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Rough/ L02 30/86

Rivers & Alluvial Rivers

River- > channelized flow of water w/ definable boundaries.

Overland flow -> non-channelized; low depth (cm) but very wide.

surface nunoff

> Overland flow- > channelized -> narrow (nills) -> Gullies -> River

Classification of freshwater flow

Rivelet Creek Stream River

& m metens tens of m > 58m

28. 5 1- 5 m 18-38m

Cit order) [2ndonder) [3ndonder] [49 & up]

Long profile- > three main zones

2. Emssional zone - > enodes
, steep slope ,

bouldens, cobbles
, gravels

2. Transport" -> equilibrium , gravel , sands ,
mild slope

3. Depositional -> net sedimentation , aggregades ,
sand-silt, day

florf

oven multiple
Definitions : itenations of deposition

-
Level- > &

= I

=floodplain



Floodplain -> Area adjacent toriver that floods once in two

years on twice in three yearss

Delta v. Estuary

Feature Delta Estuan y

Dominant fonce Upland flow Tidal flow

Primary process sedimentation Enosion

Shape Roughly Aniangular Funnel

Land formation Forms new land Does not

warben Appe Freshwarten saawafen

Fertility High Low

Thalweg : Imaginary line connecting deepest point along long
profile



River classification :

1. By notune of their substrate ! material above which theriver

flows - > bednock and alluvial.

2. Percentage of time they flow :

penennial, ephemenal, intermittent

3. Reltn to GWT

influent, effluent

9. sedimentation load:

Bed loadf cranse sand gravel L> 11 %]

C suspended load -> day ,
sitt

,
fine sand 2(3 %]

mined load

Cbraided ; depth-width = > 48; sinuosity(1 . 3
; steep

meandering ; " 110 ; "2. 0
; gentle slope

5. monphology ->
braided

sinuositys multichanneledness

C
-> Straight/ meandering

-B

& A

x100 To

sinusity 1 . 5 for meandering



how sinuosity + multichannel -> braided

High + single channel -> meandering

Planform indem LPFE)

PFE=/B x100 ((3 -> highly braided

< 28 -> moderately "

3 28 - low " 7
B

I I

T Tz
-

N : 2



Rough/ CT-2 II/57

Channel patterns (How theniver looks in its plan view

straight river- none

meandering - forms as stream enodes the banks

lie on fine-grained soil
,

has gentle slope
L

X hand to enode
;

ashesive

~ Pool
L

Riffle

Thalweg
/ :: &

1

J
Point ban

deposit

Braided- Unable to move all lood
, hence deposits

easily enidable banks

High sediment load



Pattern vaniability :

variables affecting pattern vaniability : slope,

sediment 1d,

sincosity

width-depth natis

Effect of slope ! At a given dischange, as slope is increased

straight- > sinuous- > braided

8. 8 1

Braided

Intermediate

Slope

meandering

8.88881

1 .J 186

=-

Lefs]



Effect of slope & sediment load :

Slope ↑ -> Sediment load & -> braided

Braided

· meandering

straight

slope - >

Effect of sinuosity :

slope ↑ -> sinuosity &

slope ↑ * -> Braided

· straightmeandering
Braided

slope - >



width-depth natio :

Cohesive soil -> hand to enode (both sideways & bed]

-> becomes meandering and deepens

-> gets lowWid natio

·

J

=

&

*

percentageweighted silt-day

->

Based on flooding : Normalriver

Flashi niver

=> Nonmal

· Flashy

=~mi
1 2 3 4 5 6 7 8 9 18 11 12

month- >



Hydraulic geometry : Changes in W
, d

, U W/ respect to dischange .

~= a
; d: ca; U = Kom

Again,
& : w .d . u

·: Q = a. c . ux
(b+ ftm)

80, 02 . 2 . U = 1

b +ftM = 1

comes in two formats : At-a-station

D/s hydraulic geometry

Example : Width & dischange given

W : a qb

·ergw=ga +bl
from graph, w = 18 . 87x806

8 . 45

Again ,
d = 0 . 40

: U = Lyo) x Q
-8 . 1670 .45)

8.39

=
8 . 25 x 8
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Bankfull dischange :

The flow of water of a stream just before it spills over into

its adjacent ·floodplain .

Determine by, (i) depth against w/d natio

(ii) cross-sectional aneavs top width

Example :
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Example!
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Dominant dischange :

Dischange that is equaled on exceeded 50% of the time

Riven slope !

Longitudinal slope of ariver; continuous decrease.

