8.74 | 0.27 | 0.24 | 0.22 | 0.27 | 0.24 | 0.22
2616.17

32 034 | 034 | 0342018 | 1823 | 16.29 | 0.18 | 0.16 | 0.14 | 0.18 | 0.16 | 0.14
2616.17

33 055 | 055 | 055 | 17.41 | 15.73 | 14.05 | 0.25 | 0.23 | 0.20 | 0.25 | 0.23 | 0.20
6976.47

34 044 | 045 | 048 | 1014 | 9.16 | 818|031 | 028 | 0.25 | 0.32 | 0.29 | 0.26
1744.12

35 030 | 0.30 | 0.30 | 16.89 | 15.26 | 13.63 | 0.09 | 0.08 | 0.07 | 0.09 | 0.08 | 0.07
4360.30

36 033 | 033 | 0.44 | 2041 | 18.44 | 16.47 | 0.29 | 0.26 | 0.24 | 0.29 | 0.26 | 0.24
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2616.17

37 033 | 033 | 0332159 (1951 | 1742|019 | 0.17 |0.15|0.19 | 0.17 | 0.15
2616.17

38 032 | 032| 0322159 | 1951 | 1742 | 0.18 | 0.16 | 0.15 | 0.18 | 0.16 | 0.15
174412

39 030 | 0.30 | 0.30 | 21.23 | 19.18 | 17.13 | 0.11 | 0.10 | 0.09 | 0.11 | 0.10 | 0.09
2616.18

40 030 | 0.30 | 0.30 | 1843 | 16.65 | 1487 | 0.14 | 0.13 | 0.12 | 0.14 | 0.13 | 0.12
5232.34

41 051 | 051 | 055 1141|1030 | 920 | 0.30 | 0.27 | 0.24 | 0.30 | 0.27 | 0.24
10464.70

42 022 | 033 | 049 | 953 | 861 | 7.69|0.22|0.20 | 0.17 | 0.33 | 0.29 | 0.26
2616.17

43 041 | 048 | 041 | 16.69 | 1508 | 1347 | 0.18 | 0.16 | 0.14 | 0.21 | 0.19 | 0.17
3488.24

44 035| 035 | 035 | 1858 | 16.79 | 15.00 | 0.23 | 0.21 | 0.18 | 0.23 | 0.21 | 0.19
3488.24

45 037 | 037 | 041 | 18.78 | 16.97 | 15.15 | 0.24 | 0.22 | 0.20 | 0.24 | 0.22 | 0.20
4360.29

46 031 | 036 | 040 | 14.26 | 12.88 | 11.51 | 0.19 | 0.17 | 0.15 | 0.22 | 0.20 | 0.18
3488.23

47 032 | 032 | 043 | 13.73 | 1241 | 11.08 | 0.15 | 0.14 | 0.12 | 0.15 | 0.14 | 0.12
174411

48 032 | 032 | 0382123 | 19.18 | 17.13 | 0.12 | 0.11 | 0.10 | 0.12 | 0.11 | 0.10
6976.46

49 047 | 047 | 048 | 737 | 6.66 | 595|024 022 |0.20 | 024 | 0.22 | 0.20
174411

50 031 | 031 | 031 |27.65| 2498 | 2231 | 0.15 | 0.14 | 0.12 | 0.15 | 0.14 | 0.12
2616.17

51 043 | 043 | 043 | 18.14 | 16.39 | 1464 | 0.20 | 0.18 | 0.16 | 0.20 | 0.18 | 0.16
2616.17

52 031 | 031 0312235 | 20.19 | 18.04 | 0.18 | 0.16 | 0.15 | 0.18 | 0.16 | 0.15
2616.17

53 0.27 | 027 | 0.27 | 22.12 | 1998 | 17.85 | 0.16 | 0.14 | 0.13 | 0.16 | 0.14 | 0.13
174412

54 047 | 047 | 047 | 36.38 | 32.87 | 29.36 | 0.30 | 0.27 | 0.24 | 0.30 | 0.27 | 0.24
2616.17

55 038 | 038 | 041 | 17.86 | 16.13 | 1441 | 0.18 | 0.16 | 0.14 | 0.18 | 0.16 | 0.14
5232.34

56 038 | 040 | 042 | 1024 | 925 | 826 | 0.21 | 019 | 0.17 | 0.21 | 0.19 | 0.17
12208.82

57 043 | 043 | 043 | 1070 | 9.67 | 8.64 | 056 | 0.51 | 0.45 | 0.56 | 0.51 | 0.45
4360.29

58 049 | 049 | 050 | 1432 | 1294 | 1155 | 0.31 | 0.28 | 0.25 | 0.31 | 0.28 | 0.25
4360.29

59 0.50 | 050 | 0.50 | 13.61 | 12.29 | 10.98 | 0.30 | 0.27 | 0.24 | 0.30 | 0.27 | 0.24
8720.57

60 034 | 040 | 038 | 1017 | 9.18 | 8.20 | 0.30 | 0.27 | 0.25 | 0.36 | 0.32 | 0.29
3488.24

61 051 | 051 | 051 |16.39 | 1481 | 13.23 | 0.29 | 0.26 | 0.24 | 0.29 | 0.26 | 0.24
5232.34

62 046 | 046 | 046 | 11.13 | 1005 | 898 | 0.27 | 0.24 | 0.22 | 0.27 | 0.24 | 0.22
4360.28

63 045 | 0.46 | 045 | 1553 | 1403 | 1253 | 0.31 | 0.28 | 0.25 | 0.31 | 0.28 | 0.25
40986.73

64 038 | 040 | 041 | 6.12 | 553 | 494|095 |086 |0.77 | 1.00 | 0.91 | 0.81
6976.46

65 039 | 040 | 0.39 | 16.20 | 1463 | 13.07 | 0.44 | 0.40 | 0.35 | 0.45 | 0.41 | 0.36

Table 5: Peak runoff values from watersheds of Sarania hill
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Watershed area (sd |  composite C for Rainfall intensity Peak Q (m3/s)in | Peak Q (m3/s)in
Bas- m) the year (x10”° m/s) for RP 2011 for RP 2015 for RP
in 100 100 | 50 25 100 | 50 25
ID 2011 | 2015 | 2025 | yr 50yr | 25yr | yr yr yr yr yr yr
31394.10
1 0.39 | 0.39 | 042 6.29 5.68 5.08 | 0.77 | 0.69 | 0.62 | 0.77 | 0.69 | 0.62
36626.43
2 0.47 | 047 | 0.53 6.16 5.56 497 | 1.06 | 0.96 | 0.86 | 1.07 | 0.96 | 0.86
41858.80
3 0.40 | 041 | 0.45 5.94 5.37 480 | 1.01 | 091 | 0.81 | 1.02 | 0.92 | 0.82
81101.38
4 0.45 | 0.46 | 0.48 4.54 4.10 3.66 | 1.67 | 1.51 | 1.35 | 1.68 | 1.52 | 1.36
1744.11
5 0.61 | 0.61 | 0.61 | 27.09 | 2447 | 21.86 | 0.29 | 0.26 | 0.23 | 0.29 | 0.26 | 0.23
1744.12
6 0.56 | 0.57 | 0.56 | 25.68 | 23.20 | 20.72 | 0.25 | 0.23 | 0.20 | 0.25 | 0.23 | 0.21
1744.11
7 0.72 | 0.72 | 0.72 | 21.23 | 19.18 | 17.13 | 0.27 | 0.24 | 0.21 | 0.27 | 0.24 | 0.21
2616.17
8 043 | 046 | 0.44 | 20.78 | 18.77 | 16.77 | 0.23 | 0.21 | 0.19 | 0.25 | 0.22 | 0.20
14824.98
9 0.36 | 0.36 | 041 8.28 7.48 6.68 | 0.44 | 0.40 | 0.36 | 0.44 | 0.40 | 0.36
3488.24
10 048 | 048 | 0.48 | 17.68 | 1597 | 14.26 | 0.30 | 0.27 | 0.24 | 0.30 | 0.27 | 0.24
13952.92
11 0.37 | 037 | 045 7.54 6.81 6.08 [ 0.39 | 0.35 | 0.31 | 0.39 | 0.35 | 0.31
7848.52
12 041 | 042 | 041 9.86 8.91 796 | 0.32 | 0.29 | 0.26 | 0.33 | 0.29 | 0.26
2616.17
13 0.46 | 046 | 0.46 | 19.08 | 17.23 | 1539 | 0.23 | 0.21 | 0.18 | 0.23 | 0.21 | 0.18
6976.48
14 041 | 044 | 041 9.32 8.42 7.52 | 0.27 | 0.24 | 0.21 | 0.29 | 0.26 | 0.23
3488.23
15 0.54 | 055 | 0.54 | 15.36 | 13.88 | 12.39 | 0.29 | 0.26 | 0.23 | 0.30 | 0.27 | 0.24
3488.23
16 0.47 | 047 | 0.47 | 1545 | 13.96 | 12.47 | 0.26 | 0.23 | 0.21 | 0.26 | 0.23 | 0.21
27905.85
17 0.57 | 0.57 | 0.57 9.68 8.74 781 | 153|138 | 123 | 154|139 | 1.24
68892.58
18 0.43 | 043 | 043 5.63 5.08 454 | 168 | 1.51 | 135 | 1.68 | 1.52 | 1.36
1744.11
19 0.46 | 046 | 0.46 | 13.43 | 12.14 | 10.84 | 0.11 | 0.10 | 0.09 | 0.11 | 0.10 | 0.09
15697.04
20 0.59 | 0.59 | 0.59 8.42 7.61 6.79 | 0.78 | 0.70 | 0.63 | 0.78 | 0.70 | 0.63
2616.18
21 0.68 | 0.68 | 0.68 | 14.09 | 12.73 | 11.37 | 0.25 | 0.23 | 0.20 | 0.25 | 0.23 | 0.20
46219.06
22 0.58 | 0.59 | 0.58 5.80 5.24 468 | 1.56 | 1.41 | 1.26 | 1.58 | 1.42 | 1.27
26161.73
23 0.62 | 0.62 | 0.62 5.94 5.37 480 | 0.96 | 0.87 | 0.78 | 0.96 | 0.87 | 0.78
107263.12
24 0.50 | 0.51 | 0.50 4.66 4.21 3.76 | 2.52 | 2.27 | 2.03 | 2.55 | 2.30 | 2.06
Table 6 Peak runoff values from watersheds of Kharguli hill
Watershed area (sq
Bas- m)
in Composite C for Rainfall intensity Peak Q (m3/s) in | Peak Q (m3/s) in
ID the year (x10° m/s) for RP 2011 for RP 2015 for RP
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100 50 25 100 | 50 25 100 | 50 25

