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YT HEAT | A yss W& | e

Exp. No. List of Experiments Page No. | Date
1. T IS STelfd # TH F3M w | 13

JaeTHe i T fAuiRor Y

Determine the cone of depression on single

well in an unconfined aquifer

2. Th TS STore[d # T 3t av | 47
IaTHA A% i fFEROT Y

Determine the cone of depression on
multiple wells in an unconfined aquifer

3. ar 37eIET-31elT STAHAT3N & I s7sTer yarg | 811
3R gfRomed grEgifers arer &1 geele H|

Demonstrate groundwater flow and resulting
hydraulic gradient between two different
potentials.

4. $3T A 3UGRT Feh TUET TR R o | 1215
TR A FA b 3c@odd TIT d STol
freTere &7 UedieT FTaT

Demonstrate the dewatering of an excavation
site by locally lowering the water table using
wells

5 STeT FATIAT & A Th AT STerege | 16-19
# Uehel HU & TG HT HAUROT Y
Determine the effect of a single well in a
confined aquifer with radial symmetry

6. U AT RAAT diest a1 wrhfass siier & | 20-23
STer TS T TR0 X IR S{eTel YdTe
Al YANENcHAS TeT & 3TN Hlh
SOH MAT HRPI HI AT P

Simulate the draining of a manmade polder
or natural lake and investigate the factors
involved using a groundwater flow model
experimental setup

7. a¥T FEgelcX & IUAET F&h  3HYarg | 24-26
STelleld, Tl 9aTg & 9T o A STel
e & g3 &1 AUReT S

Determine the effect of land drainage on
runoff hydrograph, generation of overland
flow using a rainfall simulator
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STell deTel 3Mepfd faael & 3R &R
IRAdA & JHTT T TR

Determination of effect to base level change
in alluvial channel morphology

27-30

dofd Aepfd el W R Afdd A
aRade & g &1 fAuRer w

Determine the effect of changing stream
power on channel morphology

31-36

10.

REa garg dF & Yarg @3t &I 39T
Feh Tel JATE W & AT He-3h AR
& gHTT &1 fFeRoT

Determination of the effect of a pile or cut-off
wall on groundwater flow using flow lines in a
seepage flow apparatus

37-40
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99T HEAT 1/ Experiment No. 1
352 Toh IWTASTET STefefd & Teh U & oI aeisler i M AeRoT ke
Aim: To determine the cone of depression for a single well in an unconfined aquifer.

3YFHIOT FHT fIavoT:

1. ¥ofel JaTg SIS
- 01 m® Yo U FT A Y33 A ¥, 0.6 ¥ 2.0 fAA H |

2
3. Ter™arg
4. 33FdT AT & fU Sred! AT FHeak

Details of Equipment:

Groundwater flow unit
0.1 m® washed well-graded coarse sand, range 0.6 to 2.0 mm.
Stopwatch

PoObd=

Bucket or container for volumetric measurement

F

grafas @39/ Experimental Setup:

IGILCGR

Teh YA STefyd # dSiARES g dJed &1 T 398 WAT & q1Y A @it § 3R 38
IHAR W ST TAX gl ST gl

FU A el TAehlolel & ST TR & HaAl 3TN iR A1 &, Il & varg & v 3ueretr dged
TGS H FHAT I TR dga QF I yarg FI FHEUT 38 R e 3= Bl

Theory:

HECCIC RN D EC FIRe: 3t @Sl el A
Hydrology Laboratory Manual Prepared by: Dr. B.G. Rajeev Gandhi



In an unconfined aquifer the piezometric surface coincides with the upper limit of the
saturated zone and this is commonly termed as the water table.

__-Sand Tank
el |
Flow contrel Flow conirel
m m
Y .
Water
supply

Groundwater abstraction from a well will result in the lowering of the water table and at
the same time, areduction of saturated depth available for the flow of water. The equation
of flow for a constant discharge Q is given as follows.

=2 thh
Q=2m dr

W JYFHROT A HT 3T e T I ThFd WA F e, e 3R dehaks
Farsdt & €T GEY A AT H ST Fhal B

Integrating the equation using variable separable method the relation between discharge,
radius and the piezometric heights can be calculated.

_ nK(hi — h3)
ln(r2/7"1)

K AR grsgifcies arerehdl 8, h disliefiey # a=l & =g B, r $3n Fdeleer & B g,
AR Qe 7 AdE &

Kis the isotropic hydraulic conductivity, h is the height of water in the piezometer, ris the
radius of the piezometers from the well, and Q is the discharge in the piezometer.

gfshar:

1. ot 7 3l Aol A

2. 9V gIY & FU & fAshyor qigq areq I @ret

3. 91U 3R &IV yarg AT ared @el 3R 31 dledl & dd do ARSI & 9 dh
for AaieT Tg@ 1 3R 19 # FAR {fSeTr gred 7 g S|

4. $U G JaTg X (Q)H AU & AT FHITCY AN FIg M|

5. FAAHACYNSHRT TR A Repis

gTSGreliol FRITRITET Aef3er i re s e e A )
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Procedure:

. Turn on the water supply

2. Openthe left hand well abstraction pipe valve
3. Open the left and right flow control valves and adjust these valves until equal
readings are obtained in manometer tubes 1 and 19.
4. Perform a timed volume collection to measure the flow rate (Q) out of the well.
5. Record the manometer/ piezometer levels.
gfiumA/ Results:

dlegA UhfAd faT a1/ Volume collected =

Shcol hlel bl HHI/ Time to collect =

Ydarg &3/ Flow rate Q =

m?3/s

AAHTCY/ ST o™ T & B33 ()

Manometer/ Piezometer tubes | Radius (r) from well

EEIS

Height, h (mm)

1.

©INo oMW

9

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

disitefex (%) g (L) Taeey Il & 1S (h) &0 AT =llC| aeiael & F¥-3mam e &
feaesr & fav gred afoest 1116 @ I W 3ifRd w1

Draw a graph of water height (h) against piezometer (tapping) distance (L). Plot the lateral
tubes 11-16 on the graph to show the three-dimensional cone of depression.
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9T HEAT 2/ Experiment No. 2
352 Toh VTSI STefefd & Tehifeeh $3i & fIU Haetdel A @l [FEROT HLar|
Aim: To determine the cone of depression for multiple wells in an unconfined aquifer.

3YFHIOT FHT fIavoT:

1. ¥ofel JaTg SIS
- 01 m® Yo U FT A Y33 A ¥, 0.6 ¥ 2.0 fAA H |

2
3. Ter™arg
4. 33FdT AT & fU Sred! AT FHeak

Details of Equipment:

Groundwater flow unit
0.1 m® washed well graded coarse sand, range 0.6 to 2.0 mm.
Stopwatch

PoObd=

Bucket or container for volumetric measurement

t_

grafas @39/ Experimental Setup:

IGILCGR

goRaiforers $ faftr v FIfee afa & srfasaamh st i segaAfa & §, a8 R & &
TE S WA dcdl U ol § 3R 3ok TROTH AT TmaT S GRGFI Fchl g1 & et
F3HT & AT T AT ST & $oTel Jarg & HHr A, graifsier v fafer s 3o
Fael SHF ¥l WF § F AT S Fhell § IS 3T-31eleT 8130 STelefcd T HJed HCTS
& ol H BIC g1 ¥ A R H 3T W AR g A Rehelr wxeh 150 A B v wAe

4
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TGS &1 Gl SeTole UTSHl HI dledl & HIEIH & Ul B I F S5 FU & fosensor grgat
N ATl @ IR FERIT HY| el 9sdl W OBcde dled dG Al FEARTT A
HAA/ e Sih & uisH fFar = g

Theory:

The method of superposition allows the prediction of a complex situation by considering
it to be made up for a number of simple elements and superimposing their resulting
individual effects. In the case of groundwater flow in an unconfined aquifer with two
adjacent wells, the method of superposition can be used only in its simple linear form if
the separate drawdowns are small compared with the saturated thickness of the aquifer.