S = S
.
e-am

Reasonings for such profile :

1. Sediment load decrease (size reduction by grinding]
2. Deposition of sediments

3. & increases by inflow from tributaries but not sediment

sediment size :

W = WoeBR

d = doe-ar



Derived Hydraulic Relations :

For a topicalriver : in d/s, QA ; therefore
,

va

- however observation max dend
- 10 check w/ dinet

wid 80 ; d=20 ; v : K0 ; sifa math

mannin'snoughness factor,

~-n

·
0

10 .24-0.5X1-01

=> m : f [AAd/s
,
sediment size+

↓

nh-Qm)

Dancy-weisbach,

E =f

=> S = f t Eg

= AQ" =fo
=> f = < >

871-0 . 270. 4)

~ 8. . J
: Cy &

manning-stricklen , n = 0 . 0478D
,
s

-> P50 = C&

Chezy's coeff, v = CRS)" ; v = AR (RS" ; c = AR" :<0x(&*xY



change in velocity : d3
;

d = aQ84
~2

v.ug12 , for any reasonable value,

n & s" cancels each other

so, asniver goes dis , its velocity increases but not by much

Asniver goes dis
,

w a

d &

V M

St -> sediment size 6 -> n +

Effect of S
, Wid natio

,
and sediment type

wid & -> braided

↓ -> meandering

&wa -> meandering

↓ - braided

188

18-1

brate
· 10 (18 braids-Pe

ve

alos meandering
Braided Straight

184
~ I &

- J 184 103 10-2 13 18
1 8

d/w natio - >



Process of meandering - Hypotheses :

1. Earth's rotation theory

2. Disturbance theory :

deposition

I el. 12
~ u
A

*

el.
18

↑
el. 5

deposition increased slope -> vela -> adjust by enoding banks if

not resisted

3. Encess energy theory :

Increase length by meandering ; decreases slope

4. Secondary flow theory

5. General wave motion arguments



Dimensional relationship in meandering channel

L

ne
L

&

V

= 718; 2-3

meanden length (x) is a direct function of its bankful

width &radius of curvature but not its depth.

M = C
,
Me

R = GW

Mc = C
>
WM

Mc = a BB

Mc = b Rm



Problem : PIT

pool to pool
I

spacing

&

meandem
I I

Length

Mc = c wh

=> m=W

=) SP = <
,
w

:> log SP = log G + nlogw
~ ~ vu

Y C m X

1 . 42
From graph, SP = 150xw Try to keep power close

1 . 42

: M2 = 3. 18X w to one



1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1

1

2

3

4

5

6

7

8

9

1

2

3

4

5

6

7

8

9

1

2

3

4

5

6

7

8

9

1

LOGARITHMIC GRID SHEET 3 × 3 Cycles • Landscape A4 Standard DATE:

Y
-
A
X
I
S
L
O
G
A
R
I
T
H
M
I
C

S
C
A
L
E

X -AX IS LOGARITHMIC SCALE

n=gus in 2. 8 8

1 . 3 4

13
C

,
= 1 : 59

8. (40,
300)

↑ 1 - 45-· ·

18
2. 4

181 Width (m)- > 102



Rough/ 204 22187

causes of braiding :

Two primary causes -> steep slope -> vel4 -> bank enosion -> wide
,

shallow

high sediment load -> deposit -> multichannels

Another explanation- > when the channel section is too wide
,
if

can't act as a single unit.

channel stability :

channel dimensionL dischange

shape, pattern + type & amount of sediment ed

suspended Bed Id
ed

· straight -

↑
↑ y

=

↳ meandering ·
↓ ↓ ↓

· Braided &
&

high L-stability- > low

small - sediment size -> lange

low- vel
, stream pow -> high



Analysis of Stability :

Based on thHope of sediment load

Lange/small & dischange

Pattern, shape t proportion of total sedimentld

Planform Stability (PS) :

stream enoding power
PS1 =

Boundany mat . Strength

Bed load supply
PS2 =

Bed load transport cap.

when PSI is low
,
either mot stren & on stream's enoding

power+
-> meandering

PS1 is high -> braided

At PS2 ↓ -> riven able to canny sediment -> meandering

↑ -> deposits -> mid-channel bons -> braided



modes of Sediment Transport :

Sediment Id-> particles transported through flow.

can be subdivided based on :

1. Physical nature- > particulate, dissolved 1d

2. Presence on absence inniverbed

a. Wash ed -> grain sizes are not present in theriverbed

by an appreciable percentages
b. Bed material 1d -> grain sizes are found onriverbed by

non-negligible amount.

3
.

How they travel -> suspended ed
, bedId

Bed load is always bed-material ld
,
but suspended Id can be

both bed material ld and washed :

Bed material ld , are by definition ,
moves in contact withniver bed

(through rolling , sliding , salting) . Hence , they are naturally represented

in theniver bed

Bed materialId , when turbulence increases
, stants floating above the

niverbed water column and becomes suspended load.

washed is always in suspended state. They never interact on nest

on the bed.



classification of sediment load :

Predominate mode whether particle size

of transport present in channel bed

wash load worsh end

suspendedId

suspended bed materialld Bed materialld
Bed Id

Bad ed



15/88
Rough/midterm

Lea -85

Fonces acting in aniver:

Gravity , Fy -> sinx Alpg
shean,

FR -> TL2dtw3LcOS &

Fg : FR -> To : Pghs

stream power : measure of the main driving fonces acting in a channel

Determinesriver's capacity to transport sediment & perform

geomorphic work.

Rate of energy dissipation against bed and banks pen unit d/slen.

2 = pgas-> = VT
. [Q = AV ; [ = pghs]

Flow resistance :

v : CUs = v =cpg
=> T &

U2

~= pgQS = pqwhUs = kWV ~WV'v

: & Us



1/5
Stricklen's equation : n = 0 .847d50

sediment movement :

Competence : Largest gnain (dia] a stream is capable of transporting.

capacity : manimum amount of sediment of given size a stream

can transport.

