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Abstract

Dudhatoli watershed is mountain range of lesser Himalaya and is located in the middle of Garhwal and
Kumaon region. From this mountain range the three river originates Eastern Nayar, Western Nayar and Bino. These
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are of sixth order and provide water to study area. Thalisain is part of Pauri district and is the area of interest,
extended from 29°54°30” to 30°10°0” N and 78°54°0” to 79°13°30” E, measuring 35km in length and 49km in width.

According to Geology of the region it is divided into five rock formations Almora group: Saryu-
Gumalikhet and Munsiari formations, Ramgarh group: Nathuakhan & betalghat Formation, Tejam Group:
Deoban (Gangolihat) formations, Mussoorie group: Chandpur Formation, Jaunsar Group: Nagthat-Berinag
Formation. Under which main rocks are Granite, Phylite, Quartzite, Gneiss, Slate, Shale and other crystalline rocks

The summer and winter temperature varies from 25° to 32° C and 5° to 20°C respectively. Average annual
rainfall is 1400mm. with rainy season June to September. The major river of this area has steep slope channels and
they form narrow and deep gorges in the upper part of the Thalisain area. In lower regions they flow from wide
valleys and forms river terraces.

In this river valley due to deforestation, animal grazing and illegal scientific measures for road and building
construction are the major reasons for soil erosion with a great rate and afterwards the convert into major problem
known as landslide. The area shows altitudinal variation from 1180m at Somaya is in South-East to 3119 m a.s.] at
Musa Ka Kotha with a relative relief of 1939 m. The area is completely rural and covers 584km’from which 3.51 %
of the area is under sparsely vegetated forest area, followed by waste land 10.22%, moderately vegetated forest area
17.60%, agricultural and populated flat land 18.54%, and thickly forested area 50.13%. In present research paper an
attempt has done for watershed management planning where Morphometric and Landuse are the basic perimeters.
The area was delineated into 33 sub-watersheds and different morphometric parameters have been determined and
rank is assigned for each sub-watershed. Morphometric parameter includes drainage density and frequency, drainage
texture, bifurcation ratio, form factor, circularity ratio, elongation ratio. Water resource management plan was
derived and watershed prioritization was carried out by integrated land use/cover, soil and slope information with
morphological parameters.

Keywords: Watershed management, sub-watersheds, prioritization, morphological parameters.
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TR o ¥ Y-3MHRAAT (geo-morphometric) HT Udh HATAAIH® qedid SR el fbar Tar
2 | Forad STl (watersheds) @7 I TR SMEMRa ST WA @ dfex Wic e W WY, AER
IR 9f SUERT Ul @ Hedied BT T & | WG & YR IR ATBRE (morphometric) 3R 9
JUANT (Landuse) FIvalsor &1 vy foar @ | 7R SR o1 5 7 @) ue wege q9) 8, H ek
ST @ AS SUSTSTTAl 6l Srega fbar a7 2 | UF A &F Ol B U A1 by ool Hldl N1 IRE A
7ol w0 ¥ Rift @ 8 o %9 Wie 3o & w9 F aRafita @ oRl 8 ok 3= ave @ fadmar forg
WNifere iR werary Sumal arell WIellf ST (watershed) FEamal 8, Fore fog =T oiRkwifis e
O SU-STATTH  (sub-watershed), STATH  (watershed), SU—STell2id (sub-basin) TAT STITerd (basin), TP
YETEhH AR ST fU S ® | el ARG S @) ALS LUS (1990) ERT AU @1 i) &, # faw o
STANTH &1 AT & 500 T f Al (£50%) ¥ &¥ BT & | IR ggx Haad v (National Remote Sensing
Institute) (1995) & U: IoIH Bl IU-GeTH  (sub-watershed) (30-50 @7 fBAL), BT TH (mini-
watershed) (10-30 @3 f.#1) 3R GeF—SIe T (micro-watershed) (5—10 v &) & aifea febar € (amoer 9
370 2005, SAE @ &4 2010) | SIell¥H WeE (watershed managment) @ STIEIROT BRI —4T, freretr —HT,
ST (landuse), F-STHIATIST (geomorphology), @rel 3R ) & dr9r & siaRwidel @1 AUl <Xl € |
STETH WU & HEwdqul 8 8- HeT S} Ofel GV, Wl &1 S WHiee $ed 9ug B o AT 91§
(s @ 3= 2010) | GRS TgaTel Rtel & Ielior eremde &3 BT $H TWE B YT B (oY Ugell dR I AT
£ orf aF 39 AT B Ao & R wele G B Sw dhe w9 § T e ) w68
UHR P GARIG o A2 @1 Ferd, g I, aMiiE esu afe €|

AT & IMPREAT g9 (morphometric analysis) TTATE @dwell &1 Ueb HHAS Aol Y&
A £ W [ STANTH B ol qui BRI B U HEdqll USel & (FIEER, 1964) | MHRMACIG faveryor et
& AR B GER & & 6 Ged STemT @ WGl B ¥ @ U@ "eayel Suek & ([ g
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o, 1999) ¥ X WG AR Wl . TH THAG @ SUENT ERT QAT IUAlE b GRETT faveror |
ST TR SR SUSTrTdl &1 e f&ar 2|

2. 3T &4 $T URTY (GEOIDENTITY)