2011 | 2015 | 2025 | yr yr yr yr yr yr yr yr yr
17441.16

1 030 | 0.30 | 036 | 816 | 7.38 | 6.59 | 043 | 0.39 | 0.35 | 0.43 | 0.39 | 0.35
10464.70

2 030 | 031 | 041 | 986|891 | 795|031 |0.28|025]|032]| 029 | 0.26
11336.74

3 0.30 | 0,30 | 0.30 | 896|809 | 723|030 028|025 030|028 | 0.25
1033388.63

4 034 035 | 042 | 184|167 | 149|825 746|666 |832]| 751 |6.71
26161.73

5 0.36 | 0.36 | 037 | 6.18 | 558 | 499 | 0.58 | 0.52 | 0.46 | 0.58 | 0.52 | 0.46
10464.71

6 034 039 | 038 | 812 | 7.33 | 6.55|0.29 | 0.26 | 0.24 | 0.33 | 0.30 | 0.27
10464.68

7 031) 031 031 | 768|694 |6.20|0.25|0.23 |0.20 | 0.25 | 0.23 | 0.20
11336.76

8 036 | 037 | 036 | 943|852 | 7.61|0.39 035|031 040|036 | 0.32
108135.17

9 028 | 029 | 041 | 457|413 369|140 | 126|113 |141|128] 114
11336.74

10 030 | 033 | 034 | 848 | 7.66 | 6.84 | 0.29 | 0.26 | 0.23 | 0.32 | 0.29 | 0.26
10464.70

11 031]| 032 036 | 690 | 6.23 | 557|022 020|018 | 023|021 0.19
10464.69

12 027 | 037 | 056 | 886|801 715|025 |022|0.20| 034|031 0.27
254640.91

13 030 | 032| 032 | 3.06 | 276|247 | 235|212 | 190 | 247 | 223 | 1.99
11336.74

14 030 | 0.30 | 046 | 758 |6.84 | 6.11 | 0.26 | 0.23 | 0.21 | 0.26 | 0.23 | 0.21
11336.74

15 029 | 030 | 029 | 6.27 | 567 | 506 | 0.21 | 0.19 | 0.17 | 0.22 | 0.20 | 0.17
11336.75

16 030 | 031 | 052 | 841|760 | 6.78 | 0.28 | 0.26 | 0.23 | 0.29 | 0.26 | 0.24
13080.87

17 030 | 031 | 034 | 765|691 |6.17|0.30 |0.27 | 0.25 | 0.31 | 0.28 | 0.25
13952.94

18 029 | 035| 043 | 693 |6.26 | 559 | 0.28 | 0.25 | 0.23 | 0.34 | 0.30 | 0.27
13952.92

19 032) 032 032 | 698|631 563|031 |0.28|025]031]|028]0.25
30522.03

20 0.38| 038 | 041 | 590|533 |4.76|0.68 | 0.62 | 0.55 | 0.69 | 0.62 | 0.55
19185.27

21 029| 029 | 033 | 6.76 | 6.11 | 546 | 0.38 | 0.34 | 0.31 | 0.38 | 0.35 | 0.31
148249.83

22 027 ] 029 | 029 | 382 | 346|309 |155|140 125|163 |148|1.32
147377.77

23 026 | 028 | 028 | 404 |365|326|156 141|126 | 164|148 | 1.32
373240.80

24 034 ] 037 | 039 | 302|273 | 244|388 | 351|313 |420|3.79 | 3.39
17441.14

25 027 | 028 | 0.33 | 6.86 | 6.20 | 554 | 0.33 | 0.30 | 0.27 | 0.34 | 0.31 | 0.27
13080.87

26 0.38 | 038 | 0.38 | 10.87 | 9.82 | 8.77 | 0.54 | 0.49 | 0.44 | 0.54 | 0.49 | 0.44
17441.15

27 038 | 039 | 039 | 846 | 764 | 6.82 | 0.56 | 051 | 0.45 | 0.57 | 0.52 | 0.46
56683.77

28 040 | 040 | 041 | 547 | 494|442 |125|113|101|125|113]|1.01
38370.53

29 026 | 026 | 0.33 | 479|433 | 387|048 | 043|039 | 048 | 043 0.39
12208.81

30 037 | 038 | 037 | 889 |803]| 718|040 |0.36| 032|042 | 0.38|0.34
94182.25

31 0.38| 038 | 044 | 448 |405| 362|160 145|129 | 162|147 | 131
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56683.76

32 0.25| 027 | 027 | 4.04|365]|3.26| 057 | 052|046 | 062 | 056 | 0.50
20057.34

33 043 | 043 | 0.44 | 7.18 | 6.49 | 5.80 | 0.62 | 0.56 | 0.50 | 0.62 | 0.56 | 0.50
19185.28

34 048 | 048 | 050 | 8.07 | 7.29 | 651 | 0.74 | 0.67 | 0.60 | 0.74 | 0.67 | 0.60
72380.80

35 042 | 0.44 | 043 | 480 | 434|387 | 146 | 1.32 | 1.18 | 1.54 | 1.39 | 1.25
61916.11

36 045 | 0.46 | 050 | 557 | 5.04 | 450 | 1.54 | 1.39 | 1.25 | 1.58 | 1.43 | 1.27
10464.70

37 058 | 058 | 0.61 | 6.76 | 6.11 | 5.45 | 0.41 | 0.37 | 0.33 | 0.41 | 0.37 | 0.33
629625.79

38 041 | 042 | 044 | 215 | 1.94 | 1.73 | 5.56 | 5.02 | 4.49 | 5.62 | 5.08 | 4.54
34882.32

39 035| 038 | 037 | 6.91|6.24 |558 085|077 |0.68|091|083]|074
416843.66

40 042 | 044 | 044 | 246 | 223 | 1.99 | 432 | 3.90 | 3.49 | 4.47 | 4.04 | 361
131680.75

4 042 | 043 | 043 | 413|373 (333|228 206|184 2362131901
24417.62

42 050 | 051 | 050 | 7.07 |6.38 570 |0.85|0.77 | 0.69 | 0.88 | 0.79 | 0.71
115111.65

43 053 | 053 | 055 | 4.21|3.80 | 3.39 | 2.54 | 2.30 | 2.05 | 2.59 | 2.34 | 2.09
32266.14

44 042 | 045 | 049 | 824 | 7.44 | 6.65| 1.12 | 1.01 | 0.90 | 1.20 | 1.08 | 0.97
31394.08

45 041 | 041 | 043 | 676 | 6.11 | 546 | 0.88 | 0.79 | 0.71 | 0.88 | 0.79 | 0.71
51451.42

46 057 | 057 | 057 | 653|590 |5.27 (192|174 |155|193 (175 1.56
60172.02

47 049 | 050 | 050 | 4.19 | 3.79 | 3.38 | 1.24 | 1.12 | 1.00 | 1.26 | 1.14 | 1.01
136913.08

48 041 | 043 | 041 | 3.91|353|3.15(219 198|177 |229 |207 | 185
41858.78

49 047 | 049 | 047 | 532|481 | 430 | 1.04 | 094 | 0.84 | 1.10 | 1.00 | 0.89
175283.63

50 044 | 0.44 | 045 | 3.67 | 332|296 | 2.80 | 2.53 | 2.26 | 2.86 | 2.59 | 2.31
711599.26

51 044 | 045 | 049 | 2.49 | 2.25 | 2.01 | 7.76 | 7.01 | 6.26 | 7.98 | 7.21 | 6.44
32266.15

52 053 | 054 | 055 | 5.49 | 4.96 | 443 | 0.94 | 0.85 | 0.76 | 0.96 | 0.87 | 0.78
63660.23

53 0.53 | 054 | 054 | 487|440 |3.93|1.63 | 147 | 131|167 | 151|135
19185.27

54 050 | 0.50 | 0.54 | 6.88 | 6.22 | 555 | 0.66 | 0.60 | 0.53 | 0.67 | 0.60 | 0.54
506665.69