Fall velocity : Aug vel. that a particle would attain if falling
alone in infinit extent of water at 24 %.

Basic mechanism of sediment transport :

Depends on the balance between :

i] Gravity pulling ↓

ii) Drag & lift force trying to suspend on mored/s

Threshold of movement :

is Lift fince) grav fonce

ii) Drag fince) combined gnaw . & fnictional finze

iii) Fluid fonces moment) gno . fonces moment

Gravitational fince = (4/3) +(*) (Ps-P)& Imass * gna.

Fg = (%] d (Ps-P)8 -> Fo sind

Drag fonce
, Fa = cd(JA : CIA ; Cd-drag coeff

, 2-> combined creft.

Lift fonce -> negligible



Initiation of movement :

FD + FL) Fg -> FD) Fo

Through simplifications ,

Tc = 4
*

d (P
,
-p) 8 ;

T

c -> critical sheam stress

T*
-> Shield's parston

transport
&

enosion

↑ deposition
E

I suspension

Grain size ->

day silt sand Pebbles Boulders



shield's panam :

- Highest for fine tentured soil20 . 029,
0.250]

- Lowest fore sand [0 . 109 , 0 . 029)

- Increases to a const for coansetextured soid 32mm,
8 .05

2848 mm
,

8 . 05 4

↳ 0 . 06
tc = <

*

dg [Ps-p]

considering, langer d
, [

*
= 8.06

quartz, Ps = 2650 Kg/m3

Ta = 970d



h = 0 . 3m

S= //1800

↓= I mu

TP = 8 . 035

Ea = [
*

dg (Ps-P)

= 8 . 835x1X9 .81[2650-1800) = 0 . 57 N/m2

E = Pghs

= 1000x9 .81x0 . 3x Y,000
: 2. 94 N/m2

4) Tc -> would move/enode

P22) W = 55 m C= 32
-

d = 10 mm (gnaves)

S = 8 . 885

Ec = 970d

= 978x 8 . 81 = 9 . 7 Non 2

[ = pghs = 9 . 7

=> 1888x9-81XhX8 . 805 = 9 . 7

=) h = 8 . 198 m

:= Av CV = </s : 32050005 : 1 m/s

: 55x 8. 198X1 : 18 . 89 mb/s



16/88

Lea 86

Regimes of flow :

DefM : Refers o the classification of bed and water surface that

develops as flow characteristics are changed inalluvial river.

Lowen flow negime :

- nipples
,

dunes w nipples superposed, dunes, washed out dunes

- Fr < 1

- Lowen vel .

- water surface out of phase w/ bed surface

- Lowen sediment transport cap.

- Lange flow resistance

Upper flow negime!

- plane bed
,
anti-dunes w/ standing waves, anti-dunes w/

breaking waves.

- Fr) 1

- Higher vel

-"sediment transport cap

- Lowen resistance

-water surface in sync w bed surface

Transitional flow regime : ennotic



Bed forms w/ increasing vel :

plane bed -> nipples -> dunes -> transition -> anti-dunes

↑ Te T > Tc T > Ta
&A &MN M

Fn >1 Fn < 1 Q M Fn <-1 Fn > 1

Fr 21

Impact of eddies :

1. sediment transport
2. Channel noughness



Resistance to flow in alluvialriver :

As long as IXTc
,

resistance formula (manning's , Chezy's) OK.

when sediment stants moving, boundary resistance changes and

those formula become invalid

Roughness of moveable bed alluvial river,

Roughness= Grain Roughness + Form noughness

Ks : Ks2 + Kse

Grain noughness ,

Ks2 : 3dgo

For gravel rivers, Ksz] Ks2 normally

form noughness

Y2

Ksz : 1hLI-e f = 1 . 76 de
8 . 2

Ksz = 0 .022f



settling velocity of particles :

area of sphene of same vol

sphenicity :

- > ;
area of test particle

shape factori -> ;
a+ major aris

[ -> minon anis

3 -> intermediate anis

Reynold's Number Nre
:

; w = fall ver.

viscouse resistance env.. (Nre < 1) :

W : feed" (Ps-P) [SArkes equs

Inentialresistance enr.. (Nre) 1
,
d) 02mm) :

W: (d

=netret0 . 34 [Drag Coeff.]



-

-
W

& 2 u LPs-P) d2

1- 3080 ↳peto3h Pd
> 3888 8. 44 ↳

Non-sphenical particles :

Re:
d

w:Pd



/ d = 1 mm = 8 . 002m

* = 8 . 9 J

S . G = 2 . 1

~= 1 , 803x10-6 mys
;

12 = PW = 13x1003x186 = 1083x10 K8/m)

Using stokes law :

w = Fou (Ps-p) d2

=00S (2100-1800] 0 . 001" = 9590

: Nre=
d

= 0 .gy.98x0
.