Place the sand in the sand tank and smooth the surface to give an even depth of 150 mm.
Connect both the inlet pipes to water supply through valves. Direct the well abstraction
pipes to drain. Close the outlet valves on both the pipes. Ensure that the manometer/
piezometer is properly primed.

Manometerxs
Well gcrees M
(i 1;qu 7,
Flow control T dlsdihi - T
con
e (lp:n Oge_l! ~ vﬁconn‘ol
L z

Water
supply

1. 9l hr 3l =T Y

2. 9V gy & FU & fshior qrgy aleq I Grel

3. 9¢ 3R gV 1Y & AT ateqd A O A @ @il TR g & fav &8 fAee gdiem
|

4. FHAAR/ISHCI & TR Hr Reprs HL|

5. GV §1Y & FU o [AShYUT Gg9 dled I Tiel| &1U 1Y & FU & [Ashyor qigq areq
Al ¢ A

6. TATeH FI W g & v g Aae gdeT +i|

7. HAHAR/AEHR & TR A Ras FHL

8. 9V gIY & FU & [ASHYOT 4189 dled &I @el| gl T & UIST dled 3T ol 8l
ENY

ggaciiol JAITITT Aef3rer ReRaT: ST LS. Telig ey
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9. faFecHa = R gl & fow &5 e e &t AR AadcydedR & TR & Rers
ey
Procedure:
1. Turn onthe water supply
2. Open left hand well abstraction pipe valve
3. Fullyopenthe leftand right hand controlvalves. Allow several minutes to stabilize.
4. Record the manometer/ piezometer levels.
5. Open the right hand well abstraction pipe valve. Close the left hand well
abstraction pipe valve.
6. Allow several minutes for the system to stabilize.
7. Record the manometer/ piezometer levels.
8. Open the left hand well abstraction pipe valve. Both well pipe valves should now
be open.
9. Allow several minutes for the system to stabilize and record the manometer/
piezometer levels.
qfum#/ Results:
dlegA UkfAd faT a1/ Volume collected = m?3
Shcol hlel ol HHI/ Time to collect = S
gdrg &3/ Flow rate Q = m3/s
HAHI/ RS I $3T 1 @ B T2 @ B | FOrs
Manometer/ Piezometer (3R) (sTT) (3R) (gT9) Height, h (mm)
tubes Radius (r) from Radius (r) from
well 1 (left) well 2 (right)
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
6
ggaciiol JAITITT Aef3rer RIRFar: o1, LS. Teia el
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17.
18.
19.

dsiieter @fFer) g (L) F fa%ey urelt &1 Fa1g (h) &1 AF FAN| IaTH71T & 3-
I A A fewe & fAT ared ATt 11-16 T ATH T TR B

Draw a graph of water height (h) against piezometer (tapping) distance (L). Plot the lateral
tubes 11-16 on the graph to show the three-dimensional cone of depression.

BTSSIAloN ST A3 Rt . droh. Teha anel
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9T HEAT 3/ Experiment No. 3

3EG: & 3ToldT-31eldT &THAT3N & &I ¥YTel Yarg 3 aRUmHT grsgifoeh ool &l Jedle il

Aim: Demonstrate groundwater flow and resulting hydraulic gradient between two
different potentials.

3YFHIOT FHT fIavoT:

1. ¥aTel YATE SHs
2. 0.1 m® g gU U ¥ I35 A 9,06 & 2.0 & H @)
3. ¥ua

4. 3IAAA AT & TIT el AT Hcalk

Details of Equipment:

Groundwater flow unit
0.1 m®washed well graded coarse sand, range 0.6 to 2.0 mm.
Stopwatch

PoOobd-=

Bucket or container for volumetric measurement

g% de3rq/ Experimental Setup:

-

fageia: 85 &fF h 3R yae X Q& &g fasw ey st & Fgs ganrr fgar o= gl
310

Q = —-AK;; —
[ Y] axj

QESCICIERIDNIC ISk FIRe: 3t @Sl el A
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STET Ai &R #F gag & Hra-GaRld & 81T g, Kij §18sioie dlelehdl <X §, 3R 00 /dx; feem
JF gTSSiole oIl §1 g, 67 AR § [ g1sgiferdh dTelhd S 7 SHERINS § (T
feemstt & THW ATAFdT), TW K, A Thd AT K H gRafdd w11 T &, 9ag dhdel U
feem & grar &, safav, gieor & T & & gRafda fFar amar )

_Q_ dh
V=a="%q

Tgl, VUi S 3]y Hie &7 H A Jalg oI Bl
Theory:

The linear relationship between head loss h and the flow rate Q is given by Darcy’s law.

o]0
Q= —AiKi; =~
j

Where 4; is the area of cross-section of flow across the direction ‘7', K;; is the hydraulic

. 0 . . . . . . .
conductivity tensor, and a—f_ is the hydraulic gradient in the direction ‘j’. However, we
]

assume that the hydraulic conductivity is isotropic in nature (same conductivity in all the
directions), converting the tensor K;; to a single value K. Also, the flow happens in only
one direction, therefore, the equation is converted to the following form.

Q dh
A dl

Here, Vis the volumetric flowrate per unit cross sectional area.

L e e
Equipment Set Up
Manometers
£ Sand Tank
[ = By J
Flow control . ‘ Y | Flow control
m (.ut) §§Valves closed nhe (i]l)
L = o ~
Drain  Water
supply
—

FeHT 1 SI:

T & 3 & & & W 3N adg & gATT H 150 AT 7 g0s &1 ST @Y F Jag Seoie
UIST @ 3UGFd STol INYfT H SAIS| dIW g F Gelolc UIST @I ATl H 3lel| Ig 5§ TN &

9
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forT STer fo¥ehrdl <ge gl aledt $U fsendor urgdt WX 3M3eele dled & QU e § dg A
TElaaTe & | 9X 9189 &l oATell # sTel| AT Y foh Aasdicy/disieer qgel & wisA fohar
I Bl

Preparation of Setup:

Place the sand in the sand tank and smooth the surface to give an even depth of 150 mm.
Connecttheright hand flow inlet pipe to a suitable water supply. Direct the left hand inlet
pipe todrain. This will be the drainage tube for this experiment. Fully close the outlet valve
on both well abstraction pipes. Direct the pipes to drain as a precaution. Ensure the
manometer/ piezometer is primed earlier.

gfshar:

1. 9l &7 3l ame] Y
2. 9V g1Y & fAIA0T dred &l QI e @ ol

3. TR &3 ¥AIT 3@ d& IV g1Y & Ydlg [AIauT dleq &l TAMITSIT H| TJ§ HAHAC
g9 A« 13 gan 3 fham e

4. #5 fAac g Fufaat & R 8= &)

5. HAHRY/IGHARET & TR RFrs

6. 3elol TS & HaTg &I (Q) A AU & foIU HHISEY dlegd g |

7. fATF0T areq &1 AIET d¢ e [AffieT gag &1 & forw gfhar &1 gy

8. & & 91U gy &I AR UreAr AIET FW 334 I d1U gIY HT 3R H13cele dled HI HifAH
¥ d¢ HY| Ifa &t w8 Beae d& W g ¢

Procedure:

1. Turn onthe water supply

2. Openthe left-hand control valve fully.

3. Adjusttheright-hand flow control valve until a steady head is maintained. This will
be indicated by manometer tube no. 13.

4. Allow conditions to stabilize for several minutes.

5. Record the manometer/ piezometer levels.

6. Perform a timed volume collection to measure the flow rate (Q) of the drainage
tube.

7. Repeat the procedure for different flow rates by closing the control valve slightly.

8. Partly close the outlet valve on the left-hand side until the water rises slightly at
the left-hand side of the tank. Allow the condition to stabilize for several minutes.

qROmA/ Results:

10
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dlegA UhfAd faT a/1/ Volume collected = m?

SheST LA I AT/ Time to collect = S

gdrg ¢/ Flow rate Q = m3/s

A/ AT o9 ¢ ¥ &S (L) >ars
Manometer/ Piezometer tubes | Length (L) from left Height, h (mm)
1.