55 042 | 043 | 044 | 278 | 251 | 2.24 | 597 | 5.39 | 4.82 | 6.05 | 5.46 | 4.88
14824.99

56 042 | 045 | 042 | 9.02|8.15 | 7.28 | 0.56 | 0.50 | 0.45 | 0.61 | 0.55 | 0.49
306092.30

57 040 | 0.41 | 0.43 | 3.27 | 2.95 | 2.64 | 4.04 | 3.65 | 3.26 | 4.15 | 3.75 | 3.35
92438.14

58 045 | 0.48 | 050 | 5.15 | 4.65 | 4.16 | 2.16 | 1.95 | 1.74 | 2.26 | 2.04 | 1.82
12208.81

59 058 | 058 | 0.58 | 7.53 | 6.80 | 6.08 | 0.53 | 0.48 | 0.43 | 0.54 | 0.48 | 0.43
11336.76

60 058 | 0.62 | 0.62 | 801 |7.24|6.47| 053|048 | 043|056 | 050 | 045
34882.32

61 0.65 | 0.66 | 0.66 | 5.46 | 493 | 440 | 1.24 | 1.12 | 1.00 | 1.26 | 1.14 | 1.02
17441.16

62 0.56 | 057 | 0.60 | 7.29 | 659 | 5.88 | 0.72 | 0.65 | 0.58 | 0.72 | 0.65 | 0.58
47091.14

63 049 | 053 | 054 | 532|480 |4.29|1.23 | 111|099 | 1.33 | 1.20 | 1.07
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47963.18

64 052 | 052 | 053 | 497|449 (401|123 |111|099| 123|111 0.99
634858.11

65 051 | 052 | 052 | 187|169 | 151 |6.05 | 547 | 4.88 | 6.20 | 5.60 | 5.00
85461.69

66 057 | 058 | 057 | 544|491 |439|263 237|212 | 271|244 | 2.18
156970.42

67 049 | 050 | 051 | 375|339 (303|287 |259|231|29 | 267|239
12208.80

68 041 | 041 | 041 | 9.00 | 813 | 7.27 | 0.45 | 0.41 | 0.36 | 0.45 | 0.41 | 0.37
18313.22

69 047 | 048 | 047 | 6.31|570| 509|054 049|043 | 056 | 051|045
16569.11

70 043 | 044 | 045 | 634|572 (511|045 | 041|036 | 0.46 | 0.42 | 0.37
312196.74

71 051 ] 051 | 055 | 232|210 | 1.87 | 3.68 | 3.33 | 297 | 3.72 | 3.36 | 3.00

Table 7: Peak runoff values from watersheds of Japorigog hill

Watershed area . . . . . .

(sq m) Composite C for Rainfall intensity Peak Q (m3/s) in Peak Q (m3/s) in

Bas- the year (x10°° m/s) for RP 2011 for RP 2015 for RP

in 100 | 50 25 100 100

ID 2011 | 2015 | 2025 | yr yr yr yr 50yr | 25yr | yr 50yr | 25yr
901707.89

1 034 | 035 035 (215|195 |174| 908 | 820 | 733 | 931 | 841 | 752
50579.34

2 051 | 051 | 053 381|344 |307| 097 | 08| 079 | 097 | 088 | 0.79
13080.87

3 056 | 0.56 | 0.56 | 580 | 524 | 468 | 043 | 039 | 035| 043 | 039 | 0.35
226735.06

4 054 | 055 | 056 | 354|319 |285| 432 | 390 | 349 | 442 | 399 | 356
162202.77

5 047 | 048 | 053 | 414 | 374|334 | 316 | 286 | 255| 321 | 290 | 259
581662.59

6 033 034 | 037 |19 | 176|157 | 378 | 342 | 305| 391 | 354 | 3.16
23545.57

7 043 | 044 | 045|721 |651 |58 | 073 | 066| 059 | 075| 068 | 0.60
123832.23

8 0.36 | 038 | 040 (395|357 (319 | 177 | 160 | 143 | 184 | 166 | 148
589511.15

9 040 | 041 | 048 219|198 |177| 520 | 470 | 420 | 535 | 483 | 432
259873.25

10 044 | 044 | 049 | 319|288 | 257 | 364 | 329 | 294 | 367 | 331 | 296
17441.17

11 0.60 | 060 | 0.63 | 6.86 | 6.20 | 554 | 0.72 | 0.65| 058 | 0.72| 065 | 0.58
58427.88

12 069 | 070 | 069 | 481 | 434|388 | 195| 176 | 157 | 196 | 1.77 | 1.58
170923.36

13 0.46 | 0.46 | 056 | 297 | 268 | 239 | 232 | 209 | 187 | 232 | 209 | 1.87
16569.11

14 054 | 054 | 059 (869 | 785|702| 078 | 071| 063 | 078 | 0.71 | 0.63
28777.90

15 039 | 039 | 040 | 682 |6.17 | 551 | 076 | 069 | 061 | 076 | 0.69 | 0.62
18313.22

16 048 | 048 | 062 | 804|726 | 648 | 071 | 064 | 057 | 071 | 064 | 057
55811.69

17 043 | 046 | 051 | 498 | 450 | 402 | 121 | 109 | 097 | 127 | 115| 1.03
215398.30

18 036 | 037 | 040 | 375|339 |3.03| 289 | 261 | 233 | 3.00| 271 | 242
36626.42

19 0.67 | 067 | 0.67 | 574|519 | 463 | 140 | 127 | 113 | 141 | 128 | 114
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12208.81

20 050 | 050 | 0.54 | 870 | 7.86 | 7.02 | 053 | 048 | 043 | 053 | 048 | 043
18313.22

21 047 | 047 | 052 |7.95|7.19 | 642 | 068 | 061| 055| 068 | 061| 055
60172.01

22 0.65| 0.65| 0.65|4.47 | 404 | 361 | 174 | 157 | 140 | 1.74 | 157 | 1.40
15697.04

23 059 | 059 | 059 | 7.15 | 6.46 | 577 | 066 | 060 | 054 | 066 | 060 | 0.54
104646.96

24 0.36 | 036 | 0.39 | 581 | 525|469 | 218 | 197 | 176 | 219 | 198 | 177
14824.98

25 058 | 058 | 0.58 | 859 | 7.76 | 6.93 | 0.74 | 067 | 060 | 074 | 067 | 0.60
334870.22

26 057 | 057 | 057 | 285|257 |230| 543 | 490 | 438 | 545 | 493 | 4.40
12208.81

27 0.45 | 0.47 | 0.48 | 9.73 | 879 | 785 | 053 | 048 | 043 | 056 | 051 | 0.45
40114.67

28 0.40 | 0.40 | 0.41 | 651 | 588 | 526 | 1.05| 095| 085| 1.05| 095| 085
20929.39

29 050 | 050 | 0.54 | 7.53 | 6.80 | 6.08 | 0.79 | 0.71| 063 | 079 | 0.72 | 0.64
1394420.59

30 0.44 | 045 | 0.48 | 1.79 | 1.62 | 1.45 | 19.70 | 17.80 | 15.90 | 19.70 | 17.80 | 15.90
81101.39

31 0.38 | 039 | 0.46 | 553 | 500 | 447 | 172 | 156 | 1.39| 1.75| 158 | 1.41
85461.68

32 0.40 | 040 | 0.40 | 422 | 381 | 3.40 | 144 | 1.30| 116 | 1.45| 131 | 1.17
497945.04

33 0.34 | 035| 037|301 |272|243| 512 | 463 | 413 | 528 | 477 | 4.26
31394.08

34 041 | 0.41 | 0.41 | 5.09 | 460 | 411 | 066 | 060 | 053 | 066 | 060 | 053
166563.06

35 029 | 029 | 029|332 |300|268| 1.60| 1.44| 129| 161 | 145 | 1.30
16569.10

36 0.37 | 0.38| 0.37 | 6.10 | 552 | 493 | 037 | 033| 030 | 039 | 035| 031
151738.11

37 0.44 | 0.44 | 050 | 462 | 417 | 372 | 3.09 | 279 | 249 | 3.09| 279 | 250
18313.22

38 041 | 0.42 | 0.45 | 520 | 469 | 419 | 039 | 035| 031 | 040 | 036 | 0.32
72380.80

39 042 | 042 | 042 | 431|390 | 348 | 130 | 1.17| 1.05| 132 | 1.20| 1.07
27033.80

40 0.40 | 0.40 | 0.43 | 529 | 478 | 427 | 057 | 052 | 046 | 057 | 052 | 0.46
160458.66

41 042 | 042 | 042|360 |325|290| 240 | 217 | 1.94| 240 | 217 | 1.94
69764.63

42 0.39 | 040 | 0.40 | 5.09 | 460 | 411 | 1.39 | 1.25| 112 | 141 | 1.28 | 1.14
34010.26

43 051 | 051 | 051|556 |503|449| 097 | 088| 078 | 097 | 088 | 0.78
119471.95

44 037 | 038 | 039 | 4.14 | 374 | 334 | 1.83| 1.66| 1.48| 190 | 172 | 1.53
426436.30

45 025 | 025| 028|299 |270 |241| 325| 293| 262 | 325| 293 | 262
20057.34

46 0.41 | 0.42 | 0.49 | 6.67 | 6.03 | 538 | 055| 050 | 044 | 056 | 050 | 045
12208.82