00 : 537 [72 & (sa

Trial & ennon :

Initially , Nre : 537

Cp=e+me
+ 0 . 34

=++ 0 . 39 : 0 . 519

·: ~=Pd
-0 (0) x000
= 8 . 176 M/s



Are as8.514

8 . 176 157 8. 732 8. 148

8. 148 132 & 7 83 8.14 3

: W = 8 . 143 m/s



288 16/8 &

Estimation of sediment transpont nate

W = fld, 2p) -> 4

T = pghs
Tc = +

*

gd (Ps-p)

Yp = ghs = FixIXC

- F : = Up + shean velocity

- determines whether particle stay in suspension on falls

↓ which dominates

close to surface
,

conc . low

both loganithmic; diff
.

to int. A
small at top-

As = Scudo ↑ very small ; a close to bed

↳

simplified : -n : Gay an [memos

Rn = W/ku ; K = 0 . 4

only limitation: at = D
,

a = = Chat Anue]

~

Rn) 2 . 5 -> bed 1d

18-2. 5

< 1 . 8 -> suspension

10 . 25 - wash ed



LOG 18188

Bed load :

if not given, & = 8. 5

=>A
*-8 .5-8 . 7 Ponosity

W ↓

-↳ Ms = ELDH x Ps (1-P)
-

-> = vx m,
-

bed ~ & if notgiven, 10 % mean vel



L18 19/88

Example

Estimation of bed load transport nate

Meyen-Peter:

96 : 0 . 253 (T.-Tc) ; starts moving at T
. ) T

criteria for bedload transport mode

Dynamic Adjustment of River system

Lane's Relationship :

foun panams affecting morphology -> Q
,

3
,
d , Q

Qsd & &S

Q,
ar

-

C = 8s/Qw

PsdQQuS -> G = f L3, Y)



&id & Q5 -> deposit U/S *
&

sd & &X -> enssian u W=>
E

Tsd &s
-> enision UIS

& d & S
-> deposition

Three limitations :

1 qualitative

2. No temporal/spatial
3. No planform

Quantitative !

a (b/2)' = de



Example:

calculation- > 3/4 mark (of 10]

Explain -> nest

& + -> powert [divension infakes waten for

can't transport same sediment Arp
;is don't chug mucy

Aggredation

slope inc .

D& Response of a river to sudden vent
· faulting

slope 4 -> sediment 1d & emision LU/s

slope ↓ -> deposition ↳ dis

-old
el↑ new-7↳

dist- >
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*A Riven Scoun

scoun -> smaller- > hours to day ; few meters to hundred metans

↳ opposite/similar term -> degradation

C ↳ days ,
month

, years; sevanal hundred km

Cgenerally due to man-made struct/ human intervention

. "natural

Total scoun : General scount regardless of struct.

c Localized scount due to struct

aggredation ↳
...

degradation

=

~
~↑

genean

contraction scoun :

Due to bridge on constricted section

on on the whole section due to piens

can go for constricted bridge new vel within limit.



scoun at colindrical pien

Factors affecting magnitude of local scoun

velocity- > - & V3

ds & [N]" x PCA) ; Vat critical vel

* Flow depth & pien width

6/bz > 0 . 2 k wide pien -> ds&

82/b), 1 . 4 t nannow pier -> d
,
& bp

~
wide pier intermedia mandow

Grain Size!

sand 8 . 06-2mm

↑M
counse sand fineo



L12 25188

River sarum

Effect of pien shape :

least Ex
most

&& Effect of angle of attack

*4 -> scound

YB4 -> 1A

Abutment scoun

less than pien scoum

I
not both

on
abutment

->-> v ↓
->

-> wake vonten ->
->->

-> not verticle (tappened)
-> resistance from niverbank

~

clean water scoun Live bed scoun

↓ ↓

no enssidl bed forms

not canning sediment vel ↑

vel not enough
2)

around 70%It clean water seour



L13 82189

CT-> went Sunday
before today's topic

River scoum

en/ Live bed scoun

Livebed
↓

↑clear

Va = 18 . 95 %,6 d,
04

However, we already know va from 5) Ta

Use this when local obstruction(pien] is placed



*** Est . of scoun depth

Normal & Complex pier ;

why complex always : slanden col; buckles ) 12

DL
, LL

wind

Ware [from ship]
complex- > normal equiv

with longer dis

& > =pien
+ Ypilecap + Y pile

A = depth of flow

3 : pile dia

ds = est . depth of scoun

Y = depth of cap top from bed

CNS22: pile cap completely below est . scoun depth

normal pien

Casa 2 : pile cap partially above est . scoun depth -

normal pien

even may be less secur once emposed since if

intercepts wonfere eff. . on soil

Case 3
,
4 : consider complem I scoum of all three scouns

convent to equir .
dio



be : b (b)+] [mems]
↑

equiv . dia

E. g., = 25
- use be for complet

cala . di from all formulas than take the manimum
~

7

Good -> Richardsor

But still consider all

om
hadnaulia depth

Example! Un may not be directly given [dichanga]

Ys = 2 Killcksky [10
.

6504

-

Pipe cap -> 1)
-

>
7m Pine

use widtls (7v] cap

-> ->
-



Lacey - Englis method :

·

enco& Anaditionally was used -> Lace -> PL =
0 .47(%) "

Inglis - > Dse : KDLa
↑

considers depth of design flood
E.