T UPR B T & (o ARt wiey & § o 5 O fer @1 v § SR g R
e ¥ 40 A ok g § 35 fpl ® R dw 1 e AR 29°54'30” W 30°10°0" STR 9 78°54°0”
§ 79°13°30" qd ¥ Rerd &1 3 &3 @ RE | IEIT B SR 59 T &GS 584 I (B B | Bl HFBA P 3,
51% {7 a=afer a9 (sparsely vegetated forest) & Iild, IE® a6 du qA (waste land) 10.22%, FEOH
Gl @9 (moderately vegetated forest) 17.60%, P 3R 3MaTdl arell HHdo ﬁﬁ (agricultural and populated
flat land) 18.54% &R ©+ @=wdfa 99 (Thickly vegetated forest) 50.13% @ Ol AT B |

x
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e 9w 1 aeaEE &

TR e & gt ok uRedl FAR qen §F1 SR @ S W A ST 8, S6el ST o
Il I & S} SR AT R Tel | $9 & @1 gdT AT @ @1 quiaiel gad Sl 8, 9= Udhid wRIE
(Alpine pasture) ERT 3Teiied & el W w9 § §7OTe Fed 2| &9 @) Sae H uNad se—gd d
fRerd FHmET 1180 H. | T HT BIST 3119 A & <&@ $I Aerar &, [ AUe S=arad (relative relief)
1939 A 2| =g fRArer & HIad W & Ur-temi-eisir gt # fvedm led I9RR BT 81 59 &
B T Rifdige dsdl 0@ UG & ¥ ¥ egdd &3 A dieg dewyul JgM UAge (Granite), R
(Shist), FATESIEE (Quartzite) 3R ATSH (Gneiss) T |

3. 3PSl BT FIANT (DATA USED)

e Su-SeH @ fafre duesl @ A fAveny @ fiv eR AMfiE @ vU § WRA @
[derr faueT F YUAE (toposheet) T 531/16, 53K/13, 53N/4 &R 530/1, T4 IRS 1A LISS 11T S99E o
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(satellite imagery) Wﬁﬂ (Geo-referenced) T ASTER (DEM) 30 #I. ¥enifi& fawa+ (spatial resolution) &
|1 1:50,000 T W AR # @ w | A srerfida Aodst B SNmEE. dardrERer ¥ g W w |
T dfafRad, fftm fvewor & wu # y@ie ok el W Al § g @ &aF @ AeAfie
(Secondary) 3Ths THET fh T AR & Fderor fohar Tm O Y eremds @ GHAI B |

4. BRIV (METHODOLOGY)

df Su—sremml @ WHieE iR fIvud HHERE (thematic mapping) S 3TYATE, YA E,
3UATE MG, AUATE TS AR A ITART /9 maRYT AR Y My Ay waeor M (SOI) quEd &R
¥Rl SumE AT 1:50,000 & YW W T Suwe REwr @ 5w aren & iy sriF St wenfid @
TS o fiwae AMRE ¥ @A (interpretation) B SN GIIS A Y U | FIHERAUE AUGS o
ARAT TETE (stream length), |RTT Si4T§ A (mean stream length), 3UdTE ©+cd (drainage density), 3qdTe
Gﬂﬂﬁf (drainage frequency), 398 6+ (drainage texture), YUWAE ARl (overland flow), ATed fgemE= argurd
(mean bifurcation ratio), @fdeta HABIE (circularity index), éuﬁqﬁz ?1?!’651?5 (elongated index), ¥=Icl HdTg At
B ddg (length of overland flow) 3N STeArf WaR@iE (channel maintenance) @ e @ forw AM® Rl
SR A BT ST FR AOET DI TS (BT 1932, 1945, fAOR 1953, [, 1956, TR 1957, 1964) | X
@IS (visual interpretation) ® T oI 3MWT IT TH® (tone), TS (texture), 3MHRN (size), (ﬂ'@ﬁl (shape),
PIRESL (pattern), NOTS (shadow), F&ad (association) 3R &5 & FMH &7 warT e e = ﬁﬁ[
ST /Y smaver SfEt @ fRfE e o we o oY qf, o ek doyfi | R e 2 # i
T BT FATATE BTN IR FU | AT B B UMl Bl Q@I & |

5. RO 3R =RAT (RESULT AND INTERPRETATION)
5.1 JMBRIANY fATNIT (morphometric analysis)

IMHRMANT gedfl @) Fd8 & A=W @1, I6D MR AR Wl & JRH B U YHR B AY AR
TR faweror & (T, 1966) | T4l AfedT & MERMAIT faZelsor & ARG & AR el 3Udrs dR
UH AN SHE & (ST 2014) | UG IEAAT H, AMHRAGT fAwelver &1 & v H WY R AR
tamt A fowifora forar n &, e orefd Al o & e SU—STa ™! &7 3egge faar a2 |

5.1.1 XRa® YT (Linear Parameter)

W arE dF @ Rad grgell 1 favewenere ufem wRdr wE (GdHs adend), aRar e
(stream number), AR SiqTe  (stream length), LIEGIIRSELF JUrd  (stream length ratio), IFSIEER] < ELIn]
(bifurcation index) 37fe & |

a.ﬂﬁmﬁuﬁﬁﬂ(streamorder):ﬂ@ﬂﬁwmﬁﬂﬁ?mﬂﬂ%ﬁ%m@?ﬁfﬂ
Hafed 9 | §9 IR #, IS 83 @) WEHd qa) Bl WieR B Fal HH YTl ® IFTAR ¥ e g
9 ISR, 4dl R uf¥ed Fur Gor §iF1 Al s e @ g
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GRET W& (stream number): Y% HH H ARAT Gel &1 G B FRaT A& HEd & | e (1945)
aRar W & oM @ S uR B W' @ W1 Id B B ARl WS W&l, Ub Secl ST
sigen &7 M Fedl § | ormaE aF @ i SuwarT # TE) A 20—247 & A aRafda g
g |