47 041 | 0.41 | 0.49 | 6.93 | 6.26 | 559 | 034 | 031| 028 | 035| 031 | 0.8
14824.98

48 0.35| 035| 051|663 |59 |535| 035| 031| 028| 035| 031| 0.28
16569.10

49 043 | 043 | 0.48 | 880 | 795|710 | 063 | 057 | 051 | 063 | 057 | 051
675844.88

50 039 | 041 | 042 | 263|238 |212| 701 | 633| 566 | 7.31| 6.60| 5.90
1284541.30

51 0.36 | 0.36 | 0.39 | 1.89 | 1.71 | 1.52 | 14.00 | 12.65 | 11.30 | 14.07 | 12.71 | 11.35
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19185.25
52 034 | 035 034|777 |702|627| 051| 046 | 041 | 052 | 047 | 042
90694.03
53 054 | 054 | 056 | 532|480 |429| 259 | 234 | 209 | 262 | 237 | 211
13952.93
54 050 | 051 | 053 (818|739 |6.60| 057 | 052| 046 | 059 | 053 | 047
61916.12
55 043 | 043 | 048 | 554|501 | 447 | 148 | 134 | 120 | 149 | 135| 1.20
158714.54
56 048 | 049 | 050 | 341|309 | 276 | 259 | 234 | 209 | 267 | 241 | 215
76741.10
57 052 | 053 | 056 | 485|438 391 | 194 | 175| 157 | 199 | 180 | 1.60
268593.85
58 046 | 048 | 048 | 335|303 |271| 411 | 371 | 332 | 428 | 387 | 345
17441.15
59 0.53 | 053 | 056 | 550 | 497 | 444 | 050 | 046 | 041 | 051 | 046 | 041
25289.67
60 042 | 043 | 042 | 555|501 |448| 060 | 054 | 048 | 060 | 054 | 048
236327.68
61 051 | 052 | 052 |265|239|214| 316 | 286 | 255 | 323 | 291 | 260
51451.44
62 054 | 054 | 054 | 517 | 467 | 417 | 143 | 129 | 115| 145| 131 | 1.17
11336.76
63 056 | 0.56 | 0.56 | 645|583 |520| 041 | 037 | 033 | 041| 037 | 0.33
1787718.64
64 035 | 036 | 037|171 | 155 | 1.38 | 19.20 | 17.34 | 15.49 | 19.20 | 17.34 | 15.49
157842.48
65 051 | 052 | 053 |4.04|365|326| 324 | 292| 261 | 331 | 299 | 267
Table 8: Peak runoff values from watersheds of Burhagosain hill
Watershed area
(sqm) Composite C for Rainfall intensity Peak Q (m3/s) in Peak Q (m3/s) in
Bas- the year (x10°° m/s) for RP 2011 for RP 2015 for RP
in 100 100 | 50 25 100 | 50 25
ID 2011 | 2015 | 2025 | yr 50yr | 25yr | yr yr yr yr yr yr
6976.47
1 0.39 | 043 | 047 9.05 8.18 7.31 | 0.24 | 0.22 | 0.20 | 0.27 | 0.25 | 0.22
2616.17
2 030 | 032 | 030 | 17.55 | 15.86 | 14.17 | 0.14 | 0.12 | 0.11 | 0.15 | 0.13 | 0.12
142145.44
3 0.26 | 0.27 | 0.29 4.09 3.70 330 | 1.53 | 1.38 | 1.24 | 1.58 | 1.42 | 1.27
102902.84
4 0.27 | 0.28 | 0.29 4.41 3.99 3,56 | 1.22 | 1.10 | 0.99 | 1.26 | 1.13 | 1.01
117727.82
5 0.28 | 0.29 | 0.32 4.29 3.87 346 | 143 | 1.29 | 1.15 | 146 | 1.32 | 1.18
23545.56
6 0.34 | 036 | 0.35 6.35 5.74 5.12 | 0.50 | 0.46 | 0.41 | 0.53 | 0.48 | 0.43
22673.52
7 0.28 | 0.29 | 0.28 6.16 5.56 497 | 038 | 0.35 | 0.31 | 0.41 | 0.37 | 0.33
48835.23
8 041 | 043 | 043 6.31 5.70 5.09 | 1.25 | 1.13 | 1.01 | 1.33 | 1.20 | 1.07
1744.12
9 0.34 | 0.34 | 0.34 | 10.69 9.65 8.62 | 0.06 | 0.06 | 0.05 | 0.06 | 0.06 | 0.05
2616.18
10 0.34 | 0.34 | 0.34 | 21.15 | 19.10 | 17.06 | 0.19 | 0.17 | 0.15 | 0.19 | 0.17 | 0.15
174411
11 0.28 | 0.28 | 0.28 | 20.59 | 18.60 | 16.61 | 0.10 | 0.09 | 0.08 | 0.10 | 0.09 | 0.08
174411
12 0.30 | 0.30 | 0.30 | 53.82 | 48.62 | 43.43 | 0.28 | 0.25 | 0.23 | 0.28 | 0.25 | 0.23
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2616.18

13 0.30 | 0.30 | 0.30 | 20.50 | 18.52 | 16.55 | 0.16 | 0.15 | 0.13 | 0.16 | 0.15 | 0.13
16569.09

14 030 | 031 | 0.30 7.80 7.05 6.30 | 0.38 | 0.35 | 0.31 | 0.40 | 0.36 | 0.32
83717.56

15 0.39 | 042 | 0.49 4.58 4.14 3.69 | 1.50 | 1.36 | 1.21 | 1.60 | 1.44 | 1.29
40114.65

16 0.42 | 0.44 | 0.51 5.53 5.00 4.46 | 0.93 | 0.84 | 0.75 | 0.97 | 0.88 | 0.79
53195.53

17 034 | 036 | 041 5.70 5.15 460 | 1.02 | 0.92 | 0.82 | 1.08 | 0.98 | 0.87
8720.58

18 035 | 045 | 0.72 | 11.52 | 10.40 9.29 | 0.36 | 0.32 | 0.29 | 0.45 | 0.41 | 0.37
20057.34

19 036 | 039 | 0.44 6.24 5.63 5.03 | 045 | 041 | 0.37 | 0.49 | 0.44 | 0.39
190980.67

20 0.27 | 0.27 | 0.27 3.54 3.19 2.85 | 182 | 165 | 1.47 | 1.82 | 1.65 | 1.47
3488.23

21 0.46 | 0.46 | 0.46 | 15.15 | 13.69 | 12.23 | 0.24 | 0.22 | 0.19 | 0.24 | 0.22 | 0.20
118599.88

22 0.46 | 0.46 | 0.47 4.07 3.68 3.28 | 220 | 1.99 | 1.77 | 2.24 | 2.02 | 1.81
9592.63

23 035 | 035 | 0.39 5.08 4.59 410 | 0.17 | 0.15 | 0.14 | 0.17 | 0.15 | 0.14
425564.26

24 0.25 | 0.26 | 0.27 2.47 2.23 199 | 267 | 242 | 2.16 | 2.72 | 2.46 | 2.19
347951.09

25 034 | 035| 034 3.44 3.11 2.78 | 407 | 3.68 | 3.29 | 413 | 3.73 | 3.33
660147.88

26 0.30 | 030 | 0.30 2.58 2.33 2.08 | 5.04 | 4.56 | 4.07 | 5.06 | 4.57 | 4.09
1279308.91

27 0.27 | 0.27 | 0.30 1.65 1.49 133 (794 | 7.17 | 6.41 | 799 | 7.22 | 6.45
8720.58

28 0.18 | 0.18 | 0.18 9.85 8.90 7.95 | 015 | 0.14 | 0.12 | 0.16 | 0.14 | 0.13
5232.34

29 0.29 | 0.29 | 0.34 9.29 8.39 7.50 | 0.14 | 0.13 | 0.11 | 0.14 | 0.13 | 0.11
48835.25

30 0.27 | 0.27 | 041 5.23 4.72 4.22 | 0.68 | 0.61 | 0.55 | 0.69 | 0.62 | 0.56
38370.54

31 0.41 | 043 | 0.6 4.42 4.00 3.57 | 0.70 | 0.63 | 0.56 | 0.73 | 0.66 | 0.59
33138.22

32 031] 031 031 5.13 4.63 4.14 | 0.53 | 048 | 0.43 | 0.53 | 0.48 | 0.43
85461.68

33 0.40 | 0.40 | 0.46 4.15 3.75 335|141 | 128 | 114 | 142 | 129 | 1.15
174412

34 039 | 039 | 039 | 16.25 | 14.68 | 13.11 | 0.11 | 0.10 | 0.09 | 0.11 | 0.10 | 0.09
13952.93