8 . y 8
dur

-

Example



scoun protection:

(a) Ammoning countermeasures

⑮ Flow altering "

collar, sacrificing pile
->

case study
-

Richandson matches the most w/ 833.

but sals of uncertainties



Rough/ CT -3 85/09

Estimation of sediment transport note

Fonce of water -> [ = pghs

critical -> [c : [* dg (Ps-p]

W.. # .8 PPd ; Sp : 24ne

to .34

↓ ) Tc -> bed moves

T/p = ghs = E2LC

· En
=Fp : 7 -> velocity

-> u

up -> shean vel.

w -> fall vel.

* -> determines whether particle stay in motion on fall

W- > falls

up -> moves

sediment load is product of vel . & Cona.

-
loganithmic; complex to int.

Zih =

9s : SCrd veh CONC transport

Uz
S > C2 UCz

J

Co
Zit 3

2I J * * * *



Appnu . suspended sediment cone.

E : [Ca]
Rn

;
Rn=UN ; K = 0 . 4

-y & fraction val
A = very close to bed

uppen half

-> (small x small]" -> very small

conc . close to sunf , is low

lowen half

↳ [less small x small)
?

-> of . surface

Limitation : y = D -> C = 8 -> not true

Rouse Number :

Rn : T

Rn) 2. 5 -> bed load

18(Rn (25-> in transition ; can be bed ld/suspended ed

Rn (1 . 8 -> full suspension

Rn 0 . 25
-> washed

2: h

1. 12 8.16

2 M

1 .93

2: 0
y 1

&
za



P22/ D : 4m

S : 2. 25 x 104

dis : 0 . 4 m

W = 8 . 04 m/s

a = 0 .4 m
, Ca : 400 ppm

Rn=un
u: Ihs
·014x2 .25x10-4 mis

=08te ·.008829

= 1 . 86 [full suspension]
I

: [P)
R

= to : [33109 => c : 124 . 83 pom

-

To become bed load :

Rn > 2 . 5=D) 2 : 5

=) w > KXh) x 2. 5

=> W) 0 .44x2.25x10x 2. 5

· W > 0 . 094 onls



suspendedId :

Qs = C.Q ; Car :
R2

,
43

Bed load :

-
10 % of Vmean =

&= V Us

Ms:2 LAHX Ps (1-p)
-

-

: 2= vx & LAH Ps L1-;
-

-

& = 8. 5 8.7

Ps : 2658 Kg/m3

P = 0.
5LPOROSIAE] TCy = 2-10 % of Es]

#P14/ w= 160m v = 10 % ofUmean

M= 0 . 823 P = 8 . 5

D = 2 .2 M

S = 0 .08/100

Dunes : L= 88 cm

H = 15 <M

-

viR : s x 2.20%0

= 2 .88m/s

: V = 8 . 3 x 2 . 88 = 0 . 624 m/s

: & = UX ELDH Ps (1-P) = 49 . 61 1813/width

= 7937 Kg/s



0 6 /89

Meyen-Peten & Mullen eqn :

T
.

= pghs
3/2

93 = 0 . 253 (To-Ten] Tin : [Pdg (P,
-P)

970 d

EnP15/

Wi 50 m

h = 2. 5 m

S :3 . 0015

d5o = 3. 2 cm

&

Tc = pghs = 36 . 79 Nm

Tam = 970dso = 31 . 04 Nu2

&
b

= 0. 253 (t. -Tin) = 3 . 49 Kg/sm

.: &b = 3 . 49x50 : 174 . 42kg/s



Sediment transport nate of total Id :

suspended 1d -> 80-90%

Total -> suspended (12)



Dynamic adjustment ofriver system - Lane's

& d & &S

↳

↓ sen dischange

particle dia

sediment dischange

As & &
-> Stream power (en : pgis)

sediment Id
, C:

From Lone's
,
G = f (3, "d]

Limitation : qualitative; not quantitative

no temporal component

doesn't address planform/cross section geo

Did & Q5-> deposition up
= =

sd && -> enosion u

& d & & -> erision up
*

*

Ed & S -> deposition us



Quantitative :

a (b/)" : de =

-
b -> * *

> ->

d ->

e ->

n. Pos/

↓ = 8 . 5

& = 8. 99 a2)" = de

b : 1
= e : 1 . 12 [slope inc. .]

C = 8 .95

Explanation : Asd & is

As & is decreased, stream power is desc.

river can no longer transport the sediment it used to.

Hence
, deposition &u/s



Aggradation & Degradation

Degradation : General lowening of bed ful

↓ whenId > capacity -> encess sediment is needed

dis of dave

Anmouning -> bed becomes conser as bed degrades unit

sufficiently thick to prevent further degradation.

Aggradation : Riverbedwise

↓ ld > capacity
u/s of dam

Response of a river to sudden vent· faulting

slope 4 -> sediment 1d & emision LU/s

slope ↓ -> deposition ↳ dis

-old
el↑ new-7↳

dist- >



Aggradation v . degradation

2. inch . in bed ful dec . in bed lut

2. In sediment driven niven in sediment deficit niver

3. deposition emosion

4. dec Kinetic energy inc. Kinetic energy

-

both conf . over long time & dist.



Riven scoun

Result of enssive action of flowing water.

General scour- > regardless of hydraulic struct.

Localized scour- > due to 1 1 (

C Aggradation
Degradation

contraction scour -> due to constriction of flow

Local scour- > around piens/abutments

Total scoun :
gen + local + contraction scoun

mechanics of local scoun :

Formation of ronfices at base

Houseshoe ronfer : Pile up of water on theU/s face of obstruction

and subsequent acceleration around the nose of pien

wake vonter: vertical rorticesdls of pier.