©INo o~ wIN

11.
12.
13.
14.
15.
16.
17.
18.
19.

dratHreT (&%) gt (L) & fawey urel & 3=1$ (h) &1 A% ST

X & el 3T FIE & AT AR A

IqH F gIsgiieleh ATSUC I A0TEAT H

St & v 3R AT TS YaTE aX B 3T Ak Agyitae gregiee AT i AT HY
Draw a graph of water height (h) against piezometer (tapping) distance (L).

Calculate the wet cross-sectional area of sand

Calculate the hydraulic gradient from the graph

Calculate the theoretical hydraulic gradient using Darcy’s law and measured flow rate

dh v

dl - K

11
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9T HEAT 4/ Experiment No. 4

3e2RT: F3HT 1 3T FIh TUEAT TR R STl T FT HHA Feh 3cWelel TA § ol fishrerel
T FeeT AT

Aim: Demonstrate the dewatering of an excavation site by locally lowering the water table
using wells

3YFHIOT FHT fIavoT:

1. ¥aTel YATE SHs
2. 0.1 m® g gU U ¥ I35 A 9,06 & 2.0 T H @)
3. wvara

4. 3IAAA AT & TIT el AT Hcak

Details of Equipment:

Groundwater flow unit
0.1 m® washed well graded coarse sand, range 0.6 to 2.0 mm.
Stopwatch

Pobdb-=

Bucket or container for volumetric measurement

grafas @39/ Experimental Setup:

GCCICE
sAig Ao A1 e AT & 3egeT @ HT IS MY Yers, JFW 3H & H STl TR &
forT grepfdier fasm TR @ i gder Hel| IS gers grRomg offd 7 g, ar IE Uk Sfenyd &

T F gl 3R geTel Yalg & HROT GaTs TR STl TR b Il § 8T ST | $H e

12
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GaTS @ G@T WA HT Th AT GaTs T & Fed °IRT AR F3iT B veh Rar a1 iR 3
TS &1 U9 F¥eh T §T T STl TR Al HA AT 1 38 37T & &g 3 F Gell dolaiehR
RaT Y galert ST ST Fohell & 3R T RAels & 37eT &1 3T &t ger fear S devar &, S
for o fou arv 3@ & @ ar #1139 $r <hr W@ 3R Tdg H gAd wY arfe 150 e
T TS AT eh| Yol dofaAehy NaT bl ¥ o ATead @ ¢ & dhe 3N & AY & F3 &
ST AT gt X A T IR gae| R AT G T 390 S dh S gHR I FART 3T H
TdE & YT TATA of g ov| Rar & 31y ¥ W@ & [T 7 AR & Fger FAR |/ ger &)
aldl Sefelc WISy T Il T YT & SHS| Sl FU fASHYOT AT & I3 dled FE M|
gaftaa &t & AAeicrdaneter wsa frar = g

Theory:

A deep excavation for the purpose of foundation construction or below ground activity,
will frequently penetrate below the natural rest level for the water table in that area. If the
excavation is in permeable ground, this will constitute as an aquifer and the excavation
will fill with water to the local water table level due to groundwater flow. One method for
keeping such excavation dry is to sink a ring of wells around the outside of the excavation
site and to lower the water table locally by pumping the well system. This can be created
by sinking the open cylindrical ring into the sand between the wells then removing the
sand inside the cylinder, as shown in the diagram below.

Circular Ring

Well Well
Manonteters .
/ __Sand Tank
o !
Well L m"ta R | well
.L\ ;!!h’z,!;{ l=

Flow control . = ¥ : Flow control
valve : —Drains— .7 dale

a\ Wi

supply
N e ".
Cicular
Opent Ring
13
ggaciiol JAITITT Aef3rer ReRaT: ST LS. Telig ey
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Place the sand tank and smooth the surface to give an even depth of 150 mm.

Press the open cylindrical ring vertically down through the sand along the centerline of
the tank equidistant between the two wells. Sink the ring until its top edge level with the
surface of the sand.

Remove the sand inside the ring to the lower edge of the ring wall.

Connect both inlet pipes with the water supply. Close the outlet valves of both the well
abstraction pipes. Ensure that the manometer/piezometer is primed.

gfsha:

1. Ol & 3l are H

2. Q=T SeToic dTed el 3R EF F FId FY| Gas TS T § FAT AT
3. gl F3HT & IT3ceT dled Tiel AR Gers & @A T Tell HT &R HA R
4. HAAT & TR F RPis R

Procedure:

1. Turn onthe water supply.

2. Open both the inlet valves and saturate the tank. The excavation site will be filled
with water.

3. Open the outlet valve of both the wells and lower the water level until the
excavation dries out.

4. Record the manometer levels.

AN o ae & aFrs (L) E0I S
Manometer/ Piezometer tubes | Length (L) from left Height, h (mm)
1.

©INIO O~ IwWIN

9.

10.
11.
12.
13.
14.
15.
16.
17.

14
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18.
19.

dreitATeT (%) gl (L) & fa%ey Stel i Fa18 (h) &1 I S]]

Draw a graph of water height (h) against piezometer (tapping) distance (L).

15
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9T HEAT 5/ Experiment No. 5

352e%: USTeT THTYAT & WY Teh AAT ST H Tehol FU & Yo7d T AUROT Y

Aim: Determine the effect of a single well in a confined aquifer with radial symmetry

3YFHIOT FHT fIavoT:

1. ¥ofel JaTg SIS
- 01 m® Yo U FT A Y33 A ¥, 0.6 ¥ 2.0 fAA H |

2
3. Ter™arg
4. 33FdT AT & fU Sred! AT FHeak

Details of Equipment:

Groundwater flow unit

0.1 m® washed well graded coarse sand, range 0.6 to 2.0 mm.
Stopwatch

Bucket or container for volumetric measurement

F

PoObd=

grafas @39/ Experimental Setup:

R

TS AT ST H, T I W R 3R AT @t garr @ffa g § S aeh & v
31teg gich €1 38 dg N1 ganT ssier warg & 3igeior fohar Sirar § arfeh ol 3ded o
TS ST e, S Ferd (Xd) A 30 AR 3 & e & g @iffd wwcdr § 3K 38 gar
3Maegeh STl Jarg facRor &1 3cdreet Hiel gl

16
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STel s0 féig ro W USSNARES HAg &I el HET &1 H ST T ITeS &

I AT 11, rp, 51, 3R s, A HNHAeT garg T a1 qfehir @ 3R Lsuey & get & TR
O yree foham STem 8, A IREEGAT a[uTieh (K) & Hel 91T ST Hehel &

Theory:

In a confined aquifer, a permeable layer is confined above and below by layers that are
impermeable to water. This is simulated in the groundwater flow by closed ring to form
the upperimpermeable stratum, confining the aquifer (sand) between itself and the sand
tank bed and so producing the required radial flow distribution.

Where s, is the lower of the piezometric surface at point ro. H is the depth of the aquifer.

If the values rq, 2, 81, and s, are obtained from either the manometer pressure tapping or
the water levels in a peripheral trench and the standpipe, the value of coefficient of
permeability (K) can be found.

Sight tube
"\\‘ _______________________ i . A,
T |/ Weight \ /Weight \ P
¥ 5
] _______J 12
f
1l — r2)i— | (rusing standpipe and trench)
(r using pressure tappings) Qo Well discharge
3YFHIOT JINY:

TR T F p J W AR adg FF oerser 150 et & argus dF e 3 aw gy &
ST Aol (PSiHiey er 3 & FHAT) & FW IT A U 3Yell aT5el Tie ST e foh 3T
Y 39PR o & S|

SHS IRT 3N, H3T Aol & MY F WY FATA @ T & FUC TG AR Y, AT 3ol a97 g1
& dg Rer veaadr &1 39 W @ o1 'l

IRERM HET TSR HI AT el & IR @I gL JIR g R Rar |

g a1 & dET IRT 3R v [KAFer 3Yel T8 @l 3R 3ma9E $r Id A a9 doh [Aaehel &Y
9 d& T I8 §HdA 3R AT o & S|

T & aReT 38 R & Uhat & AT d¢ Ra1 & 37T gaiead aofeT W™
geTolc U189 1 YTl T TYfcd & Folae Y| Al 3T TR 3T dled e Al
17
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g Y o AAEey/dsiFe wsa fRar T3 g
Experiment Preparation:

Place the sand in the sand tank and smooth the surface to give an approximate depth of
150 mm. Scoop a shallow depression in the sand above the left hand well tube (adjacent
to piezometer tapping 3) until the top of the well is exposed.

