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Hydrology - ~ (eoscience that descrives and predicts He Occurens £ civewlodion
of he eari's frosh water.

1ony shoutd we study hydwlogy ?

. water resoures Wn.aibmutt :meeb’»g dntrepsing watey 2eeds wnder a,

tmm/ anis : ﬁovdsnml droughiz.
Woter Budgel Equation

A5 = Intjow — Outtlow

2s= (PH4a)— LEAT +Gout + @) Ava s T p .

hage 4o
sﬂm%/

Intlow J P Prectpitation
ln: Growndwater Inflps v the vegion

outttow [ E 1 Evaporation
T ! Trangiration G
Gout' Growhwater aubflow fram the rzegion
R ° Streamtiow ‘{

Application of Waser Budget Equatio ot 2
As= Inflow | — outfjow
S water avaipable for use

[ ) 1
S
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Topizs
Introduction : Wydrologie cytle ,wottr budgel , world weter guaniitics
Precipiiation
Intilbrabon
Exaptration ard Transpiratio
Runoté anks hyorograbhys
Floods ,Aeturm Deriod, anslysis ard. Aoub‘;%_
Groundwatrr  Hydvology
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Mar}wy I~ Quizaw X5 —25°).
Midsem — 30
Grdsem. —45/.

Precipitation o
Forms of Precibitation
Ratr
Snow
Drizzlo,
Glaze

St
Hail

WATER VAPOUR

A
Ans Yy fy n

Preeipiiabls waker : mass of waty present s A stakis aiv columm

" very small

Yropertipn gt Wetor Vapour
Density of air(fa) =
Daw%y of water vapouyv (f,) = %
. e ~h
speelfic wumidy , 4, = =

pla=mAT = b= W 1-_&_, SfabaT

MM
eVa= AT = &="y R"\T = R T = T
gi\zv Vo (M MMy fi b
g=Ff=__RT = eMMv =& 418 —0-62¢2 = 0é2e =4
o PMMa P MMs b 29 P P

RT
For a given temp.,tnere is a mmaximum moisture
imtent M ar wn hold, and e corvespondin
& = Glléxp( ‘727 T) vapor pressure is called satiiation yapoy pressure.

&s

For & grven temperatue, | b=des = 40056

aT (257302 | o
L

=& xloo
& A"
Used S weather abps. pﬂ
WAL humidily is ditterent from Tedtive umidity vASIVE Sy

The tembperature at whide air woulh fust become satuiated gf a give~ specl fie
humididy. At Y ponk, puration vabor pressure = aek ual yaprr pressure /g =¢e).
For & given air with & give b, whan we reduct e emb e ability t hold
Moisture Vo ,air Wil beont more Satuvatd. in winttr wattr startd (onvert:
do dw we. tough . . . .. Hemidicty T\ more. vapoy pressurt , komber ature Veo.

Exampli

Alr pressure = 100kPa, Aiv sample wilte tempeyatune T=200c , T4 = [6°C .

q) lwlate e spturatine vepor pressure

B " actual " "oat 20% .

L) TelAkie humd it

4) speettic Mwmdﬂg-

) air density
S0l
a) eg= .sllaxp( [7.27X20 \ = 2229 2 or 2 339 kpa
2373420
b) € js talewiated by st og Just by subshtutﬂy. T2 (dew pe-temp)
L= 6(lexp(' 1727X1€ \ = 1819 o or |'-BI2rfn
2373+ 16

e) K= éx/oo: 78 /s

a) 046228 = 0622x1813 = 0.0/3 water kst air
%= 2 190%103 K I
@) Ur devsity £ bo calwlated. from idead goo 4™
= P = _l00%10%
AT 2848%x293
S

T=20°C+ 2783= 293K
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Water Vapouh o~ g stabic Atmospheric. Columpo

—dT - = —dr
ﬂmﬁm Fa X — dz =
pV=npeT
b=ART =fikaT > fi= P
mperare T s Fat
ap _ _
iz S Tz =T —Alz;-21)
—dp= ﬁl}¢2=ddm4)~knssw&
dp=fogdl = P2AT o dp= & dr
&ﬁ% BaT2 ] P Rt T
ba T2
fdi=if£=>u_@)=_&u_é
b P Racx T,T b1 Ract i

= (;z) 9/(ka)

2

Precipitable Woter The amount of WMoBUIE Lin ay akmvospneric colhmp.
22

9w =[ fAd= £=95

— T zZ A
= = ﬂ, A = st
/
In ath discretized colimn , uwy aerage

z —dT - &«
dz
)
7 T Alr (mside ot exchanging enrgy tolth surrolwiding. .

Rate at wohic iy inside"the baloon cods (purdy due o opansion) o colbd
adiabatic lapse rate

Saturated = 5°C [Kne

TLary, unsaturmted = 10°C K

(2
Levdd of conveatiov (LC): maximurne height aequived by #e air paral
where  air parcl  temp.= Wmm% gemfo .
If- deo point temip. & achioveds befpre of comwetion , Yun LU be congemad.

7 Lowd, tormation it L LeL

!
? No liuds pormation i Lellct
\

TA T

Steps IWolved 4o precipitatiov :

Coolin; of aiv to its duo point by u‘(—tfﬂj.

(omdensation of water vaper

Growth, of water dropleis by coalesuny and colisin

Precipitation of water droplets whas Sy beome sufticianity neayy.
Pressure systems