35 0.36 | 0.36 | 0.36 7.48 6.76 6.04 | 0.38 | 0.34 | 0.31 | 0.38 | 0.34 | 0.31

Table 9: Peak runoff values from watersheds of Khanapara and Koinadhara hill

Watershed area . . . . . .
(sq m) Composite C for Rainfall intensity Peak Q (m3/s) in Peak Q (m3/s) in
Bas- the year (x10°° m/s) for RP 2011 for RP 2015 for RP
in 100 | 50 25 100 100
ID 2011 | 2015 | 2025 | yr yr yr yr 50yr | 25yr | yr 50yr | 25yr
1918527.39
1 033 | 034 | 044 | 155|140 | 125 | 16.78 | 15.16 | 13.54 | 16.92 | 15.29 | 13.65
4441390.87
2 0.26 | 0.27 | 0.30 | 1.22 | 1.10 | 0.98 | 29.08 | 26.27 | 23.47 | 29.33 | 26.50 | 23.67
1846146.59
3 033 | 033 | 040 | 169 | 1.53 | 1.37 | 14.80 | 13.37 | 11.94 | 15.10 | 13.64 | 12.18
445621.57
4 037 037 | 039|197 | 178|159 | 329 | 297 | 266 | 329 | 297 | 266
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6377359.42
5 032 | 032 | 0.34 | 095|086 | 0.77 | 59.40 | 53.66 | 47.94 | 59.56 | 53.80 | 48.06
6982567.57
6 035| 035 036|112 | 101|090 | 77.18 | 69.73 | 62.29 | 78.78 | 71.17 | 63.57
3385328.73
7 0.27 | 027 | 0.28 | 1.67 | 1.51 | 1.34 | 30.62 | 27.66 | 24.71 | 30.91 | 27.92 | 24.94
Table 10: Peak runoff values from watersheds of Garbhanga hill
Watershed area (sq i . . i
m) Composite C for the | Rainfall intensity | Peak Q (m3/s) Peak Q (m3/s)
year (x10"° m/s) for RP | in 2011 for RP in 2015 for RP
Bas-in 100 | 50 25 100 | 50 | 25 | 100 | 50 | 25
ID 2011 | 2015 | 2025 | yr yr yr yr |yr |yr |yr |yr |yr
7,21,99,417.51
0.248 | 0.249 | 0.251 | 3.09 | 2.79 | 2.49 | 769 | 695 | 621 | 776 | 701 | 626
Table 11: Peak runoff values from watersheds of Kamakhya hill
Watershed area Composite C for Rainfall intensity Peak Q (m3/s) in Peak Q (m3/s) in
Bas (sq m) the year (x10°° m/s) for RP 2011 for RP 2015 for RP
in 100 | 50 25 100 25 100 25
ID 2011 | 2015 | 2025 | yr yr yr yr 50yr | yr yr 50yr | yr
6104.42
1 0.04 | 0.04 | 0.04 | 2.73 | 2.46 | 2.20 0.01 0.01 | 0.01 0.01 0.01 | 0.01
338358.46
2 0.19 | 0.19 | 0.22 | 2.48 | 2.24 | 2.00 1.55 1.40 | 1.25 1.55 140 | 1.25
6104.42
3 0.06 | 0.06 | 0.09 | 6.49 | 5.86 | 5.24 0.02 0.02 | 0.02 0.02 0.02 | 0.02
6104.40
4 0.07 | 0.07 | 0.10 | 6.38 | 5.76 | 5.15 0.03 0.02 | 0.02 0.03 0.02 | 0.02
6104.40
5 0.10 | 0.10 | 0.17 | 6.12 | 5.53 | 4.94 0.04 0.03 | 0.03 0.04 0.03 | 0.03
6104.40
6 0.13 | 013 | 0.29 | 7.13 | 6.44 | 5.75 0.06 0.05 | 0.05 0.06 0.05 | 0.05
6976.46
7 0.10 | 0.10 | 0.13 | 5.81 | 5.25 | 4.69 0.04 0.04 | 0.03 0.04 0.04 | 0.03
18313.22
8 0.18 | 0.18 | 0.36 | 4.59 | 4.14 | 3.70 0.15 0.13 | 0.12 0.15 0.13 | 0.12
8720.58
9 0.16 | 0.16 | 0.36 | 6.40 | 5.78 | 5.16 0.09 0.08 | 0.07 0.09 0.08 | 0.07
47963.21
10 0.22 | 0.22 | 0.26 | 3.36 | 3.04 | 2.72 0.36 0.32 | 0.29 0.36 0.32 | 0.29
12208.80
11 0.20 | 0.20 | 0.32 | 7.09 | 6.40 | 5.72 0.17 0.16 | 0.14 0.17 0.16 | 0.14
13952.93
12 0.20 | 0.20 | 0.39 | 5.69 | 5.14 | 4.59 0.16 0.14 | 0.13 0.16 0.14 | 0.13
132552.79
13 0.23 | 0.23 | 0.31 | 2.63 | 2.38 | 2.12 0.79 0.71 | 0.63 0.79 0.71 | 0.63
6104.42
14 0.02 | 0.02 | 0.02 | 2.80 | 2.53 | 2.26 0.00 0.00 | 0.00 0.00 0.00 | 0.00
6104.40
15 0.07 | 0.07 | 0.07 | 2.70 | 2.44 | 2.18 0.01 0.01 | 0.01 0.01 0.01 | 0.01
6104.40
16 0.07 | 0.07 | 0.08 | 5.89 | 5.32 | 4.75 0.02 0.02 | 0.02 0.02 0.02 | 0.02
6104.40
17 0.06 | 0.06 | 0.10 | 5.96 | 5.38 | 4.81 0.02 0.02 | 0.02 0.02 0.02 | 0.02
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6104.40

18 0.05 | 0.05| 0.08 | 6.05 | 547 | 4.89 0.02 0.02 | 0.02 0.02 | 0.02 | 0.02
6104.42

19 0.04 | 0.04 | 0.04 | 6.51 | 5.88 | 5.25 0.02 0.01 | 0.01 0.02 | 0.01 | 0.01
6104.40

20 0.10 | 0.10 | 0.18 | 6.71 | 6.06 | 5.42 0.04 0.04 | 0.03 0.04 | 0.04 | 0.03
6104.40

21 0.15| 0.15 | 0.19 | 5.77 | 5.22 | 4.66 0.05 0.05 | 0.04 | 0.05| 0.05 | 0.04
6104.41

22 0.24 | 0.24 | 0.24 | 7.21 | 6.51 | 5.82 0.10 0.09 | 0.08 | 0.10 | 0.09 | 0.08
6104.42

23 0.13 ] 0.13 | 0.13 | 5.73 | 5.17 | 4.62 0.04 0.04 | 0.04 | 0.04 | 0.04 | 0.04
6976.47

24 032 | 032 | 0.32 | 546 | 493 | 4.40 0.12 0.11 | 0.10 | 0.12 | 0.11 | 0.10
634858.11

25 0.17 ] 0.17 | 0.21 | 1.20 | 1.08 | 0.96 1.30 1.17 | 1.05 1.32 1.19 | 1.07
6104.40

26 037 ] 037 ) 049 | 833 | 7.53 | 6.72 0.19 0.17 | 0.15 0.19 | 0.17 | 0.15
6104.41

27 037 ] 037 | 039 | 637|575 | 5.14 0.14 0.13 | 0.12 0.14 | 0.13 | 0.12
51451.40

28 0.24 | 0.24 | 0.27 | 293 | 2.65 | 2.36 0.36 032|029 | 036 | 033 | 0.29
383705.48

29 045 | 045 | 047 | 190 | 1.71 | 1.53 3.24 2.93 | 2.61 3.29 2.97 | 2.66
20057.33

30 0.19 | 0.19 | 0.22 | 3.21 | 2.90 | 2.59 0.12 0.11 | 0.10 | 0.12 | 0.11 | 0.10
12208.82

31 0.20 | 0.20 | 0.20 | 4.08 | 3.69 | 3.29 0.10 0.09 | 0.08 | 0.10 | 0.09 | 0.08
14824.98

32 0.20 | 0.23 | 0.20 | 3.67 | 3.31 | 2.96 0.11 0.10 | 009 | 0.12 | 0.11 | 0.10
80229.33

33 032 ) 032 | 035|298 ] 2.69 | 2.40 0.75 0.68 | 0.61 0.76 | 0.69 | 0.62
23545.56

34 0.17 | 0.17 | 0.19 | 295 | 2.66 | 2.38 0.12 0.11 | 0.10 | 0.12 | 0.11 | 0.10
20057.32

35 0.50 | 0.50 | 0.51 | 5.46 | 4.93 | 4.40 0.55 0.49 | 044 | 055 | 049 | 0.44
7848.52

36 047 | 047 | 049 | 6.82 | 6.16 | 5.50 0.25 0.23 | 020 | 0.25 | 0.23 | 0.20
9592.63

37 0.44 | 044 | 0.50 | 5.89 | 5.32 | 4.75 0.25 0.22 | 0.20 | 0.25 | 0.23 | 0.20
15697.04

38 041 ] 041 | 045 | 542 | 490 | 4.38 0.35 032 | 028 | 035 | 0.32 | 0.28
6976.46

39 041 ] 041 | 041 | 572 | 5.17 | 4.61 0.16 0.15 | 0.13 0.16 | 0.15] 0.13
38370.55

40 041 ] 041 | 042 | 437 | 3.95 | 3.53 0.68 0.62 | 0.55 0.69 | 0.62 | 0.56
8720.60

41 0.45 | 045 | 045 | 534|482 | 431 0.21 0.19 | 0.17 | 0.21 | 0.19 | 0.17
6104.40

42 0.58 | 0.58 | 0.62 | 9.92 | 8.96 | 8.00 0.35 032|028 | 035] 0.32]0.28
36626.45

43 043 | 043 | 043 | 3.04 | 2.75 | 2.45 0.48 043 | 038 | 048 | 0.43 ] 0.39
125576.31