Around this, prepare a flat sand surface level with the top of the well tube, large enough
so that the closed ring accessory can be placed on it.

Place the ring on to the prepared surface with the transparent central standpipe
positioned over the well tube.

Scoop a smooth shallow trench around the outside of the closed ring and smooth the
surrounding sand until it is flat and level.

Position weights inside the closed ring, sufficient to prevent it from floating during the
experiment.

Connectthe inlet pipe to the water supply. Close the outlet valve on both the wells.

Check that the manometer/piezometer is primed.
gfsrar:

1. 9l T 3l TTe] A 3R Selele dled iel| IT &1 a9 e M o9 dah b §g Rer &
HTHITH T Ul I T 38 fFaR § 8 A o g S|

2. HAHIR §F H 9l & TR F HAJET07 Y, EF F FIE JIAA h ALIH ¥ Ilell & T
H 37 deod & T R Tl TR &t & fav 3efele 3R I area afdsw & garfaa
ey

3. HAeydEEY IS Rers H| yarg X FuiRa & & v ar ursy & Arega @
T3l &1 HAYICY dlegHA HIT |

Procedure:

1. Switch on the water supply and open the inlet valves. Flood the sand until the
water level surrounding the closed ring is just below its rim.

2. Observe the water levels in the manometer bank, adjusting the inlet and well valve
settings to give steady water levels with a good variation in water level through the
cross section of the tank.

3. Record the manometer/piezometer readings. Perform a timed volume collection
of the outflow through the well pipe to determine the flowrate.
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dlegA UhfAd faT a/1/ Volume collected = m?

SheST LA I AT/ Time to collect = S

gdrg ¢/ Flow rate Q = m3/s

A/ AT o9 ¢ ¥ &S (L) >ars
Manometer/ Piezometer tubes | Length (L) from left Height, h (mm)
1.

©INo o~ wIN

11.
12.
13.
14.
15.
16.
17.
18.
19.

Wﬂ%ﬁﬁ,q@aﬁﬁ%w%waﬁ@ﬁﬁﬁaﬁymﬂ,w%ﬁ@%
Y AR GET $HR FHABIOT W 31 A F, TSAARGHR Al Fored X@IC fe@rd gu Teh Arstadr
R |

From the manometer readings, plot graphs showing the level of the piezometric surface
in sections, one along the axis of the tank and one at right angles to it. From these graphs,
prepare a plan showing the piezometric surface contour lines.
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9T HEAT 6/ Experiment No. 6

32T T Ala fAfAT diest a1 grepfae sl & el f@erl &l 3e]ahor &Y 3R T Jare
HAlSel JARMcHS JTHT HI 3TINT deh STH AT PRI HI ST HY

Aim: Simulate the draining of a manmade polder or natural lake and investigate the
factors involved using a groundwater flow model experimental setup

3YFHIOT FHT fIavoT:

1. ¥ofel JaTg SIS
. 01 m® Yo U FT A Y33 A ¥, 0.6 ¥ 2.0 fAA H |

2
3. Tergarg
4. AT AT & [T Sredl AT dheaX

Details of Equipment:

Groundwater flow unit
0.1 m® washed well graded coarse sand, range 0.6 to 2.0 mm.
Stopwatch

Pobdb-=

Bucket or container for volumetric measurement

grafas @39/ Experimental Setup:

CCICE

SH AT A, 3sTel UesUsheT H JgaT ¢, 4aR & urF T Rer Wi # v foham arer § 3R
T A7 3w gt & qu fRar Srar g1 I Rufa gerg ster e Eear @ e g a6
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o faerl diesk & da A gl &1 ST Ades § fF #Tel diesy H agar ¢, daR & 9 v
Rt @rg & e fohar Srem € 3R v ar AR fSigait @ uv fhar S g

$H I A GlosyShel & [k &l Ueh 99 ISR deld eaRT AT a/dm § it & $3it
B U B1 YT A gge N RE e § ger A S § AR e F3F F s & fw Jor A
T IRTEET @r$ (Rer @) a1 el 1 & Qu a7v &7 # fewiw 31ar {8 aolld W i
& WY Teh Grhfdeh fohelRT aretrent, RaT &l 39T e 9 off 58 ST 1 3 31 H91d &

Theory:

In this exercise, groundwater flows into the polder/lake, is collected in a ring ditch near
the wall and is pumped out from one or more points. This situation differs from the
excavation dewatering problem in that drainage takes place from the floor of the polder.
This means that groundwater flows in the polder, is collected in a ring ditch near the wall
and pumped out from one or more points.

In this exercise the bank of the polder/lake is represented by a large rectangular ring
which enclosed the two wells. The sand is removed from inside as before and a
circumferential ditch (ring ditch) formed in the bottom to link both the wells. It is also
possible to carry out this experiment without using the ring, by forming a natural bank
with the sand at stable slope as shown in the diagram below.

Recnnguhrfhu Ring ditch Rx’rg ditch
A 7\
2| | 4 | i
Well Well Well Well
Manometers
./ - Sand Tank
Well _ % -'Iw s::p;.r;]ﬁ A1l wen
L f‘it,} Al | -
Flow cenirol o) j( o ;/I,’ @—{+— Flow control
valve E»\‘%;—-Dnins—r’ ;’_74’ valve
Ty = \
/
_d \
RIS e \y, Water
<&l ) supply
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TRAfEE TIr:
T FIIT & ¢ #7 W 3R Tdg & FAd &L, difer 150 Tt & v A= g0s Fer T

ar 3t A B F T T AT g W F Y W & AIA @ o AR R A dead
A gaTd| Rer & d9 T ST ST oo foh 3HRT FUT FaART I T HAT & WY FHAASA o &
S|

Rer & 37y i Wd A Ror &1 AR & e e @« ger &)

ar 3 & 51 Rer &1 aRfE & aRt 3R vh 3yl Wr$ =10

AT UISY A 3UYFT o1l 3T F A

$U & fAshYor grgq 1 aArel A FERIT Y| St dIgul W IM3eee dled de H
Experiment Preparation:

Place the sand in the sand tank and smooth the surface, to give an even depth of 150 mm.

Press the open rectangular ring vertically down through the sand along the centerline of
the tank to surround the two wells. Sink the ring until its top edge level with the surface of
the sand.

Remove the sand inside the ring to lower edge of the ring wall.
Create a shallow ditch around the circumference of the ring connected to the two wells.
Connectthe inlet pipe to a suitable water supply.

Direct the well abstraction pipes to drain. Close the outlet valves on both pipes.
gfsrar:

1. Ol & 3Tl are H

2. Tl yaTg AT dred el 3R I & A HJed A | Fe/dlesT T § #T SIear|

3. & 3T & fASHYOT Uy dled Tiel 3R Il & TR H a9 T HH A o9 o 6
girel/dlesY §@ o ST

4. HAFRI & TR F Reprs |

5. IS THT g1 A haol Th FU HT 3UANT Feh THIG HT ST |

Procedure:

1. Turn onthe water supply.
2. Open both flow control valves and saturate the sand tank. The lake/polder will fill
with water.
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3. Open the two well abstraction pipe valves and lower the water level until the
lake/polder dries out.

4. Record the manometer levels.

5. Investigate the effect using only one well if time permits.

A/ o9 ¢ ¥ &S (L) >ars
Manometer/ Piezometer tubes | Length (L) from left Height, h (mm)
1.