— _ NT warmer Qv hoo higher pressure
9w= 9, Ad= 2= Utge cold.  warm 8 &t higher Aevth
. 2 ir air K |
2= Far 42z §
s land. surtace presswe. p
Exambll  ipjepiate precivitable water i a saturated giv ol |6Km Wigh above
1m2 of growd surface. surtwee pressure = 10)-3KP. , surtate air tomp 30°C .
lapse rate =¢-50¢ (Em. N warmer v heo higher pressure
Lol take 2= 2Em 9 2000 T B0% or B03K cold.  warm 8 at Wgher Aevtl
2(=om o= 659 )Km = 00065 %[m air air ]
22=2000m I § _
2 T TR P pkim?) ecs) G G A Qo (ka) Land. Surface presswe. p T
0 20 303 10)3KkP 116 424 00K 4 11 a39
2 17 200 804 097 184 00180 s gga 202
+ 4 277 432 673 0-81 06:0080 po0gs 072 @b
6 9 x4+ 491  gés 03 00038 povos 058 33
g -22 25 316 0-52 o0 00617 doniz 049 1l
o -35 238 285 0-42 003 0-0007 E
Thi,, total mak of preepllable wattr = 77k <
Evaporation
Baintall Measurement Bain Gauge
hyetographs (also walled hyetmuder) Potenial Evaporation : Rakt of evsporakion wndtr unlimitede supply of water.
Cummulative Yetograpng : mass curves libping bucket type rasn gouge () waler bodieo tike lako, scens, saturated il
Us standwd raum gauge
Need (v spatial Awmzfrg of ramfatl Prergy palance thad. . Net Radizti
8= (Prgpn) - LEATHGpubr 143) vy S1oh Ro= 8w, —SIOp + LWy — LWy
Thigssen, Plygom Methad. B Jur
/N Avrage precipriation Ay 5 T vnter toty o sotmated il
\\ = w penp. bisector
C p= LS piAi
= LH—lpgent  hert — energy consumeds s prawe amnge frovn Liguid 0 vapor:
\ A= ZA SH—semble heat — energy trawsfer due to temperatire difference
b —Ground, heet fux
Storm. H—energy stordd sin B top layer of water|soil.
) Depi. Al = nffor of anergy — outflow of enetgy
Intensity = storm Depit dat
Puration i = B —LH -SH~-O0 M — Ry —ci-sh -~ LH
e £ L “S)
LH4SH=Kn ~6 —dH wek stk Bt
&QJM_&@ mex oK a@ Fodjetis groot et et
= Ibs X (ﬂ )
max My s Gn= L1+ sH
Py — maxinumy vase otserets e
Mygss — Precsplinble bater m #e aby of By .
w7 — A otserveds  preipitble  ponter. Maximum, rate o eporakion whi G,=LH .
M/#: lite AR A Ep=mm]hr
— ermge no. of Yeus i whik TaintRll of X o exceected . i — ] W)
[or af WW’(‘HJI/ X> u expeeted 1o owuy) AXEpX fy
LH= 3 x mass of weter evapowted, por wnik tme = pAEp
| Rrz)=L 11 | | t
et | |1 1-B-Ix¢x) latent  heab OF vaporization
max. m v 2aindAlh fov whithe et Poviod 41 S b 2l ated. Gnergy onsuwmed /nrmmh'% 19 of water from Ligid to vapor.
ity |’ a=25x106T]1g.
rainfall Pr(xgx) = m(XLx)
Ouratiov 2 4" LA = @ Ep= @n
10474 Lt of datn L fad
Intensity - purakion - Frequeney ( T DF) analysis I7ALg erpy

1- (ho a b 4 o vetww peried.
2. Annual, maxmum rantad an dpration D —> Zi
3. Avrange Xt 0 dsunding. ovder= vk (=42 M) IDF curves
4. tr(xgn)= <
N I»tmsif]
5. Rebumn, Period RT(2)= __ 1
1=Flxsx)
puratiov
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Aerodyramiie. Methods - Etfet of Wind and, mew?

Net Padiation R,
I T
l 1
§ P I § N
i ir ftoo ——
§ . A t
3 3 S
; AV TR N ;
I o B N et A A\
wind, veoul Ay temperabire Specific umidity
% s v

my = = fa Kw aw = —jﬁKwM Kuw : vapor addy dﬁﬁl—sfw'la,
dz

zZi-z2

Km - momentum. mmsim?

= fuhm 2 = fp fkm Y22
dz 2-2z2

E’ = 7y = Kw K2 (4w —9us) Ll -th) K: von Karmam tonstant = 0-4
pagro 7, Frkm[ tniz2/z1)]%

Epaero = Ke (¢5-€2)s €, = saluration vapsy pressure ot o wator surboes

22 = Vapsr pressure ot a fixed height fram the suvfaee (2m)
Ke= 062 Ko K fo Uy = bind vilouty b 2 bixel hesghts trome #ha surpaes (2n)
P Km

g=o062¢/tn

U= 0 (zero vel at surface)

s 4o known a0 gilimabion of Leaporatioe by atkodynamic method.

Lombining Entrgy Balawer ard Aerodynaniics : PENMAN EQUATION

Ep=&n A | kouples,-e0)
A BAY Bl )A+y

Penmans equation states st e potertiol buapoation io the weighted average ot
cotnbubipn of sdar radiatin ard. wind advestion .

Ep=Pr A | Kelp (Ey-02) Y
pﬁ.muy"'sle”z)“
Wlght &7 tnergy-basthe evapomation WUt for Winds  adveetion based, sxaporatin,

p=_4098¢ Y=CohnPa =670 /K
(23:13+T)% 0:62KwA

€5y = saluration vapoy pressure ot a fixed height from e surfre (2m)
4= dés Y= psychromerric (mstant,
ar /
T

+ 1 t t t t
< o s 20 28 30 3s 40

Temperature [°C)

PAN_EVAPORATION METHOD
As=Inflow — owkflow =P—E
S-5=F-E
GE=P+g)-S,

Epan= St —Sz+ P

Elpke = EM}C Kpon.

Kppn — pro~ cotfffeinit (<2)
The average. valut of Kpos do 0-7

Evapotranspiration

Evapovation yo sum of avabsvation (fram waser bodies) ard. trorspiration

-

PENMAN - MONTEITH _METHOD FOR POTENTIAL EVAPOTRANSPIRATION.

70 eohyoatt evabstonspivation. ,
we et a methool calltd
penmizi = montelth mettod.

Ep=_062fa (L —E2
P 3 ("&+n )

Ep= &R Acr (o, -e.)
P FA+A7‘4,(SZ 2

A+Y (’Ta_;‘ra)

Penman Moriei b 44 is waed- 20 esimalll e £70p waker vegui remnds i inrigakion. sneduliing

ds how easily the Vegetatio~ 4o travupivivg wates.
i it s closing te Stomata, e vesistane will ke higher."If qou've more. 70 of
deaves 1h 4 vegatalion, te vesistana Will ke lower- Mto it depends o Stage ot
plant growth.  lnitial stage — Wigh resistarnce
Watire siage — low vesisganee (12g- moe water)

vepresenl:  efteet of
No. of deaves | Leaf density wind. move Wind, more 7.
Stamatal opening
Stage of jmu#v
€8, — sat. wapor presswe at legf surtaee
€2 — vabor prossure ab a4 Exed hdght above sdrfaee (2m)

The  qerodynamic resistonte . be estmated from wind vawt’ Measlge ments

%= bfZm—d _z,v(za —4) Zm : helght of wind, measuremert  (3m)

kil Foh, Zn  neight of humidity mesurement (2m)
k*uz 4 1 067 % plant haghty (W)
Zom: 0:)23h
Zoh: 0°10Zom

Howerer e eitimation of surfae resistance o very ditficult ao it mot only dependo
o e pusiologiol characteristics of plants but alko muteovologicol vaviablas.