44 035 | 035 | 035 | 3.01 | 2.72 | 243 1.33 1.20 | 1.07 1.34 1.21 | 1.08
6104.40

45 059 | 061 | 059 | 891 | 8.05 | 7.19 0.32 0.29 | 0.26 | 0.33 | 0.30 | 0.27
6104.41

46 055 ] 055 | 055 | 6.42 | 5.80 | 5.18 0.21 0.19 017 | 021 | 0.19 | 0.17
470000.00

47 043 | 043 | 043|112 | 101|090 | 11.11 | 10.03 | 8.96 | 11.32 | 10.22 | 9.13
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247664.45

48 042 | 043 | 043 ]| 217 | 196 | 1.75 2.26 2.04 | 1.82 2.29 2.07 | 1.85
6104.41

49 0.62 | 0.65 | 0.62 | 8.86 | 8.01 | 7.15 0.34 0.30 | 0.27 0.35 0.32 | 0.28
6104.40

50 031 | 032 | 031|750 | 6.77 | 6.05 0.14 0.13 | 0.12 0.14 | 0.13 | 0.12
35754.38

51 043 | 047 | 0.43 | 3.88 | 3.51 | 3.13 0.60 0.54 | 0.49 0.66 0.59 | 0.53
28777.92

52 038 | 042 | 038 | 415 | 3.75 | 3.35 0.45 0.41 | 0.37 0.50 | 0.45 | 041
7848.51

53 0.38 | 038 | 0.38 | 5.73 | 5.18 | 4.62 0.17 0.16 | 0.14 0.17 0.16 | 0.14
6976.46

54 043 | 043 | 043 | 6.32 | 571 | 5.10 0.19 0.17 | 0.15 0.19 0.17 | 0.15
14824.98

55 0.43 | 045 | 0.43 | 555 | 5.01 | 4.48 0.36 0.32 | 0.29 0.37 0.34 | 0.30
45347.01

56 0.47 ) 047 | 047 | 3.68 | 3.33 | 2.97 0.79 0.71 | 0.64 0.79 0.71 | 0.64
8720.58

57 0.47 | 047 | 047 | 530 | 4.79 | 4.28 0.22 0.20 | 0.17 0.22 0.20 | 0.17
224990.95

58 053 | 053 | 053 | 1.26 | 1.14 | 1.02 1.49 135 | 1.21 1.49 135 | 1.21
84589.62

59 051 ] 052 | 0.51 | 3.19 | 2.88 | 2.57 1.39 1.25 | 1.12 1.39 1.26 | 1.12
37498.49

60 0.54 | 054 | 0.54 | 4.02 | 3.63 | 3.25 0.81 0.73 | 0.65 0.82 0.74 | 0.66
397658.41

61 048 | 049 | 048 | 1.38 | 1.24 | 1.11 2.60 2.35 | 2.10 2.67 241 | 2.15
299115.86

62 056 | 057 | 057 | 1.58 | 143 | 1.27 2.67 2.41 | 2.15 2.70 244 | 2.18
212782.13

63 053] 053 ) 053|177 ] 160 | 1.43 1.99 1.79 | 1.60 1.99 1.80 | 1.61

Table 12: Peak runoff values from watersheds of Kahilipara hill

Watershed area

(sq m) Composite C for Rainfall intensity Peak Q (m3/s) in Peak Q (m3/s) in

Bas- the year (x10°° m/s) for RP 2011 for RP 2015 for RP

in 100 | 50 25 100 100

ID 2011 | 2015 | 2025 | yr yr yr yr 50yr | 25yr | yr 50yr | 25yr
95926.38

1 054 | 054 | 055|497 | 449|401 | 257 | 232 | 207 | 258 | 233 | 209
232839.48

2 046 | 046 | 047 | 343 | 310|277 | 366 | 330 | 295| 366 | 331 | 296
347079.03

3 038 | 038 | 042 359|324 |29 | 470 | 425| 380 | 478 | 432 | 3.86
348823.14

4 040 | 041 | 044 | 332 | 300|268 | 467 | 422 | 377 | 474 | 428 | 3.82
268593.84

5 0.36 | 036 | 038 | 3.65 | 329|294 | 355 | 321 | 287 | 356 | 322 | 287
61916.10

6 045 | 045 | 051 | 468 | 423|378 | 130 | 117 | 105| 131 | 118 | 105
102902.81

7 052 | 052 | 054 410|370 (331 | 218 | 197 | 176 | 220 | 199 | 178
79357.27

8 049 | 049 | 057 | 505 | 456|408 | 195 | 176 | 158 | 195| 176 | 158
34010.25

9 047 | 047 | 049 | 590 | 533|476 | 094 | 08 | 076 | 094 | 085 | 0.76
170923.36

10 044 | 044 | 051 | 492 | 445|397 | 368 | 333 | 297 | 373 | 337 | 301
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24417.62

11 0.60 | 0.60 | 0.63 | 546 | 493 | 441 | 080 | 072 | 0.64 | 080 | 0.72| 0.64
420331.91

12 032 | 034 | 034|344 | 311 (277 | 469 | 424 | 379 | 492 | 445 | 397
47963.20

13 059 | 059 | 060 | 503 | 454|406 | 142 | 128 | 114 | 142 | 128 | 114
64532.29

14 058 | 0.61| 0.63 | 568 | 5.13 | 458 | 214 | 193 | 173 | 223 | 201 | 1.80
104646.95

15 046 | 046 | 048 | 458 | 414 (370 | 222 | 200 | 179 | 222 | 201| 179
96798.42

16 043 | 045 | 047 | 390 | 352|314 | 163 | 147 | 132 | 168 | 152 | 135
34010.25

17 058 | 058 | 0.62 | 476 | 430 | 3.84 | 093 | 084 | 0.75| 094 | 085 | 0.76
167435.12

18 040 | 041 | 041 | 348 | 314|281 | 234 | 212 | 189 | 239 | 216 | 193
132552.81

19 051 | 052 | 054 | 4.06 | 3.67 | 327 | 277 | 250 | 223 | 278 | 251 | 225
105518.99

20 055 | 055 | 058 |4.27 | 3.86 | 345 | 247 | 223 | 199 | 247 | 223 | 200
244176.23

21 051 ) 051 | 051 (348|314 |281| 435 | 393 | 351 | 436 | 394 | 352
115983.69

22 047 | 048 | 050 | 551 | 498 | 445 | 299 | 270 | 241 | 3.05| 275 | 246
102030.76

23 050 | 051 | 053 (433|391 |350 | 223 | 201 | 180 | 225 | 204 | 182
129936.63

24 037 ) 038 | 03939 | 358|319 | 192 | 173 | 155| 194 | 176 | 157
11336.76

25 045 | 045 | 045 | 6.05 | 547 | 488 | 031 | 028 | 025| 031 | 028 | 0.25
61044.06

26 056 | 057 | 059|478 | 432|386 | 165| 149 | 133 | 166 | 150 | 134
67148.46

27 057 | 057 | 057 499 | 451|403 | 191 | 172 | 154 | 191 | 172 | 154
74124.92

28 044 | 045 | 046 | 519 | 468 | 418 | 168 | 151 | 135| 172 | 156 | 1.39
23545.56

29 066 | 0.66 | 066 | 771 | 697 | 622 | 121 | 109 | 097 | 121 | 109 | 0.97
68892.57

30 058 | 059 | 061 544|491 |439| 218 | 197 | 176 | 220 | 198 | 177
497073.00

31 041 | 042 | 045 | 225|203 182 | 462 | 417 | 3.73 | 467 | 422 | 3.77
16569.11

32 0.60 | 0.61 | 0.60 | 6.20 | 560 | 501 | 062 | 056 | 050 | 0.62 | 0.56 | 0.50
22673.51

33 0.57 | 057 | 057 599|541 |483| 077 | 070 | 062 | 0.77 | 0.70 | 0.62
24417.62

34 0.62 | 063 | 063 | 654 | 591 (528 | 098 | 089 | 079 | 1.01| 091 | 0.82
131680.73

35 047 | 048 | 049|421 | 380|340 | 262 | 237 | 211 | 265 | 239 | 214
1796439.27

36 041 042 | 045|189 | 1.71 | 1.53 | 13.88 | 17.87 | 15.96 | 20.31 | 18.35 | 16.39
186620.38

37 057 | 058 | 058 | 353|319 (28| 376 | 339 | 303 | 379 | 342 | 3.06
195340.96

38 061 | 061 | 061 | 357 | 3.22 | 288 | 426 | 3.85| 344 | 428 | 3.87 | 345
344462.87

39 054 | 055 | 054 | 285|258 230 | 529 | 478 | 427 | 537 | 485 | 433
1108385.57

40 033 034 | 039|223 202|180 | 823 | 930 | 831 | 1057 | 955 | 853
205805.66

41 041 | 042 | 044 | 321 | 290 | 259 | 274 | 247 | 221 | 279 | 252 | 225
42730.85