GRAT «aTE (stream length): JBRH &= & Ui Werad 44 aRE @ A= |fRar wd #1 g
GReT wars, ST Wivedur gRT A T 2| g9 &7 § w6 A0 SUSTAnTd @ o gled
(1945) ERT SReTiaer e wR SR ® | v aRar w9 # aRdr Wel @ g @ aiffead 8, Wy
S-S AR A gfy B 8 d9-309 wRar de A T ST ©, ok e @ e B
o vl W A6l R H Hated B P A4 & ded H aRdr ofde wes $F g | Blelilh
SUSTSTH =T WNS, WN7, WN13, WN16, EN2, EN4, EN5, EN6, EN7, BN1, BN2, BN3, BN4 U&
Juag ¥ o aRar & Rt ws Wi sfger T 99 21 $9 YoR SwEEd ol "ggH @l
Refer § geeid & aoig ¥ gl s~ gl & R 3 uRar o Regwm 21 98 sEelie faar
TR B I IR B AR B B AR SARIR W @lel N 9o &7 (2600-3000 W) # <@
@ el @ wafh Y B9 & A9 o9 qoroTe w9 ¥ AG o @ W bH Serg diel &l
(2000—2400%10) # Wehe XA 2 |

GRAT &f§T$ U (Stream Length Ratio): €17 (1945) & STAR wdTg SJUId U A Bl T30 B
T FaTs @ el FrEd B @ A4 We B A S 2 Gl A Send @ HA # Rer v 2|
S &9 B ad SUSenTHl H, Ugel AR R B9 @ aRdr W & W |Rar ddrg U
FHAR TR GEH 8, \AERUGY 100 & 99 Rer B, AT e 265 EN1 W & TAT GAH 0.37
EN6 & €1 EN1 & a0 & & Sarg & 2000-3000 #1. 3R EN6 &1 2 160024801, Sl fdb shwem
A AT TS FelF B € | gl OvE, GO AR R A @ el & 7 S daTe U @ 98 ENT
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(TF BTE a= IRF) 450 W ADY 050 WN7 (BTC 3feaR T & JMBR & HY ) 2| EN1 &
8 AT St A Red & fraer SaE & (1516—25204) & SfE-uf¥edsl RWY # &R EN6 WIT
(2520—2880%1) TER—gdl AT ¥ & | WRaT wETE AU F T FHR @ A IR R @Y B
1 ARdl § IS O & 9 @ 7.20 BN3 (1S 1550—2600%T) WE & WO AW ¥ 040 WNI (SET%
1620—2180H1) ST BT & e R @ 7 |

e) AYqqrE (ﬂﬁﬁ"f 3R Uae ©@ (Drainage Frequency and Drainage Density): 3[Udig €+ B
oRuie fbar o wadr 2, v 33 gy omare afE # Al @1 B e R sarE AR B &
T WA B UG D WU | Tg URWIYT TR IR B (1932) BT S TS off | FE A H Rerenmpit
gl @ Wad T BT U6 Tl qEw €| AUdE O B T B g4 Bl e @ ARy
& Y § forar o wehar & ([piEelR, 1964) | Vo AR @1 avare SmgRy @1 uReia far o Hehdl @
R B GeR wf HA B TIRT ST B Ge W@ g 9 69 S T IOE @ w9 A (B,
1932) | |TIRT 69 ¥, 39418 B9 3 a1 JMGRT 9P & Tl STl b ¥ b | e dem 4

AT &F B Y B DI GEIE 4! IR DI AUGE T AR eI gy ifersr T 1
H 4 TS 2| U4 UG § 9SoId SUSTATH BN1 A 3.35 9 EN4 ¥ 1521 <@ &I e 81§91 0%E,
e &85 F qYdTE MMRT H SUSTARTR BN1 # 374 ¥ 2526 i EN4 8, g8 <@+ &l ffere
2| I UG ¥ W o BT faSiear & Fe9W 3Uarg (moderately drained), € @1 IR € SwH
JTATE (well- drained) 3R 929 @1 f9war & i S UAE (very well drained) ST 3@ &1 fAalm
g )

3 2 & aruare 99w iR UaTE JMgfT ST WG W UETHT A 918 T
M @I AR ST B I8 MF T ¥ el & | SHA IR 2 & @E B
EEE| 3R He @ &R AR BT A "eT B BRO U B
T @ P § Herd g AfE BT ¥ | SHieN 9T B AR ANE donyf

f) 3YaTE S (drainage texture): ETCH (1945) & AR U Sdbls &7 # ARG @1 o4l & MR
W YaTE oA &I Alded o 21 g (1978) 7 WaT® Ted & A U@ 9l A e @w
SUHT 3idA fHar & U 79 vare g9@ drell 9Nal RIA T84 drell Bl 8 $UI YBR wd |iNare
T WA g0 FHH B B A1 I A ST HEd © SR 9d (IRl B BN © Al 99 & e @
soff # @1 Sr 81 O Afd WA (very coarse) (0.8 ¥ HW), W (coarse)  (06-0.8), FIH
(moderately coarse) (0.4—0.6), &1 (Fine) (0.4 0.2) T 0.2 ¥ #i1< fEA (Very Fine) = = 5|
Gﬂﬁ;ﬂmaﬁmmwmmn ¥ AN 6.86 Wabd HNAl & Wl (b TIH ¥ R JUAE TS
G

Tiedl IS STl |S-2015 TS A R, 8!