= &R Fate = =) =N
Ep= #Rme +AT les;-e2) gw TIIL ==
T T T T ballTart
A.(.y(’?:;:’a ) = ;1

7, 4o esimateds from observed Ep

il f’ .
i»:f‘kamf'..wmﬁa‘,
measirements hrough libration, i M ¥

Irmak and Mutiibwa (2010)

Actual evapovation < Potential evaboration

EVAPORATION AND EVAPOTRANSPIRATION: SUMMARY

TIAL : Rate of under
unlimited supply of water

+ ENERGY BALANCE METHOD

S a_,

B=2 =R, ~%-¢
- AERODYNAMIC METHOD

Ey = Kgua(es; — e)
+ COMBINED METHOD - PENMAN EQUATION
- 2 = 3
By = eyt Keta(en e s

* PAN EVAPORATION METHOD

pan = $1 =Sz + P Eiake = Kpan X Epan

+ PENMAN MONTIETH EQUATION FOR POTENTI

EVAPOTRANSPIRATION

Example  Lraporation rate=2 by ency balame meMiod — opu~ water sutface
Bn = net madiation = zaow)m'L Airtemp =25°C
Assume M0 somible heatov grond Fux .

2t
Er=% =~ fr = 200 = B822%16"8wm\¢
ol Aukv 2441 X10% ~927 2 T-lomme | day
= 2500-F36x25 Lew
L‘D

Evample  gy=7 Mndynamic muthed , 00~ water sunfee ; gir tenp= 25°C. K, = 40°/-

fu= 1013k Yp=Wind Speed = 3mls Zp= 0:030m  Zz= 2w
it B= 0622 KAWL _ 0432% 04 K 1I9x3 = USEx I neffus
PPull-lzrfzo))*  10)-3%)05X 987 [ (2] 700" ]*
Ea= Bls-e) =B( Om—Rubw)= B[ 367 ~ 04X3167) = 862x6m

_: 7.45 m»)a@

Example  £p=7 tompind etk opo waker surtses , aiy terbp 25, Ro=0Y
Up= 3mls, Zzp=2m  p=]oI'2

Sotn J= kb x C(1f2]c - L4
062 K Lo By +

A= 4088¢@s '\’@9:504:?“‘7fz» 25°%

Ez _& gy« L Ba = 7-2mm[dy
By 24
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Infiltration

Whak 4o infiltration? —P P
Infilbration 4o e procers of

wator Pm&ﬂ’aﬁrg from the T
ground, suréaee ” into it soil. ?

Rainfall ~ infithratipn oS
Surface yunoff '

Applications < Atreamblow foretanti

Wbas drainagl systins and grea~ infrastructure desige.

Lnwigabion  systemo

An Lxample from daily Life — mtm‘o? of Hower ol [grew. plarts.
raie of pouriny

l of water (p) 2p = bime nfpondoy

74)= rate Dr‘pohdinﬁ

l ratt of
infiltration (f) |
¢ — ptd INQ vit)=blt) ~f (%)
—— fd) 2p I. S
s Himelt)
o AR

Soid Pgrosigy and soil Mpisture

it f’orvsity =7 = Volumne of voids

dotal volure
ot T =@ = Volure ot water (Vo)
total vawre (vc)
L84y S golid +void volume
Vip= & XVT
Dareyts lowo
9=-Kk
Avaas tunit & / 52
[ o 5
z ’—’_@ @ otfhieiont of permeasibity |
Lr A hydroutic condluetivity LL]T]
bagum :
450 — fow “akes plact um +ve z dir
h.=_e+z+ vZ o(_)mzrgqm (ubrigrds)
7 unit wegght 4o — Haw dakes pliee sn —ve z dir™
= éj 4z Ldownawards)

4.—»—}(_;3_;—_\— N f >0

b
satuyatad,
J nydyaudic [
$= kst Gpucians 4 m)[aim)}
h=z +P tant
‘ bz Kpoums cuckion heod, T
7 —F
=K8) 2 (= + V(©))
22
ExamPL : wiat is e Elow per wnik ank asd 4o which dirn? =0 by sakurated -
zZ=12m Y=-22m bz=Im
z=02m B> -05m K= 4x10"%m | day - divmeter of
Lon: Soil pavirchs
o= S <1 §= ~Kok Wiz Ytz = [2-22 = -]
© oz hp=Wotzy = 0:2-05-0-3
G= K = —2aw6"tm  —02-C1 _ 28x10"%md
2z a4 02— 12 ?
=@ A>p=2% = 28%167% /mi
9 @ Aotd Aty
2. Gactnds =
Gram Ampt Equation
Arn = wnit 0 7
L/ﬂ:[ web soid
ol
by "
/= ] | =g
tompletely d
;m N | 950”‘/ v

Tgrefore ab any time . —volure of goil
total Volume of water infiltrated FLE)= Vexy = LUExAxy = LIE)X]xp
Fli) = L/,g)xy

I e maximur yale ot whickh water o
mun'vy e soll.

Fx=%2

q=—Koh = “KsPh = —ke (L) -B) = ~K5(/+24 )
32 722 ~Llt) =0 Ll4)
Oh = ha-hi e
2 Ziz L] [t

Completely dry
. suction head at 6=0
M= 2o +Vo=-Lit) -0 e wetting.  fronts

Fa (8)= 9= ~ks( 1+M) lrean Aowt Equation
F)

lreene hvpt Parameters B,y Y,
SEETETES S R of ikl —p
: J " 2. Potentigl Inpiltration vate ~ fx ~2 ot ackual
3. pctual nfiltration vote —
#p= e of ponding , ri#)= rade of ponding

N ’I -
%p ', \\\:www F(2)

Aime(2) — w2
1 <2p £74P £72)
- A7)

Intially b 4o drives by suction b friction ard graviy.
At small times, %ol iy very large and heme
FLE)
suthion fovee domurate at short time-swales.
At large time, Yol 4y vory small and nene
7

Friction and gty foveso are move inporiasts
ab longer time —scales.

Whene blt) < Fx(), fC£)=pit) FlE)= muin (DLE), £ (£))

Whee D2 D Fx (), FL£)=Fult) *

El#)= / oy
o

QUESTION. 4t 4 given Hime. £, #ie total voltime. of-Water Liv the o ssils o the same.