Factors affecting scoun depth :

velocity : d
, & (E)" x DC

Depth of flow & pien width :

Yp 10 . 2 -> wide pier -> d
, & Y

Y/bp), 1 . 4 ->
narrow pier -> ds & bp

& by

&Ep I d>
&Y

↑ intermediate MARM8 W

wide

8.2 1 . 4

Y/pp ->



Rough/Potential Pop 8& /89

why complex pien :

1. Structural nobustness : wide pile cap
,
slenden column

, pile groups

canny vent .
& non . ed to deep soil.

- DL
,

L

- wind ed

- wave action

2. Normal pier can'treach deep stable bednock

3. Ship collision protection

4. Seismic resistance.

Frum cases : I ,

↓

2 . top of pier cap below scount*
depth- > normal pien

2. top of pien cap below bed but

&bove scoun depth -> normal pien

3. pien cap is below sunface but above

bed-complem

4 . pien cap is at on above water surface

-> complem



Eff . pien dia :

be = bT+b)
ESA . scoun depth :

: 20x KikzKska05Ou

scoun protection :

2. Ammoning counter-measures -> withstands the increased enssived

fonce -> nipraps, concrete blocks
, geobags , et.

2. Flow altering counter-measures -> reduces enosive fonce.

-> collans, sacrificial piles.

collans : thin protective disc made of steel/concrete placed
around pier at closer to bed.

deflects down flow ronfer.

sacrificial piles : Piles of small dia one plazed wis of

piens. The suppress the approaching flow
, reducing fonce

and velocity.

Why not in BD : cost

enfneme scoun depth [6om + 3

BD uses -> deep piling, nipnapy geoborgs, concrete blocks



components of complex pier :

Pier

I= T

pile car

Pilegroup
- t

↓

/ *

As = *pient &
pa

+ 4py
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Eff .
of dredging

us

= d/s

A

~

S& w . r. to us -> &N -> enode

S to w . n. fo d/s -> -2 -> deposit

River Anaining/Bank protection

- Transverse- >active -> perpendicular to flow

- Longitudinal -> passive -> along bank

Another was to classify :

-

E
Handcone- > man-made

, nigid

- softcone -> natural
, not-nigid; ef , vegetation

C ↳ not immediate soll ; majorlim

can be transvense/Imgitudinal



Slack zone

adv . not only protect bank

but also build a new bank through sedimentation (reduced flow)

~

Spuns : Plan view -> permeable, impermeable

min 3
much less

Is

Eap -

fl . view -> submerged , non-submented

Orientation -> attracting, deflecting, repelling

-
->-

->
->

↳ D

↓

basically to maintain a

deepen section

egs jettt

shape -> I
, circulary ,

2
, T,,

. . .

~ -> higher scounsmooth deffect



Design ; skip (mostly) (not non-moth]

Guide bank :

~ -

*B Launching apnon Cunique to guide bank)

struct prov , in case of a emergence that is going to fall

--

Poncupines

Two shapes - > Tetrahedral

Prismatic

Revetment

3 profiles (WL) -> standard low water

Highi

Highest Flood Level

nip-nap
, E revetment

gabions

Two types -> open joint, closed joint
Y
- see lec notes->

SHW-HFL

SHW-SLW closed tapt
*pen tape

pour water pres.



Rip-nap-lange size nick -> 3ocm din

L
Gabions - small" "

-> 8 to 20 cmdia (in cages
stackable

concrete blocks- > 300am- 488mm2

Ger-bags -> flexible

are transported and fallen into enact ason . W/ GPS

softcone.... 38% less emp.

mangnoue
-> roof

Bandals not only protects bank , but develops



WI3 16/09

Fina- > lots of theories total 5 ques

figure where possible

Navigation

navigable water-deep enough, calm enough ,
wide enough

Adv.

----

--

Cost

carbon emission

Energy eff.

Delay- > move water as opposed to ain for land modes

> Anansshipment process (fat. -> lange ship -> small ship + -7

Draft-> part of vessel under water

keel -> more is batm

Depth- > monphological factors

width- > the vessels Flow fact.

Blockage factor

Flow vel

No helical current



nevigation lock

& not done on Bangladesh
canalization

cut offs for navigation onbow lake by dredging

Dredging

Hydraulic, culting
Two foes - capital , maintenance

Process

Navigation status of Bangladesh

Dredging in Bangladesh

Eff.

E8L

Flood of Jamuna around June

Ganges Juhy

coincided on 1998



Rough/ Final 28/ 18

Lea 1

streams- > channelized flows of water & sediment

overland flow- > non-channelized flows of water

Surface nunoff -> overland flow -> streams/niver

Riven system -> collecting sus transporting sys dispensing Sys

/ subsystems
T branches trunk norts

S

C J
Anibutaries distributaries

Freshwater flow : tondenndonden andonden 4ts order
-

Rivulet cheek stream River

zones- > emssional zone depositional 28ME

- transportne -degradation aggnadation

Steep mild Hort
.

cobble sand silt

Levee -> elevated anea beside riven bank

Floodplain -> niverbank adjacent area that is flooded twice in three years.