(o
Y
(7S




88730 E

7(_’3!“'1.: -”)!F‘-“;"E 'UW‘{'N"F 'v‘{n"}
DRAINAGE TEXTURE MAPOF THALISAIN AREA

TR I,
L) 3

LANDUSE MAP OF SUB ORDER WATERSHED
[ 1 2

THALISAIN AREA j
Kilometers ~ 4 g ok 30

JT0TN

BHARARITIBRA | .
AUNKHALA KHAL o 2iom) GHOLTKHAT,
G, IS m) A Aﬂl'*i i

BHARARE T1BBA TGLIKIAL F
w0 Pt

MLIEaT

ADON KHAL
7T 12000 m)

7 -
S VA 1
o VYV VYN VY VY UV e R ALHA T
S "“r\?svvvv NV v vv".'rl KAROTHA K
A vvvuvvvwmvvuyyy v gitm o
AWV R R e -
Sy v v v vy Ul v v vy vov VTR 2
A vy >
z NUKH
. GAGNU KHAL
5 IAGN z
CGAGNU KHAL 2 plten)
7z # 4
<
= z ;
2l = g
3 z |3
=]
Lo 2
BONAVAR R g
NANDA TORAT -
(R465m) o
= } 70 Rarren land [ & | Spot Heigh
9 7 RINO R
& Legend Y ——- River
:: [z =] Below 0.2 Very Fine jEsns] L6 - 0.8 Coarse
AT FEe2. ‘ine
- | 0.2 - 0.4 Fine
~

Sl Above 08 Very Coarse
["&7] Spot Height

P00 4.6 - 0.6 Moderate

20 SN
T

——— ]
Kilometers

o W 5 smarE oA o e 6 A SWRT /3R
g fgames argura (bifurcation ratio) :7g Smud AR & waIfdT & ¥ wfecra aRm H yaferd
= yeR @ yaraiae, e T Sy o oRRafiar 9| difed @@ e &9 o
fevme e faf= #7 aell e weEe 94 wifedl @1 Tdel @ 7 dfes g ol
AT, feemae 3o 2 9 5 & §r9 Bl @ Wg | 99 A 9w 419 ) <@ @ Aed 8 ol
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&3 ¥ fgumes ofgurd 3.00 @ fee 2 ok wers 78 # I8 orgu 200 (fRR iR @ wmw wewe
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HEd Aedl & 7 & IU-WTARH WNI4 R BN2 @ o9 800 & (EN1 @ o 3R =9 A
HEAd Al & 419 AR EN6 o1 gav ol e od el @ we) | e (e eurd 87 (TR
3R TR HH T4 D7), 76 (T8l SR TN TAT GIN SR ARR HA T & 7)), 6-5 (T8 3R
TER A A4l b HE) R 5 (TR MR AR aur AR ok A @ A9 @& W) WN4, WNS, WO,
WN11, WN13, EN7, WN15, WN18, WN19, ENI, EN3, BN6 & 3fcTd amefl & | F 98 Ualan &
< 5 @& daa 2| 94 MRy oiR B I A Adet @ 9 @ 98 gqeng uRum 2 S
fEemes o gurd & | BS H9 @ TdRi @ = w'm a1 FRO e gRued

RIATHIT BT faH B
ol & 39 YbR $ Rl a¥ed /gdf TR &R 997 981 & Fee sordl § Merd! € |

I YA€ A $T 9% (Length of overflow): f¥@d STomrl # &fad & 9 & Ugel I8 WA W
Ul @ Wals & (BICH, 1945)| UE UEG Sl & AEd AMHR A

FHAUT Gaf 8 Silfd
TS § MG Y TP UK Fed Y @ o | SUSATTHI BT WIS FATE AT B oAdrg A
faff=TaT 8 0.11 WN 18 ¥ @@ 030 BN 1 @ BN 3 # Tafd R Jefidivr &5 &l @id1g 0.22 2 |
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qifereT & 1 —SiN SU—eT @ ARG faveryor &1 frspd