©INO O~ IWIN

9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

T § disiteiey @) gt (ver) & fa%etr il &1 3u1$ (Ta) &7 A% =10

& 1 e TG@T & ATY T WIS Tolie Y ST 31T 3R 3T & i Ferere (siiel / Giost Afgd)
& G H STeT diferept &7 &t 1 gaifar &

Draw the graph of water height (h) against piezometer (tapping) distance (L) from well.

Plot a profile along the centerline of the tank showing the position of the water table in
relation to the wells and the cross section of the sand (including the lake/ polder)
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9T §EAT 7/ Experiment No. 7

352 a1 fAFgee T 3UANT e IHYATE el 3N TN arg &1 digr W A S
AT & T9Tg FT AURT AT

Aim: To determine the effect of land drainage on the runoff hydrograph and the generation
of overland flow using a rainfall simulator.

grfae de3rq/ Experimental Setup:

Rgea:

~

qA ST e Tag 3R 398ds ST WA & Agcaqul ¥ ¥ JHTAT el ¢, ored 39dTg
grsgiant & fAAvard ganfaa gt €1 fA 9 gyarg a9 gar § o9 g @ digar el i
a4 &TAdT ¥ O & Sl &, o8 Fqe 39are g §1 el A gonfeaat adqgr S
I 1 A S AR TRA 3H9arg AV T FMT el 7 HAeg e g1 av egerex
T 3NN Foh, §HF ¢ Tehd ¢ 3R faeeivor T Tora § T Rfdes St ey Reufaar svae
3catest 3R gegians wfafkansit w1 o gsnfaa s €

Theory:

Land drainage significantly influences surface and subsurface water movement,
affecting the characteristics of runoff hydrographs. Overland flow occurs when rainfall
intensity exceeds the soil's infiltration capacity, leading to surface runoff. Drainage
systems help in reducing surface water accumulation and modifying peak runoff
characteristics. By using a rainfall simulator, we can observe and analyze how different
drainage conditions impact runoff generation and hydrograph responses.

arafaE Tar:
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1.

2
3
4.
5

fAed 1 ¢ 9T adt fArgeer warfia &

ar eI € IR Y - TF o [T 3M3ceie & Y 3R uF 5|

T 31T T@e & fav ¢ & v @Ae s & 3 glafRad w3

gdg 39arg AR STer ARt sfgdle @ @ & fov o $v fr Rufa RuiRa f
awl fErgeie 1 AR digdr ) gaE=fSaT wi

Experiment Preparation:

aprwbd-=

® N o o &~ 0N

Set up the rainfall simulator over the soil trays.

Prepare two soil trays—one with a drainage outlet and one without.

Ensure uniform soil packing in the trays to maintain consistency.

Position the collection tanks to measure surface runoff and drainage outflow.
Adjust the rainfall simulator to a predefined intensity.

awl fAEgeley Y& Y 3R e aw &1 digar saw ™|

3 AT P NPIS FEA Y H A 39A6 Tade W Q@S of ol

AR 3T W TAET YA FT Sheal A iR AT (30T & faT, ¥ 2 Fae 7))
Ty &, afe Y & o 39 AT SR i goheer H 3R A

TIRT § Uge 3R a7 Al fr A F; RS w

TEeR-31aer &t fEufa grcd @ d& gaeT IRy |

Tt frgele & A& 3R oo el &t sfaRea g a& Sl @ 3

gregtaT faNarsit S fh TRA 3UaTE, TWA T A AT AR Fol udie AT H
fareeoT #Y|

Procedure:

N0 kr N

Table:

Start the rainfall simulator and maintain constant rainfall intensity.

Begin recording time when runoff starts appearing at the surface.

Collect and measure surface runoff at fixed intervals (e.g., every 2 minutes).
Simultaneously, collect and measure subsurface drainage if applicable.

Record soil moisture before and after the experiment.

Continue the experiment until steady-state conditions are achieved.

Stop the rainfall simulator and allow drainage to continue for an additional time.
Analyze hydrograph characteristics such as peak runoff, time to peak, and total
runoff volume.

g (Ae) | 9dd) JUaIE (TATA) IR STer fAFET (THT)

Time (min) Surface Runoff (ml) Subsurface Drainage (ml)
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07T

HET 3YaTE 3R STor Tl &Y Sisehy el 39aTg AET AR L

Rers frw a1v 31 & 9i& fSEarer 3k 9 a& &1 @#@g uEr #X)

3(9TE IO T VAT Fel 3alg HR Fel I & IeaT & & & R

faffesr Sor ey Reafaat & faw 3mare gsgians wdre #Y

Calculations:

Determine total runoff volume by summing surface runoff and drainage.
Compute peak discharge and time to peak from the recorded data.

Calculate runoff coefficient as the ratio of total runoff to total rainfall applied.
Plot runoff hydrographs for different drainage conditions.

qRoT:

39arg fARAVATHT 3R fA yaTg ScutesT WX A Siel fehrell & U & aR & fAseh - @ely

& wEgd Al o el 3R ster ARl Wed e [Fufaet & faw siftrenas fodge, sffends
AT 3T 37YaIE AET 9T Tellehed ATHT HY|

Results:

Summarize the findings regarding the impact of land drainage on runoff characteristics
and overland flow generation. Include observations on peak discharge, time to peak, and
runoff volume for both drained and undrained conditions.
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9T HEAT 8/ Experiment No. 8

38T STollG Uelel TP [T & MR TR IRl & Femra &1 feior

Aim: Determination of effect of base level change in alluvial channel morphology

g fas W39/ Experimental Setup:

Rgerra

STelle deTer IMPd AT A AT FT AT IAH AT NBIE g1 ol Abrser ek H
1S, ATl oTel 3R THT NEST PR F IRATT & ACIHA F FARIST & Thar &1 TR
&3S H aRade geftr 3R AT & AregA § giar &, 3N A T dose H aRagd Hie
&I &THAT & 2T &1 9T oael ofel MBS W Th AT §F & AgeaquT Fg=or & gfafafeea

HIAT gl

SEAEIH S odd # Al & Ao & FOrge gy &, 59d v [[auise & &9 & IRT o917 Srar
g 3R FW Fr 3R IET A B S-S [euise FW OFr 3R Todr §,5TW 3cUed ddoe
SEAEIH H e I FoIdT & Hehell &1 HHA & WY, gladas Aedise wrafae Feise 3k
9¢ gV &1 & & A 3R femre & aehd €, AR g7 fAsrdise arel el atel & Y fAersller shel
ST &1 ferdise ArgaeeT 3R T geftr & IRUTATTET Aol ARG & 3(elshH H Sifed
GfAfRaT Fgl IR—T § i T U 99 oldd FH e ol gedT 9l & X & & o0l
gRade 3cUeed R Thal gl YR TR H FREe & IRUMFTTET gl arel JHIT Ao &ROT
T & gea § aA ol gl 3R FH-AA W dd H HAw AR AR ey g
AMAS Tl MU TR A FEfA 3ecr YR & AT & fOohmd & ALTH @ ThAaor AR A
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aRadet & 3R o S 81 TR A9 & I IHIEH 8 3MYfd B 7S dorse H aRag
e & fow qaTea Far g F1 aRone § 3R s9% aRumTeasy d9d daga &#ar AR
AN 916 HT JHH el B

Theory

The third dimension of adjustment in alluvial channel morphology is the long-profile. The
long-profile can adjust through changes in bed elevation, channel gradient, and overall
profile shape. Bed elevation changes occur through aggradation and degradation, and
reflect the channel's ability to transport sediment. Base level represents one particularly
important control on channel profile.

Areduction in downstream base level leads to channel degradation, initiating incision as
a nickpoint forms and travels upstream. As the nick point migrates upstream, the
sediment generated by it may drive aggradation downstream. In time, secondary nick
points may appear downstream of the primary nickpoint and aggraded area, and the
steepened area containing these nickpoints is referred to as the nickzone. The sequence
of channel adjustments resulting from nickpoint migration and local aggradation has
been termed complex response because a single base level lowering event can generate
multiple step changes in bed level. The overall channel degradation resulting from a fall
in base level is a regional phenomenon that involves the progressive and sustained net
lowering of the bed over long distances and timescales.

