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5.2 RIRIGEAGId (AT (Feature of Hydrology)

QYTHFAY (Precipitation)

ASIT 8 ATFUN (Evaporation and Transpiration)
VAP (Runoff)

QAN /A AACI* (Infiltration)

@ﬂ?‘?‘z IO (Groundwater)

A 8 (TS A= (River and stream flow)
RIR0GIANG P NOGels (Hydrological Modeling)
RGP [RCATY (Hyetograph Analysis)

S CERERISRYE (Water Quality)

JNIT & 4JI IIIZEIANT (Flood and Drought Management)
\‘97“‘14]%1\"1[514\‘3(."&1 AwWI (Impact of Climate Change)
ﬂﬁmww (Water Resource Management)
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IV 8 ATFWN (Evaporation and Transpiration)
I eI (Evaporation) AN TN =P TS

HTIAN (Transpiration) Uik 51%6 ﬂ%@@?@m

qIN-S%p¢ (Surface run off)

WNAT]T (Infiltration)
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Y. 0 Ffea i"@ﬁﬂTﬁ° < 'Sli'@ﬁ:\‘:ﬁ' AT (Appliction of
Hydrology in Civil Engineering)

W GRS GG ERICISIES
(Hydrological Structure Design)

(Water supply to municipality and industry)
(ADB (Irrigation)

W‘ﬁ?ﬂ% O AN (Hydropower generation)
SR R%I:ﬁq(ﬂood control)

QGG (Navigation)




%.8 &g TSI (Defination of some hydrological terms)

5I3C§ICSIC:EIFI|@ (Hydrometrology)

AR 2NN ST I3 IF O IV [fox ATGFNBER 2AoR
WIZ ISRV (Meteorology)
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W'lﬂﬁm (Climatology)
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CATBITNTATGT (Potamology)
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ferrtRTE Sy (Limnology)
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%.8 &g TSI (Defination of some hydrological terms)

HIR3AMG (Cryology)

A1oe] B[ (ISR NP LTIV
. RWIfEe oY, RN, I90FF 416, TEATS, ATV, QIF 2 TP

ﬂﬁ@ﬁ (Glaciology)
RNQR, I90Pd M0 g3 TP OIET WA

WT (Oceanology)

TR & TR LTI .
.« TG ARR (OIS, TAFNH, (GifP A2 woIe<s P ACATG

mi‘@r@mﬁr@? (Hydrogeology)
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~N* 2O5M
fﬁﬁm (Geohydrology)
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%.8 &g TSI (Defination of some hydrological terms)

R GG (Geomorphology)

CRPICEIEIGICASIGIED|

W’STC&]W&' (Agronomy)
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ST 2- TIRCGIANGT AIRTE (Hydrology Cycle)

5.2 A6 (Hydrologic Cycle)
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AN AT, AR, B, BNNO NN & NI AFTN© YeArIeg Afp
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.9 GieTAHYT] q} ﬁmwwf‘wr (Watersheds and drainage

basins)
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Y. A 5Tapd TNy fo g

2 prec ip’itation >~
evaporation ~

- ; A
from precipitation evaporation
transpiration frony:laud
\ {g} evaporation from  from vegetation
'// water S(.W'face \’J / evaporat'on
surface runoff” / N £t .‘;; o $oil
/3'_ (z ) evaporation
‘ AN #vaporation frorm ocean
S ey o from reservoir ‘
— S e recipitation
water table ¥ o ; ? to 'rcem
; ’ o surface outfiow
\

percolation
(deep) =y

N e gromdwater outflow Y e

saltwater intrusion |

soil moisture : groundwater ocean covers 71 percent of Earth's surface
© 2008 Encyclopaedia Britannica, Inc. 196,950,000 sq mi (510,000,000 sq km)
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Condensation
Precipitation Evapotranspiration

Dam
Surface Water e’ Streamflow

!Qﬁ'sr_a_t'qrz
Water Table
Ground Water
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The Hydrologic Cycle

e % Showmelt
and Runoff
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HYDROMETEOROLOGY jguuss

|Meteorology
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v.¢ oA fafFae (Solar Radiation)
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9.4 qfilﬁhfﬁﬂ?r (AT (Triple cell circulation in the atmosphere)
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rngwem:r: fofsiferce s efafefs (Introduction to Precipitation)
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Sun heats the Warm air rises, cools
land and the and condenses,
air above forming clouds

Rain can
then occur
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\. )
precipitation ', dry, descending air

moist, rising air
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8.Y WIARNS T NI HIG AANFS a3 AfTIr=r (Meteorological
parameter and measurement)
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AT WL FAATHTE*ITRT ATTNI9Y (Measurement of