42 051 | 051 | 053|557 (503 (45 | 120 1.09| 097 | 120 | 1.09| 0.97
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86333.74
43 048 | 048 | 049 | 432|390 |349| 180 | 1.63| 145 | 1.81| 163 | 1.46
43602.89
44 049 | 049 | 051|470 | 425|379 | 101 | 091 | 081 | 1.01| 092 | 0.82
248536.48
45 0.46 | 0.46 | 047 | 342 |3.09 | 276 | 393 | 355| 317 | 3.94| 356 | 3.8
42730.83
46 058 | 058 | 058|586 529|473 | 144 | 1.30| 116 | 145| 131 | 117
20057.32
47 0.65 | 0.65| 0.65|6.61 | 597 |533| 086 | 078 | 069 | 087 | 078 | 0.70
20057.34
48 0.58 | 0.58 | 0.58 | 6.53 | 5.90 | 527 | 075 | 0.68| 061 | 076 | 068 | 0.61
Table 13: Peak runoff values from watersheds of Betkuchi hill
Watershed area . . . . . .
(sq m) Composite C for Rainfall intensity Peak Q (m3/s)in | Peak Q (m3/s)in
Bas- the year (x10°° m/s) for RP 2011 for RP 2015 for RP
in 100 100 |50 |25 |100 |50 |25
ID 2011 | 2015 | 2025 | yr 50yr | 25yr | yr yr yr yr yr yr
153482.20
1 047 | 047 | 048 | 350 | 3.16 | 2.83 | 253|229 | 2.04 | 255 | 2.30 | 2.05
53195.53
2 0.46 | 048 | 050 | 454 | 410 | 3.66 | 1.12 | 1.01 | 0.90 | 1.17 | 1.06 | 0.94
9592.63
3 036 | 040 | 044 | 954 | 862 | 7.70 | 0.33 | 0.30 | 0.26 | 0.37 | 0.33 | 0.30
6976.47
4 0.45 | 0.46 | 052 | 1059 | 9.57 | 854 | 0.33 | 0.30 | 0.27 | 0.34 | 0.31 | 0.28
10464.69
5 036 | 037 | 045 | 7.53| 6.80| 6.07 | 0.29 | 0.26 | 0.23 | 0.29 | 0.26 | 0.24
4360.29
6 037 | 0.39 | 045 | 11.76 | 10.63 | 9.49 | 0.19 | 0.17 | 0.15 | 0.20 | 0.18 | 0.16
4360.30
7 027 | 029 | 0.34 | 13.21 | 11.93 | 10.66 | 0.16 | 0.14 | 0.13 | 0.16 | 0.15 | 0.13
6104.40
8 033 | 0.41 | 0.39 | 1254 | 11.33 | 10.12 | 0.26 | 0.23 | 0.21 | 0.32 | 0.29 | 0.26
4360.29
9 034 | 0.38 | 0.34 | 11.10 | 10.03 | 896 | 0.17 | 0.15 | 0.13 | 0.18 | 0.16 | 0.15
8720.59
10 030 | 0.32 | 044 | 11.54 | 10.43 | 9.31 | 0.30 | 0.27 | 0.24 | 0.32 | 0.29 | 0.26
136913.09
11 040 | 040 | 041 | 462 | 417 | 3.73 | 250 | 2.26 | 2.02 | 2.53 | 2.28 | 2.04
1744.11
12 0.50 | 0.53 | 0.50 | 24.72 | 22.33 | 19.95 | 0.21 | 0.19 | 0.17 | 0.23 | 0.21 | 0.18
34882.32
13 042 | 042 | 042 | 588 | 531 | 475|086 |0.77 | 0.69 | 0.86 | 0.78 | 0.70
49707.29
14 042 | 043 | 043 | 6.08| 550 | 491 |1.28|1.16 | 1.04 | 1.29 | 1.17 | 1.04
73252.86
15 024 | 024 | 026 | 555 | 5.02| 448|098 |0.88 |0.79 | 0.98 | 0.89 | 0.79
34010.26
16 015 | 0.16 | 0.16 | 6.64 | 6.00 | 536 | 0.34 | 031 | 0.28 | 0.37 | 0.34 | 0.30

Table 14: Peak runoff values from watersheds of Chunsali hill

Bas-

ID

Watershed area
(sqm)

Composite C for Rainfall intensity Peak Q (m3/s) in Peak Q (m3/s) in
the year (x10°° m/s) for RP 2011 for RP 2015 for RP
100 | 50 25 100 100
2011 | 2015 | 2025 | yr yr yr yr 50yr | 25yr | yr 50yr | 25yr




Page |46

135168.96

1 012 | 012 | 0.18 | 3.02 | 272 | 243 | 050 | 045 | 040 | 050 | 045 | 0.40
923509.33

2 020 | 021 | 026 | 253 | 2.28 | 204 | 567 | 512 | 458 | 583 | 527 | 4.70
197957.14

3 022 | 022 | 024 | 3.04 |274|245| 131 | 118 | 105| 131 | 119 | 106
782235.93

4 019 | 020 | 026 | 224 | 202 | 1.81 | 339 | 3.06 | 274 | 345 | 312 | 278
268593.83

5 028 | 029 | 030|312 282|252 | 232| 209 | 187 | 243 | 219 | 196
256385.00

6 021] 021 | 021|358 |323|289| 19 | 171 | 153 | 190 | 171 | 153
1854867.15

7 023 | 024 030|190 (172|153 | 1198|1083 | 9.67 | 12.02 | 10.86 | 9.70
89821.98

8 025| 027 | 044 | 6.04 | 546 | 488 | 138 | 124 | 111 | 144 | 130 | 116
201445.36

9 0.36 | 038 | 036 | 3.60 | 3.25 | 290 | 263 | 238 | 212 | 279 | 252 | 225
1025540.09

10 024) 025 027|217 | 196 | 175 | 627 | 567 | 506 | 643 | 581 | 519
200573.31

11 031) 034 | 031|409 |370|330| 256 | 232 | 207 | 276 | 249 | 223
80229.33

12 021] 021 | 028 | 559 | 505|451 | 092 | 083 | 074 | 095 | 086 | 0.76
140401.32

13 033 034 | 034|401 |362|324| 187 | 169 | 151 | 191 | 172 | 154
2033639.04

14 034 ] 036 | 035|179 | 1.62 | 1.45| 20.92 | 1890 | 16.88 | 21.91 | 19.79 | 17.68
258129.16

15 054 | 054 | 055|295 | 266|238 | 411 | 371 | 331 | 411 | 372 | 332
243304.16

16 038 | 038 | 040 | 455 | 411|367 | 418 | 3.77| 337 | 419 | 379 | 3.39
103774.89

17 057 | 058 | 058 312 | 282|252 | 18 | 167 | 149 | 187 | 169 | 151
125576.33

18 049 | 051 | 057 | 361|326 (291 | 221 | 199 | 178 | 230 | 207 | 1.85
91566.07

19 054 | 054 | 055 (391|353 |315| 195 176 | 157 | 195| 176 | 157
166563.05

20 032) 033 | 03239 | 358|320 214 | 193 | 173 | 217 | 19 | 175
115983.70

21 032 | 033 | 033|459 415 (370 | 170 | 154 | 137 | 175| 158 | 141
158714.54

22 034 ) 035| 034 (390 |353|315| 211 | 191 | 171 | 218 | 197 | 176
102902.83

23 033 034 | 036|510 | 461|412 | 175 | 158 | 141 | 178 | 161 | 144
447365.68

24 034 | 035| 040 | 284 | 257 | 229 | 432 | 3.90 | 349 | 442 | 399 | 357
349695.21

25 029 | 030 | 032|257 | 232|207 | 263 | 237 | 212 | 265| 239 | 214
94182.25

26 038 | 038 | 041 | 442|399 (35 | 158 | 143 | 127 | 159 | 144 | 1.28
119471.93

27 031 032| 032|412 372|333 | 154 | 139 | 124 | 160 | 144 | 1.29

Fig. 18 and Fig. 19 show the sum of peak runoffs with respect to 25 year return period
and average increase in peak runoff in 2015 coming from watersheds of individual hills
of Guwahati city. It is found that in contrast to the highest runoff generation, Garbhanga
hill (Hill ID 10) is having the least increment in peak runoff among all the hills from
2011 to 2015. This is because only 2% area of Garbhanga hill watershed is lying under
GMCA and urban settlement has been increased in that portion only. LULC change in
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the remaining part of the watershed is very little from 2011 to 2015. From 2011 to 2015
there is an average 2% increase in peak runoff from watersheds of hills of Guwabhati city.
Based on the amount of peak runoff generated, the watersheds of hills of Guwahati city
are categorised in 8 classes. These are shown in Table 15. Accordingly Fig. 20 shows
watershed wise peak runoff class maps of hills of Guwahati city for the year 2015. These
will also help to identify the watersheds of hills requiring watershed management plan in
order to minimize peak runoff. From these watershed class maps, it is clear that most
areas of hills of Guwabhati city are the parts of watersheds of Class Ill. Class IV and Class
V watersheds are also there, but in limited cases. It is found that small watersheds of hills
of Guwabhati city are mainly belonging to Class | and Il. On the contrary, number
of Class VIII watershed is only one. That is the Garbhanga hill watershed having the
largest drainage area.