Thalweg -> imaginary line connecting the deepest points along longitudinal

profile ofniver.

Estuanies -> lessriverld and sediment 1d;

Delta -> lange" " 1 1 I



River classification :

Based on substrate : The bed on whichriver flows

1. Bed-nock : Small nivers
,

on mountainous anea flows on immovable

bed nocks. They are pretty stable .

2. Alluvial : Flows on beds and banks of mobile sediment/soil.

They are formed by self deposition and enosion of bed materials.

Can assume many forms based dischange, material ,
and sediment

load. They are monphologically unstable.

Based on GWT :

1. Influent : Gives water

2. Effluent : Gains water

~·x -> =

,

-->
-> X

influent effluent



Based on percent of time they flow :

1
. Alway - > Perennial

2. Ephemenal -> only after rainstorm

3. Intermittent -> Based on time of year/season

Based on sediment load :

1. Suspended load : Sediment sounce is mostly silt-day.

stream is meandering with uniform width. Sinuosity > 2.

small bed 1d ( < 3% of total (d)

Is relatively narrow; low wid natio
; gentle slope;

Bed and banks are relatively stable due to cohesive mots.

2. mixed load : Straight channel with small amount of cause

sediment (3-11%] . sinuous thalweg-

3. Bed Id : Braided channel ; unstable , lange sediment ed & size.

steep.

Based on morphology/Pattern : Plan view

dist of two points
-> sinuosity- > straight line dist

-> multi-channeldness : Number of individual flow channel shown

in a cross-section

single channel multi-channel

Low sinuositte straight Braided

High " meandering Anastomosing



planform Index: Width used for flow to Total width

off.No
I I

PFT < 3 -> Highly braided B

3-20 -> Moderately "

> 28 -> Low I

changes as niver goes d/s :

River

Longitudinal profile

↓
↓--> ->

↑ ↑ T
=>

sediment : enosion transport deposition

Bed : degradation equilibrium aggredation

Slope ! steep mild flort

Bed mot ! Cobble-gravel gravel-sand sand-silt

Channel: confluence single Branching
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Def : Tributary -> a stream flowing into a langer stream

Distributary- > the stream branches aniver divides into,
when

it neaches delta.

Delta -> Ariangular mouth of a nivery formed by sediment

deposition

Levee/Tennace/Ridge -> elevated area beside niver banks.

Floodplain : area adjacent to bank that is flooded twice in

three years.

Thalweg : Imaginary line connecting deepest points

Alluvialniver : Bed & banks are composed of mobile sediment/soil,

deposited by theriver itself, and can be enoded transponded,

on nedeposited by flowing water.

classifyniver pattern [planform; monphology) :

characteristics- > sinuosity ,
multichanneldness

single multi-channel

Low sinuosity straight Braided

High " meandering Anastomosing



classification by sediment load :

suspended ednivea : Sediment sources are mostly silt
, day ,

on

fine sand , meandering ,
uniform width, deep ; bank stable.

Bed Id niver : sources are cobble, gravel; braided , unstable.

minedld niver : Both suspended and bedId.

Planfonu Inden :

sarg channel width
X100:N xim

total width
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Lea 2

River pattern/planform -> how river looks in plan view.

Gives indication of other chans (morphologic &

dinamia] .

E. g. sinuous -> low wid

straight- > wide & shallow

Basic patterns- > straight -> name
, may have sinuous thalweg

meandering- > bed is of cohesive mats (fine grained soil)

low dischange , sedimentld

formed by enosion of banks (pool, ban, niffle)

-> have low wid

-> shope is gentle

-> fine grained sediment

-pool

Fy-X-
bori

braided-> bed of non-cohesive , granular mate (enodable)

high sediment ld

vaniable dischange , constantly changing course

mid-channel bans .



Pattern vaniability : vaniables -> slopes sediment ed , sinusits , wid natio

Thresholding : There's a dischange/slope above which river tends to

be braided.

Effect of shope :

102

For a given dischanges
Brovided

slope 4 -> Straight
↑ Intermediate ↓

. sinsus

↓

braided

meandering For a given slope ,

18-5
189 is dischanger -> braided

dischange- > Chot so impactful)

slope & sediment Id :

1880

Bruid
slope & -> sediment Id ↑

· meander
straight

18J

8.881 8 . 85

slope ->



Sinuosita :

1 . 5 slope ↑ -> sinusity ↑

within a set domain
↑

·
↓ straight- >> meandering ->↓ Braided

2

* slope - > 2

Lo]

width-depth natio :

588 low silt-cli meandering - > cohesive

braided low w-d natio

-

high silt-clay
meandering

I

8. I 18 8

to silt-clo



classification based on flording :

1. Normal niver

2. Flashy niver! Responds napidly to rainfall (characterised by

spikes in hadmograph) followed by a mapid necession within a

short duration.

common for nivers

in hills/hill slopes

Stage- NE & SE regim

JAM Bec

Effect of dischange :

Dischange- > wid natio
,
meanden wavelength, amptitude

slope ,
sediment 1d -> pattern and shape

Hydnaulia Geometry :

&= AV = wdul

w = a ; d = CQf; u= KQm

=> ware = ack &
b+ftm

= 2xQ

: RCK = 1
;
btftM = 1



At a station geometry -> same statio, diff time

Downstream geometry -> various stations throughout langifordinal profile ,
same

time .