SHAPE MORPHOMETRIC -
LINEAR MORPHOMETRIC PARAMETERS S AAMETERS LANDUSE ANALYSIS
Sb T 5 18 [ 4 [ 5 [ 6 [ 7 8 1 2 |3 45 [ 123
Wat | Stre Strea | Drain ; Drai : length . Com ¥
g i Strea = age Drain nag Blfl:ll' of CII"CLl Elt_mg For B_as pact Agric Fore | Wast
m age catio larity | ation m in ultur
She | Nu L Leng | Freq e overla | . : ness st e
eng Dens n inde | Ratio | fact | Sha e
ds mb th th uenc it Text Ratio nd X C R orF ” cons | | 4 Land | Land
er Ratio y y ure flow P tant
WN'| 26 | 13.00 | 417 | 749 | 375 | 228 | 783 | 027 | 02 | 05 | 03 |395( 030 | 031 | 316 | 000
“;N 08 | 1525 | 467 | 731 | 398 | 193 | 776 | 025 | 06 | 06 | 03 [367| 026 | 164 | 168 | 051
“;N 3 | 2400 | 487 | 560 | 420 | 221 | 864 | 024 | 07 | 07 | 04 |246| 039 | 051 | 52 | 0.00
“i" 63 | 3550 | 500 | 772 | 435 | 367 | 1195 | 023 | 06 | 06 | 02 |558| 048 | 25 | 566 | 0.00
“g” 84 | 4050 | 836 | 628 | 370 | 347 | 1379 | 027 | 05 | 07 | 02 |605| 050 | 329 | 10.09 | 0.00
V:N 20 | 800 | 344 | 1111 | 444 | 267 | 725 | 023 | 05 | 05 | 04 |281| 024 | 027 | 153 | 0.00
VY,N 31 | 1550 | 632 | 1003 | 502 | 238 | 910 | 020 | 04 | 05 | 02 |455| 024 | 0.00 | 3.09 | 0.00
“"BN 35 | 1840 | 356 | 7.81 | 411 | 203 | 907 | 024 | 07 | 06 | 03 |[289| 026 | 013 | 435 | 0.00
“g” 79 | 63.00 | 417 | 928 | 7.40 | 385 | 1333 | 014 | 04 | 06 | 02 |539| 041 | 018 | 833 | 0.00
"1";‘ 30 | 1675 | 439 | 935 | 522 | 273 | 850 | 019 | 06 | 05 | 02 |438| 029 | 1.66 | 1.68 | 0.51
";"1” 68 | 37.75 | 503 | 12.06 | 669 | 485 | 1211 | 015 | 06 | 07 | 04 | 284 | 040 | 042 | 522 | 564
‘q";‘ o5 | 1250 | 4.05 | 1269 | 635 | 204 | 790 | 016 | 06 | 05 | 03 |384| 023 | 034 | 1.63 | 0.00
WN
N 65 | 3750 | 614 | 1123 | 648 | 340 | 1247 | 045 | 05 | 06 |02 |485| 030 | 326 | 198 | 0.5
WN
N | 25 | 1350 | 287 | 1163 | 628 | 258 | 850 | 0.6 | 06 | 05 | 03 [314| 022 | 128 | 062 | 025
WN
N1 a5 | 1050 | 300 | 685 | 382 | 258 | 990 | 026 | 07 | 07 | 04 281|038 | 063 435 | 043
"1‘";" 35 | 2200 | 589 | 907 | 570 | 361 | 907 | 018 | 06 | 06 | 03 |336| 040 | 067 | 2.15 | 091
WN
VN 82 | 4675 | 480 | 1043 | 595 | 529 | 1224 | 047 | 06 | 07 | 03 |287 | 051 | 037 | 042 | 1.07
ol I ST HIS—2015 TS AN AR, TSD!
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WN

AN | 67 | 4075 | 445 | 1516 | 922 | 404 | 1240 | 011 | 04 | 06 | 02 |468| 027 | 106 | 437 | 156
WN

W | 50 | 2537 | 358 | 7.69 | 30 | 427 [ 1070 | 026 | 10 | 08 | 07 [163| 060 | 101 | 131 | 21
‘gg‘ 92 | 47.00 | 597 | 1090 | 557 | 447 | 1244 | 018 | 06 | 07 | 02 |434| 041 | 088 | 507 | 249
ENT | 247 | 9250 | 9.43 | 1028 | 385 | 686 | 1798 | 026 | 04 | 08 | 03 | 337 | 0.67 | 0.00 | 24.03 | 0.00
ENZ | 121 | 5450 | 825 | 1062 | 478 | 654 | 1407 | 021 | 04 | 08 | 0.3 | 290 | 0.62 | 0.00 | 11.39 | 0.00
EN3 | 81 | 37.00 | 634 | 927 | 423 | 463 | 1350 | 024 | 06 | 07 | 02 | 412 | 050 | 023 | 851 | 0.00
EN4 | 98 |59.00 | 912 | 2526 | 1521 | 374 | 1281 | 007 | 02 | 04 | 01 1‘3'9 015 | 171 | 2.06 | 3.88
EN5 | 64 | 4275 | 5.00 | 679 | 454 | 346 | 1133 | 022 | 06 | 08 | 04 |240 | 051 | 285 | 452 | 2.05
ENG | 47 | 2625 | 854 | 737 | 411 | 336 | 1775 | 024 | 07 | 06 | 03 |302| 046 | 12 | 326 | 1.2
EN7 | 70 | 3750 | 625 | 745 | 399 | 412 | 1256 | 025 | 06 | 08 | 04 | 266 | 055 | 186 | 532 | 2.21
B_lN o4 | 2150 | 446 | 374 | 335 | 171 | 770 | 030 | 06 | 08 | 05 |191| 046 | 184 | 095 | 363
BZN 38 | 2000 | 860 | 675 | 391 | 224 | 967 | 026 | 05 | 06 | 02 |444| 033 | 04 | 454 | 069
33’" 36 | 2025 | 048 | 546 | 338 | 218 | 921 | 030 | 05 | 06 | 02 |593| 040 | 236 | 342 | 0.81
B4N 33 | 2375 | 481 | 486 | 350 | 1.85 | 950 | 0290 | 05 | 06 | 02 |513| 038 | 252 | 1.82 | 245
Bs” 49 | 2950 | 524 | 697 | 420 | 302 | 1061 | 024 | 07 | 07 | 03 |370| 043 | 496 | 0.00 | 207
BGN 125 | 5550 | 8.03 | 948 | 421 | 500 | 1395 | 024 | 06 | 07 | 02 | 455| 053 | 013 | 13.06 | 0.00