An increase in base level leads to aggradation and channel change through the
development of a deltaic type of deposit. Aggradation is a result of the channel having
insufficient energy to transport the sediment supplied from upstream and it
characteristically results in loss of channel conveyance capacity and localized flooding.

gfsRar

1. dTed V8 @rel, l5Earet & & A9 areq ag &< 3R Udg ¥ & o yarg =T areq
¥ yarg X FUiRa a|

2. & & W F @Y Fe-3m3c A ar 50 A Tia aeT 7 & th A e A T S Hw
Tl I THIT 2% W AT Hll

3. W¥¢F & MY & Ty W & TR A RAeralr 3T gohT AT SV 7Y & Solole & T
G He-3H13C Teh Toe WER H Toh GRIFw W Ao &l & v GT v &
HT 3YINET A

4. YTl ETHAT 4 FAT =ieT 3R 2 FAT IE GieAT AMFTI Sefele YaTg & &l 2.5-3 ofie/fAeTe
W AT | Teile dAd ardraoT & AhT & e dae 1 Feror w1
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o

& 10 fReie & dose 1 3ue # Repis A1 30 Aele & a1 e H wyampia
RIS &L (AT & SR JaT8 & FHA TR W dGol [GAT ST FHT &, dlieh 3 AR delel
H o o g, 3R Y 60 fAde & |

SR 3R ol SiE glaemit & suitufa @ Aleg 9a, 3R R{AY &7 &Aool areder
1 fa & Res

IoTel & fFaIR N R &1 T gahsT ot Ade H @ 1 AT Arerder $Hi ofars
Fr 8 TRE & AT ST e &l

SH ofdel # Jef T IIHI0T He & AT, e He-3H13¢ A v A7 HfAw dfaRed wera
CICIRCIE]

3 oad H PRI FT 3Ia0r H & o, Tea @ HAlog Fer9-air I ger &1 IRad«r
F LYSH oF, fFafAd e W qeroe 3u X 3R Ader colewial &l Rels et
ST TG (3T Ta=ireT gRacier &I a1fd & MR W AeTel Tolehid & fav 15-30 fAee
HI 37cTe) |

10. 3R &R # iRge & fAv dooe 1 o3 85 gef, 3R dooe 3usT &1 g ar

fAde & g7 FT 819 o9 dF fF Aedise 3M3cae ¥ FW I 3R AGT Tl AT B

11.3MUR &R 7 9&fT & AT, et 7 Fedise @ fRufa 3k fwrs & arer foredr off

Aregfas Awdise &1 R faer g afgul

Procedure

1.

Open the valve V8, close rest all the valves to discharge tank and set the flow rate
from the flow the flow control valve below the flow sensor.

Fit one of the two 50 mm stop logs into the deep cut-out at the foot of the tank. Set
the slope of the sand tank to approximately 2%.

Smooth and lightly tamp down the sand level with the top of the sand tank. Use
the scoop provided to cut an initial straight channel into the sediment bed from
the river inlet tank to the deep cut-out.

The channel should be approximately 4 cm wide and 2 cm deep. Set the inlet flow
rate to 2.5-3 lit/min. Observe the channel during the development of an alluvial
channel environment.

Record the sediment yield every 10 minutes. Record the topography of the bed
after 30 minutes (the flow may be turned to a low level during measurement, so
that the channel does not change during this time), and again after 60 minutes.
Make notes on the presence of features such as bars and terraces, and
particularly record the position of the channel thalweg.

Measure the channel length by laying a piece of string along the edge of the
channel. The length of the thalweg can be measured in a similar manner.
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8. To simulate an increase in base level, add one or more additional stop logs to the
deep cut-out.

9. To simulate a drop in base level, remove the stop-log already in position. Observe
the changes carefully, continuing to record the sediment yield rate and channel
platform at regular intervals (15-30 minute intervals for channel platform,
depending on the speed of morphology change).

10. Foradrop in base level there will be an initial rush of sediment, and sedimentyield
will have to be recorded every two minutes until the nickpoint has migrated
upstream away from the outlet.

11.For arise in base level, the observations should include a record of the position of
the nickpoint, and of any secondary nickpoints that appear.

Results:
dtar 77 (Aee) ddoce 39 (TH/fAAT)
Elapsed Time (min) Sediment Yield (g/min)

I & IMT T H TH [T F a7 FoR AT AG arell SfsAt H 3maeTHhar gl &, S
¥ all @ FOR gl afeT 3R s ¥ v &T dag A & FA 1 FAie gl aifevl 39 &
ol A & & MY W Th NP § @A dTF, 3d & FAGICR @7 S AR, 3R T 10 @
& WOl # &F & WY F TRT S AMR0| T3 FAfd &, gl To’ &1 39T S i My
@ ¥ T T FdE dF A g B A & T A S g, EF f qft diss 7 won 7| A
& TR, X & uefedt, gfadaes derell &1 ffafa St frdr off Seoiesha fadvar & fov deet
f§g &o7 fFw o= =R

One method of making diagrams of the channel requires two rulers or measuring sticks,
both of which must be rigid and one of which must be at least 1 metre in length. This long
ruler should be laid across the top of the tank from one side to the other, parallel to the
end, and then moved along the tank in steps of 10 cm. At each position, the second ruler
is then used to measure the distance from the top line of the tank to the sand surface, in
steps across the entire width of the tank. Reference points should be recorded for any
notable features such as the positions of the channel sides, sand bars, secondary
channels.
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9T HEAT 9/ Experiment No. 9

38R Yol Pl fa=ile T 4R AFd & qRAcde & F81d @1 AURoT HY

Aim: Determine the effect of changing stream power on channel morphology

g fas W39/ Experimental Setup:

R

AAeT ToleHIA doddl & X garg $r grsgisiasd AR daoe IRagd 3R FaT ey &
Tatta afsranst & gefar &1 #15 add e feyid 78 § S 39 & & H ¢ W@ b
Hasgarolt T Heh, AftheT Tg YeRNd har S Fevar § 6 Aeter 1 ampfar amr & afed, deroe
& #R IR o Hr RAT & ST & deordr g1 e JAIEr doel FhR g @Y, gATaerR AR
e BU, BTl 9Ppfad H A YR ColeWld et Y U el §e1d &1 Toh Ay 3ol ofars
& Ty g7 e Ru v T ) RAffe Adgd W 57 UaRT & FIe wefiid e dhdr gl
IR Fo #AfAr fhdr off 951 g & v fonel [ Ao YR &1 TUsC 3eTexor Yafdd sl
gl Tw WY Aqd F Wl dForsaT g §, AfSheT SEH Uw gHEER Uredd g HhT §1 Th
gATIER deTel Teh GATACR UTSUhHA I 3EROT AT ¢ TSI TSl STeRes oI GaRT ATl
foram S weherr Bl

el dever e & HI < Asier disie ¥ S G TSI A 9T S F1 TR R
faQwae § 3R a1 ar spnita §9 @ afd § a1 @ derec 1 Agcaqul AT @1 S IR
A & AT IATeT Fot g1 fhdl o Tefoe #R &7 Ush 3o U Hefldd %R & &9 & o
STt T HearaeT g1 el AeTell 7 Ueh GATGER ATrae g1 Fehell &, ST HHFSIHR UeTell oh Hlail
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A 3cUeeT GHIA NA-3mATHT 37Ty T3 & HROT AT BT &1 AR Aeiel A 3TH
AT TN 8, §Telifeh GATIER 1 T3l drhr ffeet g1 Tohell &1 AER HEIAd! HIET Gollat (ATl
deTell T JorelT A 310 @, oAfehad TS T 3R o S arel o9 T Jeolell H FA), AT
e R AR Aefdd R 3R o ga I Fera I 7 & & # e g3 deroe
STST §3T §1 defel T GATGERAT AR T Th TS Hohh 1 GATGER aRIed, 3
AR =9 & FES T 39T doier 1 Rl B g & fav o fhar Srem g1 gAEceR,
YATIGR, TGS, 3MATH AR ofarg 1 AT @l Aol yomelr 1 A9eT Fofl & @Y dea H
ygfer @ gl