Precipitation)
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9. b ATGTCA ATZITTT I ATS Afaaror
RADAR- Radio Detecting and

Ranging
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Y RIS 9T® HF[ (World Meteorological Organization = WMO)
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Ffafire ﬂ:wqmwmmm (Optimum Number of Rain
Gauge)
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SOOI TR (%) = g x 100
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n
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AYN LT TN AT “ifzmwer

(Stream Flow Measurement)

.5 @ﬂ QIR (Stream Flow)

JH0 AP I FIAN (TS BTN NG AN AR

> JF0 AME INET W SIAE G0 NI -

(RN NI M 2[R ATNG AKTNVH AT |

> JHP AT ATO AN B =Y |

> LTS NP6/ (PG (ft3/s) I TN NOIH/ ARG (m3/s) &
AP FAT 2




q.2 FS{Y AQrTza TCgF wIfer

HICI6 O B [EERINGSR

WWGMM SR T R TR A

OO (519 ARITNIHNCAT® I VA AN BF AT
[CERIGR ARG ERIEFARREE

PeJNA AR AT

GG ool AR ©FeT AL (I57 AT
WAGPTOS (T3 R IDEACERa IR kol

BAPCEIISNGP CPITNGIE | AR = AT

% NG RO RS ICICNIE (HACod RGN ATICH NN BI7Y ATy
FU T RS CO*A AR AR AT FACO AT T




9.9 BTG AfTTT

G0 FNHE N NAl, 0 =N (TN
GEAMIT AN B 1 Ovowl (N7

LR | ISR IR FHIO/ATIARNEA

SOTP 519 ST, BT Pl TN G AT NN BT
Y|

FRf@T AN | AAINH CTSF T FA5TS ANG B ALY

BJ (T4 P G373 FCT BrRN OIoT A99R |

(A I | TN NS NN K1 =Y G TN AN 51
AT G| ANT T @ TG (S AN B [y

VI EIRCES

GHAT PII0 | JF2 ALY AN AIMCRA (I G2 COG AN B

CATHIRA]

CPI0 ]2 (B | (BTAT STIRITTT ATNG B AT F1




4.8 qfFT-(I9r 91%1:\9 mﬁsﬁw (Discharge measurement by area-

velocity method)

PTG 4T 3T

> GBI &S (TR NP1 AN F1 =7
> AR MEg TN AMRA 2B 432 STolFer ATy
PRI

BITCNET &P )
(2 S E S [AC)

FEFCO FA- | WTOIBIA 1 G GTIOTE BITNTETS N0 ST SBICIR
TP AT | O3 YT SR SUifNfo<e & GG P =

(51 AfINTY N (PN NYT AT ATNG A= A7V |

NG (5 AT | STAS T (TF*INF NG (Y NN

e B fOSTEIG FRARHT

Q = A(Cross sectional area) X v(Average velocity)

zczfﬁ%e G378 TG (TG AT e AT JAIL ST HIASFI F1
g1




q.¢ (3B FGIBIGT ST=AS (Stage discharge relationship)

10 v B | | !
+ 4 . 1 + ' \ L |
* S e r . S . o | . o = 5 g
) ) . ' |
’ ‘ ‘ - 4 i

- Stage equals 3.3 feet

or-eoe Blide-reerharerdeonre-tere >

ne——g

Discharge
equals 40 ft¥/s

STAGE, IN FEET

1 10 100
DISCHARGE, IN CUBIC FEET PER SECOND

1,000




O3 126 ICCILR| (Selection of stream gauging site)




q.9 (BET 433 FOTETOT TRTHTANTH (Stage and discharge

hydrographic)

.v @Yf AT GF B (Unit of stream flow)

CFS- Cubic feet per second
CMS- Cubic meter per second

GPM- Gallons per minute
L/S- Liters per second
MGD- Millions gallons per day
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TN LI Ao 8 AT ATFAA

(Evaporation and Evapotranspiration)