Filt)= F4)
Whith sail sampe Wilk have a bigher maximur, allowable infiltration fy (£)1

%j, pl %i p2
N o O

Lo~ f,{x)l > Fule),

higher vainfall will have hightr fy (2).

Ll
Z GREEN AMPT EQUATION : SOLVED EXAMPLE

= 034
Vo= 167 um Time Raintall, Infnsity
Ks= 0-65cm|nr (hrs) (uninr)
Te raintall nbensity variation is as follotes: ~ 0 l|42
-2 -5
(ltulate Hwe actual, infilbration vate as a 2-3 -6
funchion of tine Using the Uren APt quation. . 3-4 -8
4-5 13
BoN  To find rate of infilkration sn time 5-6 9
dntorval it . &7 I3
7-8 08

1. Catewlate cwmvnlabive ufiltvation ot a time )= F(41)
2. Use lren Ampt equation 1o find potential infiltration vate
Fultizl= Ke [l + %.)
If rainfall during ki-1r o Jess than ¥ (£,) Hun  actuod mpiltration yzte
FL2y42d = precpiation pli,42)
lf yainfall during i~z i» greater ton. fae (41) Baen. aetual ingilbration rate
FLti22] = potentiol dnfiltration vote fy Cti.22)
4 Use the acturd  infilbration vals 1 compute the tumulative nfilkvation

at the end of fime t2 Fl42)= F(Z:)+ fL1,5)%(22-21)
S. Bepeat e steps | -4 fov next  time steps.

™

P F £+ [ f
cumulativ ntial ' Sctel = 034
Time (hrs) in{iluatio: infil‘:;:ionara(e SHHED | e ‘\Z = 6°7T e
() () (cm/hr) rate °
(cm/hr) Ks= 0-65cm|nr

0-1 0]Infinite 12 12

1-2 12 3.726 15 15

2-3 27 2.017 16 1.6

3-4 43 1.508' 18 1.508

4-5 5.808 1.285 13 1.285 Hme at whict p):{‘*
5-6 7.094 1170 19 1.170

6-7 8.264 1.097 13 1.097

7-8 9.361 1.044 0.8 0.800]

Actual infiltration

m/hn)

—— potential infiltration

Time(hours)
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PONDING TIME (2p)
T ponding. time 2p, i @t lapstds tire: blw the time vainfall begino and-
e Lime “wettr begine do pond on o seil surfec .

Bate of muintall — p — pl2)
Wotential Infiltration rate — fx £7%t)
sctual Infiltration vot — - : - = )

Ap= time. of pondirg
7(¢)= e of pandznj

N\ I —
: S~ :(t) bl2)-f(2)

t<tp tp iyie simelt)

1< tp — rainfall intensity < pokentiol infiltration rate
= A0l surfact unsaturated.
1 =4p — begitd whon yunfalh intensiky 7 potential infiltration rate.
— S0l surfact spturateds,
A7 AP — satirated zone decpens into soil and ovorlard Fow oicuvs
from e ponded water.

5 #= KS(H%J
Fltp)= botp fo= Ks(H‘ ;‘%)

bo'tp = Kslpotr + %7
2pL po* - poks T = KsVoy

tp= KWz Ponding time. wnder the constanss ranpal
PolbomKs) | intensity using e v hmpt equation .

Example © Find tp and deptt. of- waker infilbrated at pondirng for a sk
loam soil of 307 initial ¢ff. sattvation ,subjtet o yanfall " intensitits of
a) lemlh

&) 5um)n
Sgoln dp= KsB’l = 065

T polbo-Ks) Ty =568

A) po=limh — p= 105 —> = potp= 10-50m

b pp=sumh — tp= 0:1Th  —>  fFp=potp = 085um

(10 min)

Measuremmts of Ponded nfiltration Rate
Rivﬂ, mjiltrometer

Ponded Infltration Bate Equations 1w (k) — irfilbaabio. capaciy at time % b
ink v ramfrsl

Tabe
Gamlnr N>

Fel#) = e + lfo—te)e

Fb ()= Ks[I+M)

Bme tha) F/J_}
fo= imitial jnfillratis. rote at t=0 Wo = copillary suction at
125 wlbimats infillration wpacily at 6=+t webting front
K = Mortms dieay  cothhiiont K= dary’s Wydralte codue.
4 — time Lo~ houns) 7: porosty

S (E)= at™*

fult) = '2I—. 5“’_‘/24- Ke
adn —comstants

8= so-rpHvl,éy, = SUction vate
Ke = darey’s “mydrawdic amducﬁw:?
PONDED INFILTRATION RATE EQUATIONS

oy 5 1
Phillip's equation £.0) =St 4 Ky
= Sorptivity
K,=Saturated hydraulic conductivity
Horton’s equation FO = fo + (fo—f)ekt

fo= initial infiltration rate

All these equations express
potential infiltration rate as a
function of time when the
fe=final infiltration rate surface is ponded.
= dacay;constant Hence, these equations represent
the ponded infiltration rates
Kostiakov's equation and not the actual infiltration
£(0 = at rate.

a and n are constants

Tiese art all for ponded state ,night fram t=0. i the soil has not undergore
pamu‘na s, we canrst use these equokions wn won-ponded state.

T use um A Non-pended state, we o Ust e tollowirg 2quation :~
fa=hs (14 Lon

Ft)

~V2 ~\lz.
Ex o Puiips * (t)= 1L st "+ K Ks< st
Evample:: Znilips og*  Afx ()= L <

2
Ponded, statz fe (£)= %-Vz = f(t)

Flt) = ff fhlat = L ’_s/z_"‘ = st
2

7= Fu) = [fatt)= srs = ==
= 2 Fl4) 2 £LE)

sork mvisture at sohich, £loeo L the soik is 0 (zem).
=) Oh = - ) |+9% >p, 2% > 1
4 KgE; KS(I+T;E) aL>’Bz7

o _
2z

2ot maisture. who W<~ 147% 1052

Bdlow wilting poink even if- plant hawe water, Ut wont be able t use it

n
Osc
Buwp P
*
S¢s curve no.
e FA method
Scs Method, [2=et |
Ta , Initigd abstraction
A, C‘mtinuiﬂ; avstrackion , infiliyation after vainfall
Rainfall e, effective” yaintall (runotf) — total dept. of runoft
Take produced, during storm
F  potential infiltration rate (not hourty)
Hme

for ca‘mﬁuh‘mg depth of exetss raingall |
direes runoff from a storm

o= (P-Ta)*
P-Ta+5

Po ! etteetive raintall (runoft)