5.1.2 AMBR YAMT (Shape Parameter)

IR B Pl @R SR T B T B A B A Bl FAIAT DR Wb € AR FH DRI g
ST srarE 3t | 9 IRF B g s 98 BT ¥ (o, 1968) | 9 ameR iR v &
fpe ool W argaTE g L & WA ffH A6 (outlet) H UgH SIGT|

a. B $aeX (Form Factor): ¥ oM Rd aur & kM &= dor AR ofas & @l & g @1 1932) |
AR ofar$ a1 REA 0 () 3P e 2 HAfd W SMBR T widl S @ T WaTe @1 3R Rf A
10 S HAT ¥ TGR T BIET A B 4l =K B WAE B | M SAER DI e = R @1 91e
TaTE ST § welda R O T € | s 89 @ Werdd ey IR @l B Bdey # 04-07 & 4
¥ %) A A SO & 5wl A w9 AR AR 2| ENG (041) B ot ol AR @ ek gww uEr
0.2 |1 el 9T & WNS5, BN3, WN4, WNS, BN4, WN13, WN18, BN6, WN7, BN2, WN10, WN20, EN3, T2

WN19 (0.7) s oW ol IR = |

L ——
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b. mwmlongaﬁonlndex):mwmaﬁﬁﬁmmmﬁmglﬁ
IR &9 P WR Uh g9 b AN a7 ARG 9 daE @ G H1 oud & (§H9,1956) | T8
AGIS ARG STearg Y FhR & Y 06—1.0 & 919 8T 8, 1.0 el S &9 @ fog
Wefd 06-08 & 91 U AR W AWYT Seddd AR TS W THE TAR & W IS BN B
(FTEeR,1964) | TATHR IR o IRE @ ST GUd & ofudie $ e A e HRo 2
TR 4R § S TSI FHY 819 | 39 YSR "Re" M 916 & Q@IGHE § A& BRA © | Tferdl
@ F AR A=ight] gadid 1 FmH arfedl ¥ 04 W 09 @ 49 A 2| SUadd o 32 Rl
& EN4 0.4 &7 df 1ffis o1 & @ EN1 (0.9) MadR o+ € |

c. el Yadid (Circularity Index ): TFeaT U IRF & &9 9 9d &3 oraa) ok 9RE a3
S WER & D 99 B U B BEd & | Tg A Aed WA 7 S IRE B AER BT GH AAHD
HASH Y IR 2 | §99 JJIR AlGadl Gadid & 49 0 ¥ 1 & HF Bl 2 aul I @
a9 oA ¥ 8 IR &1 e S 8 it afded BN | YEdie wifad BT & [ @w
@I FRAT FdTE, IMART 3R T A | Tl T8 & | AFHaan Wl [ I iR T @ UHR A
g oY @1 95 a7 B, RN afeaa Guoie @& 79 § &1 B W 2| SgEE &9 dfborar

02 ¥ 1 & 419 WEaT 2| I8 59 99 & AMBR BT HegH TAMBR (moderate circular) 3ATT
TR & | T A uare 9RTF § EN4 iR WNI &7 f1 afdsela §a@id (Low Circularity Index) 0.
2 IR WNI19 & I=aaH dfdberal qadid (High Circularity Index ) 1.0 ¥ |

d. IR AHR (Basin Shape): IR & &3 F IR FaE T I 70 INF HF B 9 B I BT
IR PR BEd & | AT 89 & R R A fAfi=1ar 2 619 9 163 T |

e. gefefr fRRRAT (Compact constant): 78 T9MT @ Hear € Teirg 4R &R IRUF (Circular) IR/ &
49 & dedl 3 d S8 Ty RE & wWR D aF%d g1 2| raad @ &9 # garefa
ReRar &1 719 0.15 W 067 & S SUFAATTAHI § P dcld fo@rdm 2|

52 A SUINT /3MTaR fAveNT (Land use/ cover analysis)

LULC faweryor wrerfear ufhan & forg ve #ecqel fvar @ (Srarel aom o0 1999, 3faT 9T e o
2005, =BT SR AaF 2005) | [IRS 1A LISS 11 & ITINT & 4 IANT /4ff smaxvr #AHfe=or o Jar far
T 2| [IRS & 3fidbsl &) FIHG AT R 4H SN/ a=or $vft a7 ggar iR Ror fbar
ST PN 4, doR A SR I | TH TBR @1 4fF STInT afexer v O 9 B @ Suser @
fog foar mn 8, R oguR sfedw &3 99 ¥ foxr & e go 4 i &9 &n ® R o 6|
SUSTARTH EN1 ¥ & &% e urar 737 & 3R BNS # &I o 78l 2|