V.S IS
Gl CER
©ad AN (T ATHIT I AT =TI

FfN NN ST ot Afq © TN AT °o 2N Iy

GG WG
AT HIIN ST (ATF FAAHAT Ty “ifF~® 8T

ATFhN
W (X (TS AN N FarHa 4y My InmoE 5w
AT Hf




W) C G|

& ATNG AR

% OITHNT O8H

& AMMNGATT HAF© AT 51 (e,) 8 NN STHAT B2

Ay AN BITAE (e,) MUY

AN IF2 OINNTGIY AMF| O g AY WO GAN

T IAfgTe =TT
% ST ATTISN T IOTH IYT G I WEAFN B
AN HBTHN GAT A AfFFYF (A G T Iy

BT ATTYS ™ B I




WIS C G|

IR | EERCR | -1

2 OITHA BSH

2+ IYAEAT AP AT 519 () 8 N BT T

ST AT BITHS (e,) ANTADT

% O I (TS AHTA AN LAY IMTS Gty A
HIALTH AN I 933 [OIG WIFW 4 AY W

AT I 4TaN FATS AT NI AYCO G IATF
wﬁmaﬂ%ﬂcﬁmmmﬁwﬁwwml

S AN WRAAN AY 9 WIFTT (NPT T I-AeI
QYOI NT| ©YN JBIH OIFATNT WIFT A

% BT 07 FYN (6 M g NIFTH ICNF (T JF© 61
AT I CHOT AFS AT BT |

OIe6Nd AQIYAN, E = K(es —e,) | e; = 6.11exp 21773'.2312







g T q

>) roGEas aq TNV (Fitzgerald’s equation)
) Ta aa TANHIT (Meyer’s equation)

o) (dIR¥Id g9 TNV (Rohwer’s equation)
8) (23 NG g9 STMHAT (Lake mead equation)
@) TA6N O TNHAT (Horton’s equation)




¢.8 AAtedN ¢

e IGE GRIDI G TR

y) TSROGHITA® a9 STRFAT (Fitzgerald’s equation)
) TN 99 TAFDT (Meyer’s equation

o) (IR g9 ANTH DT (Rohwer’s equation)

G ET WG a9 AN (Lake mead equation)

¢) A0 49 ANTHRKT (Horton’s equation)

E=(0.4+0.124V)(es — €4).—

E =0.771(1.465 — 0.000732P,)(0.44 + 0.0733v) (e, — e,
E=0.331V(e, — e,)[1— 0.03(T, - T,)
—FE =0.4(We; — e,)

= 15, (QT6 WO AFTAT Gy, 4T NITH
11, IO 1Ol GATLAD Gy, 9 NITH

v="gi TS BT MY WD TG (I
W= 2.g-0.124v
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CAZAT S
15Km?2 Chawd A a3f® oo 8 I Gaad IFMNa 9
WIS AT AT (RS =4
ARG STNATHT = 24°C
IOTTAT SIANTAT = 26°C
g BTN = 752mm ATdR BTA
O e BT IrYd B = 25.3Km/h
WTATFS SUHOT = 46%
G 0O AT 510 Ieedw (I 9 933 IFNeIT S
wnmsr—aaswmrﬁgswﬁmm—vﬁr—xﬁw
THACT =L AT T4

240C OIANTHIT AT &

ArNGTHA
=29.831 mb [Lmm = 1.33mb ATV BT,
= 29.831/1.33 mm AT BT BT 2 Sob]
= 22.43 mm ATAW GBI




26°C OTHNTGIY qI] ANS
qIoANBTHA
= 33.608 mb
= 33.608/1.33 ATdR BIA
= 25.27 mm 9ATdR BIAN

[Imm = 1.33mb ATd" BI¥Y ,
BT N2 dob]

= £ RIS APO A BIA
SR G, AR WGl = TSP Te T 5
46 €q

= — 11. 62mm TR BT
100 2527 e, 62mm El

%) FebroaTes STNwaT

E=(0.4+0.124v)(e; — e,)
=0.4+0.124 x 25.3(22.43 — 11.62)
= 38.24 mm/day

38.24

IO A gF AYNZ AN T = 7 X 222X 15 X 105m3

= 4.0152 x 10°m3
= 4 million m3




) (TN TNFHIT
E=C(e;s—ey)(1+0.06215v)

E=C(e;s—ey)(1+0.06215v)