P storm qoinfatl (inches)

S parameter velated to wrve Tumber ((N)
5=% -20 ;04N 1000

Ta=028

%= (P-0-29)*
Pt 085

P- storm rainfalh
(inches)

Sol™: ighted. CN= 4038 + 4240 = 838
too
8= [000 — 0= [-93un
N 536
fo= (P-025)% = (5-02%193)2 = 5554,
P+0-85 5 +08x%].23 i

Soil type

Growp A:  Deep sand, deep loess, aggregaicd sils

Group B Shallow loess, sandy loam

Group C: w sandy loam, soils low in organic content, and
iay

cantly when wet, heavy plastic clays, and

Growp D:

Classification of antecedent moisture classes (AMC)

4.2CN(I for the SCS method of rainfall abstractions
CMD = o 0.058CN(II) Total §-day antecedent rainfall (in)
AMCgroup  Dormant season Growing season
23CN(ID) 1 Less than 0.5 Less than 1.4
CN(I) = °N i 05011 L2l
1050 BEN(T i Over 1.1 Over 2.1

~basth on lond Wie land cover (LvLe) and. infiliration
Qdgh N — Jess Infilbration — move yuoft- (eff- vainfall)

= (M} weighted average for mixtdre of- LULC.
Z A

EXamplL . pombute Tundtt from 5 inches of wainfall on a 1000 acre watershed. .
S0t Group — 507/ 50/ B and. 50/ soibC interspersed. shoughodt .
AMC I i» assumed . land use is 407/ Nsidentiol area i-e- 30/ impervious
12} yesidential arga i-e- 60(- impervious

IFAMC I Jo assumeds , the oquivalent curve number will be
CcNlm) = 23N — 92.3
1040 BWITF)~, 939
8= 1000 _ o= 0854
()
= (P-025)" = 434
! _P+065<p63 T

change 2 runoctf
Lp=418~325= (085
or 27/ incrtase
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mfiltrotion T inflbradion ¥

Example - @ Tunoff ¥

runotf ¥

ot

" Ldh_idh i

time

Here zyen//hb? s same , Just te mo. of days are different .
Will the effcetive minfalt be equal ov different)
sotn A > PP | case A wis have more yunott

Summarize. — Rainfald

— Infiltration

— Surfact Runoft
HYDROLOGIC PROLESSES

SRS e\ 2 S

Evapotranspiration
{ Rainfall

Surfac
face runggy
Infiltration| =

Recharge |

HYDROYRAPH.

Run-oft/ discharge (cumecs)

1200 000 1200

Day 1 e Day2
[ sommnon B Mo ez o

:momr for previous vasy cordition here
adjustments done
— Evapotranspivation
— Recharge. groundl. water
— Baseflow — contribution of round water to flol 4. otons)
streams

Streamflow =
Surface runoff + Baseflow

Surface runoff: Part of streamflow
generated over the land surface  —f rapuent

Baseflow: Part of streamflow contributed
by the subsurface and groundwater ~_ vzry sloLd

Streamflow
m3/s

peak. and. yunoffhas a la
as latthmunt Si2e Tes, more water
stgrage capwg L

* ordinetes of DRH = Ordinates of FH— Baseflow
duea of DRH= Voluwe wvunoff = (= of ovdinates) X 64
Yolume of- Runoff = Catthment Aves X Rumsif Depi.

Runoté depl = Vil ot Twiotf = Area of DRM
cA

CA

fointall Runobt-
Rate Intormity
.
(malr)
123 4 5 & tm) I 23 4 s Xty
Himp| vokunt © Area of ERM = To kL YUnoff deptts
A © Anea of DRH = Volwme of runoft
2 A+ AL  Yolme of runoff = CAX Runsff depi-
3 |BAF 2l + 743 © Avea of DRM = CAX Runof# capio
4 |TpA +B A2 + A3 +7 /e
S %A+ RALY BA F T A
TRAVEL PATHWAYS OF WATER
| \ \
[y MR A
\ I\ ) AN B
|
| N N
% 7/\//\\ _{
__/// .

Time of Conuntration
Time takew +o drowel from & wydrologically
most distant point of the watershed to e oublet.

Rational Method
Qu = 0-278xC X ixA

S———> for small watzrened, (arounds [Xm*)

RATIONAL METHOD c=vndf <
THIfA
Runoff coefficient

FAT ROLLNG  HILLY
0% 0% os
0% om 0%
075 os  oss
oss  oss oss
Gk = 0278 X C X ixA 080 s 088
0% 00  om
api: peak discharge in m3/s o & G5
iz rainfall intensity in mmy/hr LR |
A: catchment area km2 0. 025 025
o0 o0 0@
C: runoff coefficient 030 030 030
0% 0% e

o 0o o
0% on  om
o0 0% os

o o015 o
o o1s  on

0% 0% ox
Uniageoved Aves o0 o0x 0%

Return Period = Ouration =~ ~————""~—~_ 5 BT =_ 1| Annual raintait
Choose Intensity thal has tws durabion|retune periol Plexcadence)  pear discharge

Find plak discharge

Foxr s duration = bme of concentration

Wkensity = constant

o s works Only for cumulative.
* U dosont give hourly rainfall 7ate.

Note: I aan be defined for
lymm [lem )l dn . i 4is Colrse
we use "lmm!t

W.io a direck rwiotf hydrograpl. rls'”l"‘in; From a wnit deph [17:»1)70/-
oeess raingall (runoff) pumm; unifoy ity over B basin at 4 wniforn
ralt for A spefied duration’

Unit Hydrograph

UM —> Runoft = lem { 2an jind. from. @ indax wethod

DBH —> Runoff = Rem —— vwnoff dept.—" L B= P— @+ by volume

Ovdinate of Un= Ordinate of DRH y | cm, Peak of U= PeaR of-DRH  jepm.
Rom Rem

Ordinale of DRM = Crdimate of UH y R epn feok of DRH= BRI VH » Rep,
lem lem
Area of DRH= Vol. of runsff aue 10 Rem Tunoff aepih.
/4)—& V?‘ UH = n 1 n R P ”n o
R em [onvert o m)
Artn of YRH = (Catohment Area) X (Runoff peph)