00 Peak discharge of 25 year return period from hills
7 -

600 -
500 -

400 -

300 - m 2011

Q (m3/s)

m 2015
200 -

100 -+

1 2 3 4 5 6 7 8 10 11 12 13 14 9_15
Hill ID

Fig. 18: Peak runoffs of 25 year return period coming from the hills of Guwahati city for
the years 2011 and 2015
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14 915
Hill ID

Fig. 19: Average increase in peak runoff values from 15 hills of Guwahati city in 2015
with respect to those in 2011

Table 15: Classification of watersheds of hills of Guwahati city based on peak runoff

generation

Peak Runoff Class of Assigned colour in
(m?fs) watersheds map

0-0.5 Class | [
0.5-1 Class Il [

1-5 Class 11 [
5-15 Class IV [
15-30 Class V

30-50 Class VI [
50-80 Class VII [

>80 Class VI [
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Fig. 20: Watershed wise peak runoff class maps of hills of Guwabhati city (~: Watershed
boundary)
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3. Soil loss calculation from hills of Guwahati city
3.1 INTRODUCTION TO RUSLE

For this purpose 'Revised Universal Soil Loss Equation' (RUSLE), one of the most widely
used empirical soil loss estimation model has been used. The basic equation of RUSLE
model is expressed as-

A=R*K*LS*C*P

Where, A is the average annual soil loss per unit area (tons/ha™); R is the rainfall-runoff
erosivity factor (MJ mm ha™ h'year™); K is the soil erodibility factor (ton h MJ* mm™); L is
the slope length factor; S is the slope steepness factor; C is the cover and management factor;
P is the support and conservation practices factor. Sarma et al. (2005) conducted a study on
the rainfall erosivity factor R for Guwahati city and found it as 9259 MJ.mm ha™* h™year™
However, by using 2 years of hourly rainfall data recorded in the period 2003-2004 the R
factor value for Guwahati city is found as 4631.14 MJ mm ha™ h™ year™. That means R factor
given by Sarma et al. (2005) is two times the R factor calculated by using 2 years of hourly
rainfall data. The maximum value of daily rainfall recorded in the period 2003-2004 is 90.25
mm which is almost equal to daily rainfall with 2 years of return period (92 mm) obtained
from frequency analysis of 43 years of daily rainfall data of Guwahati city. On the other
hand, it is found that daily rainfall with 50 years return period is 183 mm which is
approximately two times of 90.25 mm. Therefore, on this basis, if we consider the R factor
value equal to 4631.14 MJ mm ha* h™' year™as a value with 2 year return period, R factor
value equal to 9259 MJ.mm ha™ h™year” can be taken as a 50 year return period value. K
factor value has been taken based on the soil type of the watershed obtained from soil map of
Guwahati city available in Assam Remote Sensing Application Centre (ARSAC). The slope
length and slope steepness factor LS is derived with the help of DEM by using ArcGIS
software. On the other hand, the cover management factor for the various land cover is
considered based on available literature (Sarma 2011; Gelagay and Minale 2016) and are
given in Table 16. The P factor value is taken as 1 since no support practices are found in the
watershed.

Table 16: RUSLE cover management factor values for different land cover.

Land cover C factor
Bare soil 1

Forest 0.01
Scrub land 0.014
Marshy land 0

Water bodies 0

Urban settlement 0.4

3.2HILL CUT FACTOR

One important point is that through field survey done in this watershed it is found that there
exist several steep hill cuts done by the inhabiting people in the hill. The average slope of the
100 numbers of hill cuts surveyed in the watershed is 70° which are quite steep. Out of the



Page |57

total area of these hill cuts, average 1% area is protected by retaining wall, 39% area are
covered by grass, trees or creepers and the remaining 60% area are exposed or bared. Due to
the steep gradient, these hill cuts are rarely visible in the ortho rectified satellite image
resulting in under estimation of soil loss. So in order to take account of these steep hill cut, a
new factor called "hill cut factor" (Hf) has been introduced here. This hill cut factor is
employed to the cover management factor of urban settlement area of hill. Mathematical
expression of the "Hill cut factor is-

sinf

f_sinﬁcose—cosﬁsine

Where, 0= average slope of the hill
B= Average slope of hill cut

This hill cut factor is employed to the cover management factor of urban settlement area of
hill and it can be expressed as-

a b c
—*C1+E*C2+E*C3 *Hf+Cg

Ch, =
=" 00

where Cy, is the cover management factor of urban settlement area of hill and Cgy is the
general cover management factor for urban settlement=0.4.

3.3 SEDIMENT LOSS CALCULATION

Finally, raster map of all the factors of RUSLE are prepared and multiplied in ArcGIS
software. Maps of soil loss rate (in ton ha™* year™) are obtained for all the hills with respect to
the two rainfall erosivity factors. An average rate of soil loss is calculated for every
watershed of hills of Guwahati city by taking the arithmetic mean of the pixels values of all
the raster maps of soil loss rate. Hill wise average rate (t ha™ year™) and total amount of soil
loss (t year™) from watersheds for the years 2011 and 2015 are given respectively in Table
17 and Table 18 for both R factors. Fig. 21 and Fig. 22 show hill wise average rate (t ha™
year™) and total amount of soil loss (t year™) from watersheds for the years 2011 and 2015
for both R factor value 9259 MJ mm ha® h™year™. It is observed that in response to the
highest amount of areas covered by watershed of Garbhanga hill (Hill ID 10), it is producing
the highest amount of soil loss among all the 15 hills of Guwahati city. Next to this,
combined watersheds of Khanapara and Koinadhara hills (Combined Hill ID 9_15) and
Fatasil hill (Hill ID 2) are producing the highest amount of soil loss. From 2011 to 2015
there is an average 5.34% increase in soil loss from the hills of Guwahati city.

Table 17: Hill wise average rate (t ha™ year™) of soil loss from watersheds for the years
2011 and 2015.

R=9259 R=4631.14
Hill (50 year RP) (2 year RP)

1D Hills 2011 ‘ 2015 2011 ‘ 2015




Average | Average | Average | Average
soil loss | soil loss | soil loss | soil loss
rate (t rate (t rate (t rate (t
ha-1 ha-1 ha-1 ha-1
year-1) year-1) year-1) year-1)
1 | University 75.29 83.00 37.659 41.513
2 | Fatasil 287.75 296.57 143.93 148.34
3 | Kalapahar 195.69 205.76 97.879 102.92
4 | Sonaighuli 280.06 291.78 140.08 145.94
5 | Sarania 344.62 360.39 172.37 180.26
6 | Kharguli 184.17 203.00 92.117 101.54
7 | Japorigog 236.12 247.37 118.1 123.73
8 | Burhagosain 150.56 160.74 75.305 80.397
10 | Garbhanga 135.930 | 136.465 67.989 68.257
11 | Kamakhya 244.28 254.20 122.18 127.15
12 | Kahilipara 326.92 335.10 163.52 167.61
13 | Betkuchi 191.52 219.19 95.794 109.64
14 | Chunsali 121.37 133.37 60.709 66.71
9+ Khanapara+
15 Koinadhara 196.08 205.33 98.073 102.7
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Table 18: Hill wise total soil loss (t year™) from watersheds for the years 2011 and 2015.

R=9259 R=4631.14
(50 yr RP) (2 yr RP)
2011 2015 2011 2015
Total Total Total Total
Hill soil loss | soil loss | soil loss | soil loss
1D Hills (tlyr) (t/yr) (t/yr) (t/yr)

1 | University 32273 34450 16142 17231

2 | Fatasil 529033 | 568722 | 264610 | 284462

3 | Kalapahar 55976 58471 27998 29246

4 | Sonaighuli 17009 18072 8508 9039

5 | Sarania 24426 25166 12217 12587

6 | Kharguli 229099 | 244577 | 114590 | 122332

7 | Japorigog 327721 | 352859 163919 | 176492

8 | Burhagosain 84872 89205 42451 44618

10 | Garbhanga 981409 | 985271 | 490878 | 492810

11 | Kamakhya 150329 | 156760 75191 78408

12 | Kahilipara 309098 | 320278 | 154604 | 160196

13 | Betkuchi 13509 13904 6757 6954

14 | Chunsali 128687 | 143941 64366 71996
9+ Khanapara+

15 Koinadhara 648633 | 675837 | 324431 | 338038
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Fig. 21: Total soil loss from watersheds of hills for R=9259 MJ mm ha™ h™ year™
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Fig. 22: Change in average rate of soil loss from hills in 2015 with respect to those in 2011

As per the soil loss classes given by Irvem et al. (2007), every pixel of the raster map of soil
loss rate of watersheds of hills of Guwabhati city in 2015 (for R=9259) has been classified.
Table 29 shows soil loss class and the resulted soil loss risk maps have been shown in Fig.
23.

Table 1: Classes of soil loss rates (Irvem et al. 2007)

Soil loss rate
(thatyr?h Class Assigned colour in map Average area (%)
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Fig. 23: Soil loss vulnerability maps for watersheds of hills of Guwabhati city in 2015 for both
R factor values. (—, : Watershed boundary)
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4. SUMMARY AND CONCLUSION

1. Considering need of management requirement hills of Guwahati have been
delineated into 612 watersheds.

2. Peak discharge has been calculated using Rational Method for the year 2011
and 2015 for return period of 100 years, 50 years and 25 years. Considering
farther development in the hill and considering impact of climate change use of
25 year return period is recommended. However, it depends on economic
consideration. For any clarification in this regards, for practical implementation of
any project, we may be contacted.

3. Sediment loss from the catchment has been calculated for 2 values of Rainfall
Erosivity factor (R). One represents high return period in the order of 50 years
and another for a return period in the order of 2 years. For practical purpose 2
year return period value can be used.

4. As the hill slopes are very steep and distance to foot hill is very less, delivery
factor has not been considered for this estimation of sediment loss.

5. For convenience of practical application, watersheds are divided into some
classes based on degree of degradation.
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