6. SU—START ®I ARIASHAT PRIORITIZATION OF SUB-WATERSHEDS)

6.1 ATPRAIT AT & MR W (Based on Morphometric analysis)

e ASl H1 Hed | arer AT Fag ¥ A9 B GRae B wen, akar @, gk dee 9,
IUATE T, U HGRY, SYATE oA R WS Fare A | e a9fdF W 7= @ I af¥d wer
BT | 39 Helfd BRY A & Jrafiedr ) g Aes & Sadd A Bl 1 @ 60§ qedifhd far T §
T R WA ST A B 2 fa@m w2 | A AeR Agds SN ARy fEeET U (mean bifurcation
ratio), @fdaerdl QiﬂfﬁT?H (circularity ratio), éﬂj'f{fﬁ' YAFId (elongation ratio), B Baer, T IMER (basin
shape) 3R gafefd one anfe # RAwid ey <@ &7 e 8 N & &9 719 9 eR Aee! & 1 &
wY H A oA T 8 T SRR FH WM Al AGR ANEel B 2 A fRar war € Wl W@y ek ameR
AEel B AN SR T B @ g% A sh} AP 7 fave fhar T B9 ¥ @9 44 @ wate
T SR Haea 719 B FaW HH wfdear arell 9ot § wffed fbar mr &) v S suserE @
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gig wenal § afied fhar mar @ O aft S=a (12 & ), 9= (12—15), WEH (15—18), B (18-21) R
980 B9 (21 & FR) Wfindr | gafery raERfd e & faaRe & MR W ddN SUSTArTT $9 TBR
¥ 2 SUGHl B Afd Sw wafiedr arell oft §, o SuwErTEl @ ST gRIfAdd a0, 15
SUSTANTAl BT HH FTAABT TR 1 IUSTATTH BT g8 H4 Hrifiiear arel st # w@r 7 & drfersdr wedr 2 |

6.2 HASYINT /qfA maver favelyor 9= MR (Based on Land use/cover analysis)

uf Syt St E-pf g, 9 gy ok sor 4fy o 5 i SusterTH @ e @ forg
gfaaa 2 | Frlleror o o) S gan 6wl Sustar T 7 aifdea 9rT a9 R $1 8§96 @ 919 B i
3k R dor 2 | SustaTEl @ wrrfiedr & forg 4ft S ot & siarfa SeEE A @ 1 B Bd A
Heuifeba fobar a1 € o R Fedad A @1 2 oI war ¥ ofa ¥ ude i Swir Aolt @ il /1 B
I HR B A6 7T (Cp value) T o T, e AR &F A9 @ I e qae @ g §
oy & siftm worfiear &1 afifexer e geal @ MR W g™ AfRN F fear mm (10 @ ) efa
I, (11-15) 9=, (16-20) #eg®, (21—25) ®H R (25 W FW) 9gd H¥| o M= Susiemml &
FHRARE Ry a0 & AR W 5 SUSErTal & A S=a wfiear et soft &, o &1 9=d #, 7 @
aed 9 B FH F 3R 3 BT 9gd oA arett Sl | Al HwAT 2