Ara of b= ( v ) x (0.01m) m

For duratione D houyp , awerage inensity of Tainfell is 1/p em A7

Time Invariance Linear Besponse
ol ® e = T2 R
3. runoft
A S —— Aepitn
fF— + t
For same. cakchment and Ti TUNOFF dep#e —> Y, ordindls
same Aurabon, = spme- UH T runeHf diph. —> Y2 ordivate
B wilt not vary with time (1 41,) ywnotf dephe —> (1+Ye) ordinate

Effective rainfall o wniformly distrivuted over Y1 entive catchwent ares
Rainfall Intthsity Is constant during e storm period.
Unit hydragraph, cannot give THable  result for basth > 5000km* oy <2 km?.

l. Seperate baseflow {rom a flood hydvograph to get PRH
ordivate of PRU= ordinate of FH — Bas¢fiow
2. Gdwlate Rumotf Volume = Area of DRM = (= ordinates) x At
3. Runot{ Depth., R= Puroff Volurme
S il ecess Latchment Area
4 Ordinate of vH= Drdingtt of ORH y |op. | PraR of VM= PRk o DRA . jon.
Rem Rem

batz giva: Runotf depth (Rem) , Baneftow , Ordinates of VH
I Ordimateo of DRM = (Qrdinstesof UH x Rern
lom

2. ovdinateo ¢f FH = prodinabw of- DRH + Baseflord
Aman Kumar Singh \ IITK




Wit dipit.  Discharge UH—> pRH
s
cHube f D nonwr UH —> MmD hour UH
wapll 5
3 01224 %6 |- Mettod of superposition. —— N=12,3,... % (an integer)
Time (hrs) Time 2. S-curve method —— NF 1,23, ... 7 (rationas no. but Tt an integeyr)
n= Yz, Y3,5/4,!/#, 3/2,etz
Bawn (mm) b Effsetive wainfelh = p-f  [mm)
t Yo VT thow
b RN ) Appsa: Hyohology
" th1-5,7 vl o L Dnr UH —> 2D pr UK
#—sgived. exampis” 2. Praw UH of Dhv and ancter D howr UH by lagging D
; < : : Exgporation + U — 3. Add ovdimates of- ot~ 1D get 2 wyt of 2D hr DRH.
= 3 3 l 3 4. Divide ovdinate by 2 —> 2p'hr UM.
As duration of VH Pes | jts peak ordinate Ves and base period 1.
Discharge
(m®ls)
N By 2 v
01 23 45678 2040 12 % = Zhr UK > 4 1y 0K
0 Distharge (m?]s) :7_—’ How tv fénd ) Awo stormo a‘ V2 yunott dtpi
1
2 l
z 4nr UM
4 +
+ T, HLN N NN
j 5] 2 4 o1 23
7 + e vi=v = 1/y me
8 +
N - Bundft Aate = [Runeff depth.)
1o 4+ hrs
n Runott debd. i» ture , mot- vate. L
mutiply by ot daphe not o ? 3413
7
" + 4
Lap-we maRe Bhy UM frorm 207 0H ? < e UH, we nld o ondy core fov tainl
trme No, we cant e thio superposition Adph. 0 ba Imm.
mMeod. fov cowerting that. rainfall rate — infrltvotion vota
OH -~ Cathotnt, Pres L Assume catdhmrunt d;un’t thange
(m3]5) (V+ Uz +Us +Use+Us)X0-BX60X60 = Avea X (1 )1660) Mo nud 10 we S-uwirve method fov that. with Hme.
051 15 2 28 (fr)
Evample  Roingall of magnitude 38um and 28cm ocurring 4 two wnALcubive EXample  The ordinatt of 1w UM ok 68 min interval ave 0,7,12,8,6,320 s,
A dyrabiony on cA = 27Em* produced following Wydragrabie of How A 297 clome of 4o oxcess voinfald oteurvel i~ bosin from. | 0AM.
ot owkit oF cabwmant JL basLHow = SmZIS . Find Raintal excem. Coradsn eomotant bareflow 20 M3ls, the Elow i wiver ot 1P Wikt e ?
Lol Sob®
DRH = FH - BaseHow Time (hr) 1hr UH lagged 1hrUH | 2hrDRH | 2hrUH
FH DRH —— 10AM 0 0 Tuobf (Lxeasa yolnea )
Time (hr) | Discharge (m3/s) | Baseflow (m3/s) | ordinates 1 3 0 3 15
0 5 5 0 ‘Ln« 12 3 15 7.5 DRH= |0X 4Cm = 40 m3)g
6 13 5 8 "_9 o ig 7 o
12 26 5 21 3 B s FH= DRH+ BaseElow
18 21 5 16 4 3 15 = 40~20=20m3)$
24 16 5 11 T 0 0
30 12 5 7
36 9 5 4 . X
- > 2 5 Example  The ovdinate of kv LU are give IF two sorme eave lum raintl ixeos
28 5 5 ) and EWr duraon ocouv 4 suceswion. Coleuled Tesutbvig  FY. Asiune baseHow lom®ls,

(048421416 +7+YU +240) X X66X60
1Y 204x 16° m3
= 0'05852m ~ S T2umn

Ao of PRU = Vol Runoff = (Eordinate) 8¢

Runoff depth = Rumoft Yobume = [USOUX) bk m3
CA 27%108 m>

Qindix= PR = 38+2:8-552 = o i5Smliy = |35 mam [wv
T 4xL

Example  Flood datn and bore Flow are exbmated for (A= 600KmE . Estimiali 2xcess xoimboll-

n DRH _——PRU = FH~ Basctior
Time (br) |Discharge (m3/s) [Baseflow (m3/s) [ ordinates ekl
o 20 20 O
2 63 22 a1 Runot+ depit. = Eu'n:'; Vot.
- " .
4 90 28 62 0% 105
: - 2 37 = 0:0576M
; = 2 2 = ST-6wmr~
Ld 29 21 5
8 20 20 -
9 20 20 o
==z

Example e peak of FH due +o Shr isolated storm 4 A carhmut i 270m%|sec.
The total depth of ainfal = 53 M. ASsune awrage infilliabon lose  0-3Cm| hr. and
wnstoamt basefor of- 20vn3IS. Find peak of 3hr UH of i calchvaut -

W A= 867 1m™. Find bose widie assumiva 3hr Oh to ke b .