11
= 5(22.43 —11.62)(1+ 0.6215 x 75.9)
= 22.66




»f&a Ararer gy
Qi+Qa=Qr+Qb+Qe+Qh+Qs

Q; = NS (QIG O (N g

Q. = FBATS, S5, N, R TSN e QAT 6 *1S S
Q, = AfoBfeTe (R w0 N [AFIY

Q,, = NG AR5 A oxreea [RfFa

Q, = IS I *If&

Qy, = A 9T (S IS ARNZS & I T g© ©1y

Q, = NN FEF *If& BT

Q;, 3 0,9 AYATO(H (AN AYAS (T C]2 TP R B AR F1 =Y

R =% orQ, = RQ,

AN S Ecm,wlﬁam—\ap%aaW@W I3 OT L, TSR

Q. = pL.E
Qi+Q,=0,r+0Qp+ Q.+ RQ.+ Qs
(Qi_Qr_Qh)‘l'(Qa_Qs):Qe+QeR
(Qi_Qr_Qh)+(Qa_Qs) - (1+R)Qe




AONSIN E cm, NI TNG p%a« AASIC S5 O L, TT OF,

Q. = pL.E
Qi+Q,=0Q-+Q,+0Q.,+RQ.+ Qs
(Qi_ Qr_Qb) + (Qa_Qs) = Q¢+ Q.R
(Qi —Qr— Qb) + (Qa - Qs) =1 +R)Qe
(Qi —Qr— Qb) + (Qa — Qs) =1+ R)pLeE
E = (Qi_Qr_b)+(Qa_Qs)

.~ Q, — Q) 99 NN AT Farzw

T.—T
R=&=0.00061P = 4
€s — €4




_ 46. 08(31 — 82)(V2 — Vl)

(T + 273)In (—

Z, = A [N Oel, m

Z, = (P4 5 OOl m

e1 = Z1 S A=A BIA, mmAATIN BIA

e, = Z, B AA I, mmAATN BIA
km

Vz :Zz WWE'@,T

T=2,82, Wﬁﬁﬁ\‘)i@%@ﬂﬂl&l, °C
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NN NYITHE NAA]T
(Infiltration)

8.5 ST

% WWWmﬂ?ﬂ\aﬁm%

TSHF AT Sfofldg AN ofNgF N erag
TOH
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Q

~— Net rainfall = volume DRO

~— Crest
r Falling limb
Rising
limb .
Direct runoff | l'::ilgl“io“
Recession (DRO) | P

|
| ~Recession
I |

Base flow (BF)

Time




>.¢ SYATITIF ANV
TAGN INTHATG N TR
f=fc+(f0_fc)e_kt
fO _fc

k =
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LT W*1- JEATS 8 AN-WTHD NTLT T

0.5 9IN-\{%¢ (Runoff)
FIECAD JATH]; JATHRIT PIEINL AN-

0.2 dIVN-BLZpd dP B (Unit of runoff)
BREIR

0.9 AN-VHLFH AONIS FATT FIAT (Factors affecting the runoff)
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PIECN0
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V.Y AN-WCHT AU [T (Computation of runoff)

Y. IS ©LT IR (A

2. VA SRR 5] B

O, JIN-3p H g JI]RJIF PLS
P) ENGL A& (Englis formula)
) (AMTI] S qg (Khosla’s formula)
) MR- 9 4
9) [t ~1- g9 5@
8) N8 GR ARMI & (Nawab Jang Bahadur’s

formula)



JN-F T2 8 JRATST ATV G AFE NG -

AN-IF FZ: (FIN JAFIR AN-CFF T & JAFIR
IRBNTST TYNO(F AN (- AFPICT AT -5
NERECIELE

33 (ATF AT

12/21/2023 5



32 (ATH OIF

©. AN-H g FIZE A
SENGICT & (Englis formula) R=0.85p—-30.5

R_ P-17.8 P
254

) (AT g (Khosla’s formula) R=P-— L
2.12
R=P-0.48t

) AROA-
Q :CA 2/3



v) f[OlFa- 99574

Q _ CA3/4
9) VB Gig AIRMI 31 g (Nawab Jang Bahadur’s
formula)

0.92-1
=CA log A
Q ( 147 j

1
= CA|10.993 ——logA
Q=C <0 3 14log )

AR (TP P



L. JJAIR EI|§I. ] PIv (Flow-duration curve)
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Flow Duration Curve
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0.8 dIV-Wp 9 AN R (Components of run-off)

%0.¢ §IY AR-WH
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Y0.¢ (I 2T (Basin Yield)

(TN (ATOF NG (TF*NN NS TSI AT AN “Afqaw=

5;1 + }) = 5;2 + l;
CSIBDERY
t2
£, Ag
t2

ij=P—E—AS
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Yo AQIR "3I|§I. ] PIv (Flow-duration curve)

¢o T
WH-THGTA0E G
\

8o .
= . > e
- \
E N \ > *
» D0} /
E 4[ N S L

20

b3}

e ¢o

0.5 CFI-NTH FT©

(Flow- Mass curve)

12/21/2023

Flow Duration Curve

S
N W B O
O O O o
1

Rainfall (m3/s)

=
o
]

()

25.00 45.00 65.00 85.00

%

318
268
218
168
118

68

18

Flow Mass Curve

—

/

/

5 6 7 8 9 10 11 12 13