difersT H&T 2 TA SU—STARTET B wrfAedr T 7

MORPHOMETRIC PARAMETERS Cp Cp
| LANDUSE | Final
Sub LINEAR SHAPE Valu€ | prior Value | prior |
. . Priorit
- ity ity
Avera Avera Y
Wa RANK RANK
ter ke &e
She 1[1]1]1 111
gs |1]2|3|4|5|6|7|8]9 14 | 15 19 | 20 | 21
0o(1|2]|3 6|78
WN|2|3|2|2]|2|2]|3 1.]:1 2122
5112 1| 18.08 | Low 22.00 | Low | Low
1 1 5|9 51011
WN(|[2|2|2]|2|2|3|3 |11 1111 1121 Mod
8 20.23 | Low 18.00 Low
2 |8|9|2|4ala|1]|1]|0]|4 6|51 2|57 erate
WN|2|1|1|3|1|2|2|1|2|1]|2 2112 Mod
4 17| 2031 | Low 17.67 Low
3 5/9|19|0|9|8|6|4|8|9]|6 0(1]2 erate
Mod
WN | 1 |1|1|1]|1j1]1(|1]1 311 2 . Mode
9|2 15.00 |erat | 6| 8 12.33 | High
4 5/5(4|9|6|3[4|8]|5 0|5 3 rate
e
WN 2131 2 312 . 2 Very .
6|66 4 1418 3 1462 |High | 2|4 10.00 . High
5 908 0 2|4 4 High
WN|[3]|3|3 112131 2 2 21212 Very | Very
7 913 7 20.38 | Low 26.33
6 313]|1 512|139 7 6 6|8]|5 Low | Low
M
uiEdl T S GS—-2015 I ARSI W, TSd!
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Mod
WN 1 2 3|22 Very
414 5| 15.23 | erat 26.00 Low
7 6 0 2 3 4 . 1 Low
WN | (2|23 |1|2|3]|2 1] 1
4 | 19.38 | Low 24.00 | Low | Low
8 0 0|42 0710 6
WN 1 2 . 2 Mode
9|2 3 6 5 6 | 12.23 | High 7 21.00 | Low
9 i 9 8 rate
WN | 2|2 |2 |1|1]2]|2]|2 2|2 L1211 Mod
5|6 18.77 | Low 18.33 ) Low
10 | 7|7 |5 4 210 6|8 erate
WN | 1|11 113 2 2 ) 211 Very )
4 141|5 8 | 9| 13.69 | High 1| 10.67 ) High
11 |1 (1|7 3 1! 1|0 High
WN |3 ]|3]|2 212 |2 1]1]1 2 Very | Very
3|6 6 19.46 | Low 26.67
12 (0|2 | 8 0 87|38 4 9 low | Low
WN | 1|11 11172 2 ) 211 . )
6|5 7 3| 12.62 | High | 3 14.00 | High | High
13 31212 6|121|9 7 316
WN |3 |33 2|2 A R L 3
517 7 19.31 | Low 21.00 | Low Low
14 9(21|0 3119
WN|2|2|3|2|2]2 1 Mod
6 6 2| 20.85 | Low 18.67 Low
15 (2|52 |6 |8|4]|9 917 erate
Mod
WN 2 |2|1|1 1122 1)1 1 Mod | Mode
9 17.62 | erat 17.67
16 (3|2 |5]|7 41515 3.3 . 8 erate | rate
o 718 ok 8|3 ! 9 ! 14.15 | High 2233 | L e
17 10 1 6| & ' W | e
WN1111)2 2|2 4 8 &) 2 14.00 | High 1 13.67 | High | High
18 [2]0|4 4 67| B 15| : ek | HE
LA RIS R 8 8 18| 1885 | L 2 7| 17.33 Mod L
; ow ;
19 |6 |89 |0]|6 7 6|9 erate ow
Wi 51|17 } 8 1 719 . - 9 23 14.62 | High ! 4 | 11.00 | High | High
20 3 0 4 1)1 ' ® 2 all - .
12 3 1 Very 3 .
EN1 |1 |1|2 1147 1115 | 1 21.00 | Low | High
117 3 419 High 0
Uiod] T O GITS—2015 VST ST SR, TSd!
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1 2 212|113 3 3 Mode
EN2 | 3 (5|79 2|2 7 12.69 | High 3 22.33 | Low
3 1 91313 3 1 rate
Mod
1 111 L)12|12(12 1213 2 3
EN3 | 8 9 6|5 15.54 | erat 6 21.67 | Low Low
4 6|7 713|5]|]0|0]2 7 2
e
1 3 312 V 1 V V
ENG |4 3|3 ]1]1 7 2011 apg | o 52| 567 | oY | Y
2 3 3|5 High | 0 High | High
1 1(2(1(11|12|2|3]|3 2 1 Very
ENS 9 3 19.08 | L 4 9| 9.00 High
4 8/7/|4|s5|6|olalolo 8 o 4 High | ¢
111 2|2 (1113|1212 17111 Mode
EN6 5 18.46 | Low 14.33 | High
8|7 312|753 |1|5|4/|8]2 4190 rate
Mod
Y O I O R 1 112313 3 Very ,
EN7 9|8 5 1762 |erat | 8|9 | 6| 7.67 , High
031213 1(5(1(1 0 High
e
BN [3|/2(2]3[3[3]3 21313 2 Very 3 .
1 2 25.08 9 3 | 14.00 | High | Low
1 2141333 (3]2 6|22 3 Low 0
Mod
BN | 1|2 212122 11711211 21111 Mod | Mode
4 9 17.54 | erat 16.67
2 9|3 8(5|710 116|132 213|5 erate | rate
e
BN | 2 |2 31322 11171131 111 . Mode
1 2 19.00 | Low | 7 13.00 | High
3 0]1 11292 27121117 81| 4 rate
BN |2 (22 3[3]|3]2 11111121 2 . Mode
3 2069 | Low |5 5| 11.33 | High
4 4101012121 3|/18|3|8]4 4 rate
BN [ 11|12 |2|1|1]|1|3]2|2]|1]2 3 . Mode
20.46 | Low |1 8 | 14.00 | High
5 716|6[5|0|98|5|2|6|5(|6]1 3 rate
BN 111 1122|122 . 3 3 Mode
2148 4 |3 14.62 | High 2 21.67 | Low
6 3|8 6|7|7]4|5|9 0 3 rate

FORAT SR A ST/ TeRT fawemer & aRoH B Hewdd @ 3T drel |Ae
SUSTETAEl Bl ydd wrgAear Sl § sen | 9 weweg o @ amiRa 2 emarfidm s 4f
UGN /A 3rreRor

faeerynr R gl & f5 End aifd Sea mierfiear @1 Soft & amar 8, WNS, Wnll, Wnl3, Wnl8 Wn20,
Enl, En5 EN7 Sod WIA@ar & afd+d amd &; Wnd, Wn9, Wnl6, Wnl7, En2, EN6, BN2, BN3, Bnd, Bn5 Bn6
qegq WRIfEdr @ sfdia and € Siefe WNI1, Wn2, Wn3, Wn7, Wn8, Wnl0, Wnl4, Wnl5, Wnl9, EN3 sk
BN1 &8 Wi & ofeild o & Wnl2 &R WN6 a8 &H mrefiidar o # 2|
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7. ¥ (CONCLUSION)

TIRGT & U R TARH @) Al B Gad TeyUl Uge] SHET [P iR HeEA HrdHd 2 |
o4 SR ATHRAA AR Y ST /9 ARV TT SIRIES & SR &F B A SU—SIelTHl B
yefedr fveme & v heamEotdo ik Rae AR sifes ¥ Td Aol yfie e 8 ok 99 affte
T ST ¥ TR far T & | WeEE SR SelTH Sfiddr @ Ao, §el aul W ERE 9 Wipfid
Al @ A wRi @ yaee ® for, wet sToRAdY vy 5 e withenel SuaRer & WU H & fbar
2| A Tl A AT, FEEY SX, SATE AR e B GHeH § Gehd § il oudie ® vl A e
JUGRYT B TRE B PR ¢ |

T THET B ey gufar & fF EN4 aifa 9= wrafddar Siof, R WNS, Wall, Wnl3, Wnl8 9
Wn20, Enl, En5 EN7 ¥=a wreifiear 2ot & siaefa amer 21 3% @i faRme der ok faem & forg
AoTERT &R fofaeR] g s § o Tt e g9 faee 81 9 | arfereT |\ 2|
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