Bolhi- Pl of FH= 270 M3l

Pl of Shy VU = Peak of FH — Basefiow = 270-206 wm3)S - 59mT)s
Runaff Peph Ed

R= 59 - 0'3X3 =Sy,

somPls ANh of U= CAX L = B S67X 19/x107% = g.3 noun
£ 100 25X 1
=_1xBXS0
—s 2

= 6WrUH { la9oed bhrLM + BF

Time (h) 6hr UH lagged 6hr UH | Baseflow 12hrFA_| 12hrOH FH—BF
] 2
20 0
12 60 20 o€
18 150 60 220
2 120 150 1 280
1 220
166
126
9
4 62
60 10 20 10 40
66 [] 10 10 20
72 0 10 10

Example ysing the 2 UK given below , find peak Plow Tesulkivg frowe suttessive 2o
pextod of rainfall 04,08 1.2em oF TNt from a barin. No basefiore

2

Time (hr). ¥ hr UH ordinate due to 0.4 cm runoff | ordinate due to 0.9 cm runoff | ordinate due to 1.2 cm runoff | Discharge
0 0 o
1 58 232 23.2
2 173 69.2 0 69.2
3 337 1348 522 18_7'
a 440 176 155.7 0 3317
5 285 114 3033 69.6 486.9]
6 215 86 396 207.6 689.6
7 165 66 256.5 404.4 726.9,
8 90 36 1935 528 757.5
9 35 14 1485 342 504.5
10 0 0 81 258 339
1 315 198 2295
12 108 108,
13 42 42
1 [ o]

ok fiow = 1515 773/s
EXamPle Find peak of DRU dut to 3 suwomive 2y vainfalt it vunoft ety is 08 umih-
lumthy, (-2 anlimr TP .

ST S|

v

Sotn  Runofe dipie o =

i %

= 08oum(hwrx2hy = )bum B £
=T 1N xzZn = 2um e ; il 2

= r2n X2 0 = 24w i o - 1 fﬁ}

5 5

s i o

lolel

= 6 mI/s 12 )
Pk prH = 69-6 71 Aman sumar >imgn VI TK




Example 2y uH —> 6ty LM
bR = =LK waus)

Time (hr) |2 hr UH] lagged by 2 hours | lagged by 4 hours = £hroRM
o 0 e
2 20 0 E
4 10 40 ]

3 12 20 48
8 18 24
10 36 2838
12 43.2
12 24
16 8 144
18 o 9.6
20 [
2
2

Example ZhetM —> gy un m= 6. =2

3
Time (hr) | 3hrUH [laggedby3hours| 6hrDRH | 6hrUH S = PRH
0 [ z
3 10 o 10, 5
6 25 10 35 175
9 20 25 45 25
12 16 20 Bd 18|
15 12 16 28] 14|
18 9 12 21| 105
21 7 9 16, 8
24 S 7 12 6|
27 3 5 8 4
30 [ 3 3 15
33 [ [ [

unt Hydvograph.
Discharge
(m31$)
I [ 1 ue i
D 20 3D 4D 5D 6D P 2 i iy
time (hrs)
1 Time  Contyibwtion frore DRY
&= 2, ERnliz.mne ol [ In n
» Uy 0 N DU
2p M DUy T OV T DUz+ 70U
! 3D ToU3 T2DVr 7DUz + Y2DUy
6}“/ 4)  YiDva DUz
D TiDVs 7. Dlg
6D 2. PUs
» |
8p

# Mi=t2= Y2 (For 20 wnit nydvograp™)

S - Mydrograph.

Theoretizal hydrograph nsulﬁ;y o a conbinuous eHfeLtive rainfalt at a rate 1 mm/yry
foran infinite period.

2 5= UD
Uz Sy = UP+ UD
Jmm Dkcharge Us 3z WP+ ULD+UsD
hr (mminr) Us Sg= WPHULDHUSD +uyp
Us Sz WDt ULDFUsD +Uep + Usp
123 486-: ' +ime L) Yo  Spc WDt ULDHUSD +aD + Us) + UsD

After this valee of s-turve
Rmars Lonstant

How o find D unit hydrograph. from. s umt wdmymph?

/7 [ D wit hydrograph, lags S-ydragiabh by P-time

Url(t)= S(2)— s(£-T)

1 2 34 s 618 3 T
Example 2 pour U —> B hour Uk
Plot
Sag: S-hydregraph
Time Discharge U ~T s CmBls)
0o 4 o o]
2 2 2X2= 4 4
4 s 4 + sx2= 4 4
3 7 14+ 7X2=128 28
8 65 28+465%2= 4 41
o 35 H+35x2=48 48
A 48
14 48
Time (hr) zn;uk :s:_g_ﬁbs)la by3hrs awm Subtra and.
2 3 altvide by

Un 81) caleulatt discharge at
S T unknown times [173,5 ek )
S z by taking average of prev.4
WXE Yalhe o gencral
Using  interpolation Lieques

35 a8 345

CE361A

ENGINEERING
HYDROLOGY

Prof. Saumyen Guha

Aman

frof. S-Guva
Catchaent s —1
Flow —function of space and. time Basin =
Flow at & point — time Watershed

Flow (—high #hoe  lov quration,
low 7z gt durations

Ty o work witl Fined vesdutino possivle.

T dsign bridge ~ newd max. gatss o~ ¥ Apmial Maximen
¥ mds . zo0 years, (1019 records)

@=JvdA

S5 dhi W
© average velpity — How to measure
Ve (dyde = Yord it Ypod
o : ~5~
For shallow channels, lower

if-total deps L 22 S
@=£Ch)

Biver Flood, Plaus

— /~—\

hig vipter Werr Twe & Moy .

Flood Analysis

(- Flow dependabibity * Flow purations curve

2. Reserioiy Lapadity © Flow Mass Cure

3 Flood eqtimation ' Flood frequonty analysrs .

Aman Kumar Singh \ IITK




Fl . )
it No chromelogy i Strigs

runope

I Flow Puration Curre
2. Flow Mass Curve

3. Flood Frequency Analysis — 2403 classes - PDF,RV,etc —brush vp.

© Provides an idea avout - tan be prepared farau?.
" No aada informatiov
/ Hime C Usdf an incomplete guph

* hydp eltetnz power — max. annusl distharge needed - it-
- Lym power —~— 95/ popendasibi Y= unit wt.of
(brimayy) (Flow dunativn ufpve) Foeth of hydyolee
- Stemdary  power power plant
b ubper £ Jiven power H= nead ditsf.
Steps 1o make Flow tuvation (urve L
L Avvarge e datn i VSing orapr of magnitude e Eq~(D sudso
2 p=_ 7 x100 =
N+1 = 22VH (0N~ Qos 05
Jo0o [

N= dotal n0. of datz
M= Witrarvdhy position (rank)

What happens whens +wo vollber are same? oither same vank or diff. vank.
Unnealistic - juot a monttly _eurve

Qv () wurnulative ol tovs ﬁ@u}

T — - Zi
nay i 2+2:  Similar
| <} Aitxz+ 23 Precipitation  mmass cuyve
“gp 2 +
L1 TR = f Qdt -
July 0 ha m = (0% m
Availabitity curve ha = [0
*
SeD = fo Dt
Demands  chrve

C Wn superimpose dpmiands curve 1o availabibity eurve?
above and lower.