g aehal AR yarE IRATS & @ FRRIcHS Tiafhar & wRoT @l 75 7 gAEer vgfr
T Gge sl ¢l I8 SfAfhar aaeers da aRor 3R g gedt e & aRumArasT gamer
a3t @1 faftrse ggfer 3R gare & 3R o o S &1 wfafear safew g § it S
IeTel GATGER BT &, HOH ool TaT8 ATl & aeY & 3R faveT g e &1 aedr d o awor
I Ferdl &1 AR AR deh T STAME Sl FAY & QY AS e iR Jarg 1 IRonA gl 56
gfshar & IRUTFEGET Aefel Hid BRI IR AR R & dey & Fufd & <ig afss
oy o giar g1 A & fi¥ W, Il d8F F FiT tE M@ e AR aRE dF W
3l 9E&T & WY HIH-HHR HeATS IEATAT g g1 Al & drw fautEa g @1, we
Yl foarell ATGER IT6$ & ATY 3T FATAT g1 §1 GAEER At & Jed S o R Fr
R ITRAHA &ROT T Higd A arell Al Sfdciideh JaTg HIABIAT I Ggarel GAEER
TTRATHT T FAST F TF 37T FEH AT §55 Aeiel UeoT ATT T F IU&TH @I AT e, 3
3R gfkadefier fAdea, 3R Aeea 3R 3Rl ¥ &RoT arer IR-TAeT daf W 98 d@iE aRagd
& Wcd & [Y 3Td Fofl dlel AT & AR H ARAT gT &1 §53 Tolehid I YBIATA
TACHIH FTccd & R Teh Hgedqul $-3MTpia AT &, Fiieh I8 39 g 1 REAd wear &
S8l JaTE Tohel 98 A HeCIYS HilehIRAT & Feol STam g1 SfSer drarar 3R por Bganfaéy
39T §33 AeTall T I faaAeT & RAFAT et & fav v arar &

Theory

Channel platform reflects the hydrodynamics of flow within the channel and the
associated processes of sediment transportation and energy dissipation. There is no
current theory that can fully predict channel form, but it can be demonstrated that the
channel morphology changes in response to stream power, sediment load and bank
stability. There are three basic channel types: straight. meandering, and braided although
in nature these types form a continuum of platform patterns. A river may exhibit
combinations of these types along its length or at different discharges at a given location.
and few rivers display a clear example of a particular channel type for any great distance.
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A straight channel has straight backlines, but may possess a meandering thalweg. A
meandering channel follows a winding course that may be approximated by a sine
generated waveform. In a braided channel, flow occurs through multiple sub-channels
that thread their way through a series of bars within the broadly straight channel.

Straight channels rarely occur in stretches longer than ten channel widths. They are
relatively stable features and are either geologically controlled or have insufficient energy
to move significant quantities of boundary sediment. A high proportion of any sediment
load is likely to be carried as suspended load. Straight channels may have a meandering
thalweg, which develops due to coherent. three-dimensional turbulence structures
generated in the comers of trapezoidal channels.

Meandering channels are the most common river type, although the degree of
meandering can vary considerably. Meandering is associated with intermediate valley
slopes (steeper than those of straight channels, but less than those leading to braiding),
bed sediment moving as mixed bed load and suspended load and somewhat erosion
resistant banks. Channel sinuosity is a primary indicator of meandering. Meander
wavelength, amplitude and arc length are also used to represent channel conditions. The
extent of meandering, sinuosity, wavelength, amplitude and are length all tend to
increase with the relative energy of the channel system.

The meandering tendency in straight channels is self-strengthening because of the
positive feedback between flow curvature and flow scour. This feedback also leads to the
characteristic growth and migration of meanders as a result of selective bank erosion and
point bar development. Feedback occurs because as the channel curves the fastest flow
is skewed towards the outside of the channel. promoting erosion at the outer bank and
deposition at the inner bank that through time results in bend growth and migration. This
process also results in a close association between channel cross section and position
with respect to the meander wavelength. At a bend apex, the cross-section is highly
asymmetrical with a deep thalweg close to the outer bank and a shallow bar at the inner
bank. At the inflection point between bends, the cross section is more symmetrical with
the lower scour depth. The identification of strong secondary flow cells that focus
maximum erosion towards the foot of the outer bankin meander bends was a major step
forward in the understanding of meander processes.

Braided channel patterns predominantly develop in high energy fluvial environments with
relatively steep valley gradients, large and variable discharges, and dominance of bed
load transport over suspension and easily eroded non-cohesive banks. The onset of a
braided platform is a significant geomorphic threshold within the platform continuum, as
it marks the point where flow switches from a single thread to multithread configuration.
Braiding intensity and total sinuosity are used to characterize the morphology of braided
channels
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1. dled V8 @i, 3Tret & & Tl ared dg Y 3R vag WX & A Yarg [@I=or areq
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FI fihe &1
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3. STelig deTol ATATAROT & I & R doiel &l 87T H| & 10-15 fAsie & deoe
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FH TR W d&el QI ST HhlT §, MR $8 GRI dofel & deelid o &)1 SR, BT, GRae
aTer el S RAwanit fr 3uRufa 3k d9a fr Bufd W Acg 5o 39 & FaR
U TEET T Teh Tohsl foTehy UeTol &l ofdls AT UTerder &1 ofers o S8 oXg ATy o
gl gl

4. Zefelc 3R FA FHe-H3C & JaU IR AR gHG defel & MHR & gHATTGT HET, 3R
AT oI TAT A & TN S 3R Jod e 30 T ¥ 9T 30T &1 59 AWk
¥ IR ¥ Ug 8¢ deh A ol 9IRT W] &9 ¢ [ afg sefele gaw & F15 uRfAs
dooe AR AT STell STl &, af doel doioe 9] & ofiY & se Jreem, 3t I & gRieT
eR-ER Tt 3R ORT AfFd FI FFA H ¢IM AT, TEaR & TR FF §AT0 @A &
faT el & MY W N AET F oo s B Folg & S B

5. ﬁWWﬁE@géWQIWWaWWH@UIEn@rcmldﬁq@eh{msddc
JdTg &y I deial YRT ATFd I §61-T ST ThdT gl e ver Fr arr afFaar 31k
AT TACHIH FI HAT FY dlel 32T HT Teh AT AT Tl & [T Fs I IATT STt
TIfeT| dooe STaR Ft I8 v §a1 & 3-4 8¢ & TIH G il deahl THT T
3MTLIHRAT A FA fRIT ST Fohal &, dAfchad TERAT A g AT

Procedure:

1. Openthevalve V8, close rest all the valves to discharge tank and set the flow rate
from the flow the flow control valve below the flow sensor. Fit one of the two 50
mm stop logs into the deep cut-out at the foot of the tank

2. Adjustthe slope of the sand tank to 0.5%. Smooth the sand level and parallel with
the top of the tank. Use the scoop provided to cut an initial straight channel from
the river inlet tank to the deep cut-out at the foot of the tank. The channel should
be approximately 4 cm wide and 2 cm deep. Set the river inflow rate to
approximately 2 min.
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3. Observe the channel during the development of an alluvial channel environment.
Record the sediment yield every 10-15 minutes. Record the topography of the bed
every 30 minutes (the flow may be turned to a low level during measurement, so
that the channel does not change during this time). Make notes on the presence
of features such as bars, terraces, scour holes. and the position of the channel.
Measure the channel length by laying a piece of string along the edge of the
channel. The length of the thalweg can be measured in a similar manner.

4. The entrance and exit effects of the inlet and low cut-out will affect the channel
shape, and it is advisable to avoid the uppermost and lowermost 30 cm of the
channel when taking measurements. Continue to take measurements in this
manner for four to five hours. Note that if there is no initial sediment load
introduced into the inlet flow, the channel will incise into the top of the sediment
bed, which will gradually reduce the slope and stream power over the course of
the run. Hence, it is advisable to add a small amount of sediment at the head of
the channel as necessary to maintain the bed level.