T e

Yre A= temand = Avikbili

}P/ I{ight of A —> permand, > Runoff — Reservoir shoulds subpy water
P> &= agas
Min. Teserveir Lapactly o dist- Hw g and p.

\ariably Pemand.
Mok QU pv  Qu-pV cwn. £ef - LU EXCESS
-~ -ve —ve [
_- - — +ve +ve
_— = = e +ve
_ = — +e “+ve
-— —— —— —-ve —-ve
_— — - ~-ve —e
-7 | -ve -ve

© Minimwpre Reoervoir  Capaelty = max (eum. def.)
[suply dojreit) = 235 fr tio datn

* For Aeoervoir /’wwh; — nud ap lewt R years gatn — 7r0re e beapter.

l\ﬁ Sequont Feak Mgorithine comes sh ouery competitive Lxamiration

Assume 2. year period nepeats.
Fourier PReriod 7eplats bs #he assumption beye - [ Fourer Series)

ppoty= max. ble peap (4) and trough (T2) & #e reiervoir apactty.

We'n te 1Ky aboit charnel flow (max,)
for ftood. 926”4/4%.
Channed fow0

concerns.

I Peak Discharge

2. Time of arrival of peaR discharge
3. Stye of e plak dischonge

For food analysis. —
|- diven Redurm Periedl —> Discharge
2. Liren- Distharge = Retun ferid,

g—t(c”-‘ @ * Non-Linear wmostty (newey Linear amcty) perivabte )
clopes o X - magitade of Aood [fowr —> Pandom Variable »
4 (e0)=D aurves X=z LTZ=_1L
= (1) PIxz=)=p (eweedene provobiliy) P
Toobability Distributions
Lessor +me averaying  Aghr He pesk
How o #+ what distrivution to dade 7 Intrdu the istributs

Atinod raximun

auly
04 - finer He yesoltion —¥ more ive anmisk max . djsthayge vels-
152
monthly
armunlly
Extrime volpe means  mAX. or b
Proprocess tho datz £ pmpars time Sorize
Seleehor of thd< Non-~paramutne. —Wred tw 18405
paranielye — done wo todays world
© maximum  lkelihood — brust. wb Yowr bavic statistics
* qoodress of Ft- tqmﬁ}u'ab clomipar json
2Zz* tat
H&- toot feasient) —out we WORE clo thet
Example
I Swet patz

2. Time seriee Data

s N std o - L1
3. Histygmm - Freqd- V6 Eime 1212 £yl

R7-5Y

P

How 4o combute P (Non-paravetric m7ethod)
I Avrange ltrir@ orglee
2. rank |, 1-larget , N — <mallest

. p= mb btlﬂﬂ)dwema%' o ethod . O webLL
> r Nt ~2b (S 05 para
4 If S equol Apsigh. Rgheol 7ank o alh of e ! modal
B. p=1/T

an pregict any ‘ear — parametaic
aznt predict all yeans — nor—parmelyie

—hest #irng ~ F/&t1'/7 protabibidy olistrbubin

. Normatl K~ NL 16
C Lop Noimak = tnX s 47 noimatly
 Gumbtld

Loy Pearsmy Type TE [gamma. 2istributiom.

conbintlono vs discrete

X. z. 2= | feaydn
Plx=2) LL
v b3
discrete comithuolo

AC Pamain
L s
can finde =0 (wnbfind)
P(xL<x)= p(x sx)
(% <2< x2)
(%) €2 < %2)
RELZE?) A (indeperdent identind distrisution)
(% L& X2) sum them all , you geb a4

normat distribution.
= Log-Normal Distribution (2paramuters)
> Exbrtme YAl prst- Type | or Gumbel
Distribution [ 2 parameter)
> log Pearson Type TL. pist. (3 paremesess)

s R uniformly otz
difference bl Buan .

* Vavine

+ Std Deviation
€ ) + Skowness ~ 3" momert
NES © Kurtosis ~ 4% momart

@V sir's Earourite
T g e

«
E[g[u) = f ?(z)f/z)d»
-,

m= — 125+ one degre of frecdos
s — (o5t ome more degres of freedomy)
N-y Folormati—

= MET= Yot i moredesrec of fresom)

M-I ¢P-2) infovmation.
A= fou0)
B~ gim.c)
POF
eOF ey fumchions
Mear Médiar Mode L exeple ) thove.
Shuwnoo
SH. dev . 7772410k, EXCeX evror fumes

7 i #eintat- Singh \ PR




Wy . 6y> indeperdimntty affech m/m///o st bukd.
6= b (i + %y (\/Z;;,T) -

X

et

-

@zdérsa,ﬁnﬁ b=2 zan, X= e%

Yeor b3 Y=4x
- M e s
Ux| = Uy Y
6x | Sx Y7 Sy
Ve | Sk 7 can estimate these Yy Sky

Lwzm combute thia  [fundamenizl, conwpt)
Erther assume #is 0 correct for jerite data size.

a0
El[gt] == g fer)
7 =0 b[(-p)r'//u

X~ Flx)
4

Kr— Frequency facter
Confidene. ngervat

o 4)%,

bp=Fr—MHx
6x

Kr=+ve ov ~ve value — Siv dmit e (+)
Derive te expressipy for Hr Chw)

Novmal gito ~ve floodt valiieo so movmally mot wpd frv fivock

o/

e

Lorey loves
(@=KkeA) )
= hydraulie ﬁmdxw =4h = hi-r2

=/(Z)
g = arrey flux #+ seepise V&J&wﬁy/? 2/

omentih corseryation .
coi_ be dNived from rovies sbrokes.

Aarey b ac

det.

mass f= nydrantie 1 cZivify- (277
momentwn Dintpwion.
Hergy

* Yo, maray’s lao o m0mLn tu conser vation
* K= hypanlic conductivity
K=3same (oo sune selid L feewd propesties.
For sarme ,s';t/d/faq‘d , K oo sameo.
f=21% f‘ mtrinse pwmmwg_

- E=dimensionless.

 Trarsmissividy v only p;op&n‘-y/ wnconfined—
aqufer.
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