5. The experiment should then be repeated at increased stream power. Stream
power may be increased by increasing the valley slope, or by increasing the inlet
flow rate. Several runs should be made in order to build up a comprehensive set
of data covering a variety of stream powers and channel platforms. The time
requirement may be decreased by changing stream power every 3-4 hours without
resetting the sediment bed, but accuracy will be reduced

Observations:

Sefelc wdTg &3/ Inlet Flow rate = /[ Llit/min
°TET Gellel/ Valley slope = %

dtar ag (RAere) ddoce 3u (TH/fAAT)

Elapsed Time (min) Sediment Yield (g/min)

ATl & NG TAH T Tk BT & &7 FoR T ATGS arell SFAT Y 3MaeTHhar gt &, e
g AT T FOR BT TRT 3R T T U T oas 7 T H7 1 Hie g Tgel 3 o
ol H &F & MY W U b F g O, 3d & FARA W@ A= 90T, 3R BT 10 a
& WOl # &F & WY F TRT A A0 TS FAfd #, g T &1 39T S Ay
W@ @ 3T & 7dg dF f gl A A9 & fw G sar g, & gt 9isrs A ol 7| A
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& foraTr, ¥a &1 uefed, gfadae doar @ fFufa Sl et off searaei fadvar & foe d@eet
fig gor frw e =nfewl

AeTel &1 o[aTS & AT & AR Teh dN T gohsT TSI ATAT ST Febell &, T AR T ofars
P Alc fRAT ST ThaT &1 AT Y Fa1s it ot sAT R AT ST FheT B

One method of making diagrams of the channel requires two rulers or measuring sticks,
both of which must be rigid and one of which must be at least 1 metre in length. This long
ruler should be laid across the top of the tank from one side to the other, parallel to the
end, and then moved along the tank in steps of 10 cm. At each position, the second ruler
is then used to measure the distance from the top line of the tank to the sand surface, in
steps across the entire width of the tank. Reference points should be recorded for any
notable features such as the positions of the channel sides, sand bars, secondary
channels.

Channellength may be measured by laying a piece of string along the side of the channel,
then noting the length of the string. Thalweg length may be measured in a similar fashion.
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9T HEAT 10/ Experiment No. 10

seged AT garg aF A garg @3 &1 30T ek {oTd Jarg W ST AT FHe-3H1h
SlaR & 9T S freroT

Aim: Determination of the effect of a pile or cut-off wall on groundwater flow using flow
lines in a seepage flow apparatus

grfae de3rq/ Experimental Setup:

39T FT ST gk 3YHIOT:

-_—

© ©®© N o g B 6N

. IReRlf ARt & arr RaE varg Eh/3uaor

deh @l % & o I a1 #gle fAedT

yaTg g28 & v s (AR W a1 i )
Il & SAee 3R 33eae e

¢ & IS I@T 17 Thel AT AH YO

X IT Fe-311% GaR Alge (AT M IT Vehfad 3avIe)

9] 9]

ESARCIS]

T T AT Tl T

FH (dhfeTdh, GEATASNHIUT & o)

Equipment Used:

1.

Seepage flow tank/apparatus with transparent walls
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Sand or fine soil to fill the tank

Dye (potassium permanganate or colored ink) for flow visualization
Water inlet and outlet system

Scale or graph paper placed at the back of the tank

Pile or cut-off wall model (impervious sheet or acrylic barrier)
Stopwatch

Ruler or measuring tape

© O NOOGOr LN

Camera (optional, for documentation)

IGCLIGE

gt Feufal & dgd eqot ATLTAT & AT § $sTel TaTg I &-3AE & & 7 IgAT AT
fohar ST el &1 RATT JaTg dF 3UHAE Siel JMGielel T 3ol il & AR garg @3
(E&HS) 3R AR @3 (FRAR grssifos 88 & W) & ¢@st § #Ace Fldm &l Id
Fe-3Th IR AT & FHT YaTg AT H 9T fHar Srar &, ar I8 yarg J@i3i & ART &1 9o &ar
g, oo s1ut a7 sig S T3t & AT RET FF g7 hdr g1 Jarg s (Wiaesfed warg
@3t AR gAfIsTE [T F T Aecadh) A ol H Heg AT 8

o R Fr &mr
o 3IAUY & HROT Ya1g Ucar H IRadet
o fAffesr N3t T grsgifae ar|

g SIA & ATETH ¥ Hol Rara g o1 ganr fear siar §

_
VK,

W

St

Q=Rama fAdgeT (Fe*/Ahs), k= IRIFIAT JUNh (Y#/AhS), h = Tdg ScesT el aTell el MY
(@), Nf = yaTg AeTell (FaT8 TIW) I HET, Nd = §HIfad @&l 1 wear

Theory:

Groundwater flow through porous media can be approximated as two-dimensionalunder
controlled conditions. A seepage flow apparatus simulates subsurface water movement
and helps visualize flow lines (streamlines) and equipotential lines (lines of constant
hydraulic head). When a cut-off wall or pile is introduced into the flow domain, it alters
the path of the flow lines, potentially reducing seepage beneath structures like dams or
foundations.

The flow net (a network of intersecting flow lines and equipotential lines) helps estimate:

e The seepage quantity
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e The change in flow pattern due to an obstruction
e The hydraulic gradient at different points.

Total seepage discharge through the flow domain is given by:
— h N
Q =kh Na
Where:

Q = seepage discharge (cm®/s), k = coefficient of permeability (cm/s), h = total head
causing flow (cm), Nr = number of flow channels (flow tubes), N, = number of potential
drops

gfshar:

-

Rama & &1 aifsd Fa18 d TA AgA 30 ¥ W 3R 38 99 & F Fredae |
HE-3% AR AT & Al ¢ & hg & 919 Id H o€ad W|

g & AT F IR AT & v 9IS a6 9w A7 Thol TATAT A

¢F & AT R W UEr & Seee 3R 3M3cae & AT H|

feeR-31aear gyarg TUIfd @ de RTeH & Aegd & gl 7 g6 3

YaTE YW@ & @A & AT Sefelc W 318 aia 31|

UdTg SiTel (Yarg (@Y 3R g#fasa @) &1 Feor s 3R 3T 3@y sam|
JaTE <eTcil bl HEAT Nf 3R HATTAT Fal I HEAT Nd & 0T |

. gelole 3R 3M3cele & T Fel §5 IR h & A

10. 3T & ARUNTEY 96T 7 RHrS H

1. JoieTl & AT Fe-3H1h §ar & 4T J2eT & S|

© © N o g »~ O DN

Procedure:

1. Fillthe seepage tank with uniform fine sand up to a desired height and compactit
uniformly.

2. Place the cut-off wall or pile vertically into the sand near the center of the tank.

Level the surface and install the graph paper or scale at the back for

measurements.

Set up the water inlet and outlet at opposite ends of the tank.

Allow water to flow through the system until steady-state flow is established.

Inject dye lines at the inlet to visualize flow lines.

Observe and sketch the flow net (flow lines and equipotential lines).

© N o b

Count the number of flow channels Nf and number of potential drops Nd.
9. Measure the total head difference h between inlet and outlet.

10. Record the data in a tabular format.

11. Repeat the experiment without the cut-off wall for comparison.
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Observations:

\¥)

*.4. FC-3TE T 83 h | VatE Aqal | gl qar | sepmfaw | fecyoh
S.No. dar #r @) A wEw Nf | Fraear | REE Q Remarks
Iqfeufy Total No. of Nd @ AFE)

Presence |Headh | Flow No. of Estimated
of Cut-off | (cm) Channels | Potential | gooha00
Wall N: Drops Nu | (cm¥s)
1. With
2. Without
qRoTa:
He-3ATh el & a1y Raa fSEamer aenerer cm?/s 91T I
He-3T6 didd & foar. Raa et a9 cm?/s 9T I
Result:
With Cut-off Wall: The seepage discharge was found to be approximately cm®/s.
Without Cut-off Wall: The seepage discharge was found to be approximately cm®/s.
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