2/

w = a&
b

=> log (w) : loga + blogQ
~ ~ nw

Y E m X

From graph ,
a = 8 . 55, b = 8. 20 From cale,

&= 9 .32
8.28

: W = 8.55
↓ = 8 . 16

Given
,

d = 8 . 400
. 45

M

U = KJ

M = 1 - 8 . 45-8. 28 : 8 . 35

12 = 1/4x8 .55] = 0 . 29
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Bankfull dischange :
-

Flow of water just before it spills onto adjacent floodplain.

Determined by :

(i) Wid natio vs . depth : normally , depth inc . faster than width

Wid ↓

sudden inc. . of w cause Wid

~1

isth
(ii) top width vs. cross-sectional aneo: abrupt inc . in top-width

T ~
it

A

23/ j
Dischange corresponding to 2 .2m depth



Dominant dischange :

Bankfull dischange on dischange that is exceeded once in two years.

Riven slope :

continuous decrease ; S : Sean

= Y = S
.-Is [S:

Reason : 1. Sediment size dear. due to rolling , grinding , nubbing ,
crushing.

abnasio Requires flatten slope to transport

inflow · M
2. more dischange from tributaries; not as much sediment.

deposit slope reduced for increased flow .

3. Deposition &/s.

sediment size :

di doe-c

W= W
,

e-Bch



Lee 3 Derived hydraulic relations

For a typical nivers

8.5 - 1 . 8

Wind ; d = CQ; v = K2 ; s = AQ

~.

Asriver goes d/s d incre
.

-> Rinc .

]v* Lancels outn dean.

-> V NS decr .

velocity increases slightly .

-

~-,
Y

:m-SK
COXO. AX()

Q0-1

=> n = <Q
;

n4 -> Q

Asniver goes als, W M

h &

V4

St d ↓ mi



slope-d/w :

shenaid braid
18 3-noid

ei
wld 4 -> braided

↓- > meanden

En ↑ Aid d/w = Wd]'&

Ano

10-4
Braided meanden straight
~

183 d/w -> 18

meandering river hypothesis :

fonce
1

. Earth's notation theory : Any object moving on Earth's surface

experiences a fonce normal to its path , that deflects theriver
IConidi

and results in meandens.

2. Disturbance theory : Any disturbance caused in a straight channel

more make the flow assymetric and move towards one side more

than the other -

e.

g.,
due to obsticles on sediment Id.

3. Excess energy - stretch out its path by meandering. Reduces

shope .

3. General wave motion - Spatial oscillatory motion resulting in

waveform similar to other natural oscillating system-e8 .

flag fluttening in wove.

Flaid flow events shean fonce on river boundaries which

causes instability- > fluids oscilitate.

5. Secondary current



Dimensional alfn !

L
I

I
I = 7 Ar 10

Re 2A 3

I &

B
P = sincessity

~ 1 . 5 <P (1- 8

I
Pool to

Prol sposing W = B

T = L

Me & Wof

3↑ a ne Long wit
meanden len direct fund of

width on nadius

*aofdof)" -> not direct wh depth

18

Y
Post to pool spacing -> 42

x = awb

=> log X = loga + blogw
~ W ~W

Y & m x

from graph , Y2 : 2 .01 W34

134
=) X = 4. 82 w
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secondary flow Chelical flow) :

Ahalweg
↓

As waten accelerate around a corners

it develops a centrifugal fonce tilting pool-point ban

the water upward.

velocity is high around surface and low -
*around the bottom; so in centrifugal fonce
= I

Hydrostatic pressure increases wy depth. -

I

-

At the surface around the outer bank,
Y

centrifugal fonce dominates and moves current outward.

A the bottom, hydnostatic pressure dominates and moves the

current inwand (towards point bans

This causes a secondary current- > helical curment.

- centrifugal face

27-pressure



Lea 4

causes of braiding -> 2 theories :

2. Two primary cause
,

a . Steep slope

b. High sedimentId

-> Non-cohesive bed -> wide and shallow channel

when overloaded part of sediment may be deposited

causing mid-channel bans and multi-channels-> braiding
.

2. shallow and deep channel acts as a single unit of deposition
enosion.

wide and shallow channel cannot do that; part of sediment

that can't be cannied is deposited creating small numerous

channels.



channel stability :

suspended mined Bed Good

G - -
E

->3
~- ↑

- ↑ y
I 2

-

* =&

- · A # ·* So 3b

~3
-

↓ I - ↓
4

~* *· ~
5

E*
&

--=>T =

small - sediment size- > lange

IsW - " ld -> high

low - velocity- > high

how - Stream power -> high

36) BedMofalld > 11%



Planform Stabily nations : PS natios

stream enoding power

PS1 =
-> withstand ensive fince

Boundary mot
.

Stren.

Bed Id supply
PS2 :

Bed Id transport cap.-

> transport bed Id

Interpretation : PSL -> At fixed enoding powers

Boundary mot stuen ↓ PS24 Braided

PS2 -> At fined transport cap,

Bed Id supply ↑ PS24 Braided

Modes ofSediment Transport :

sediment ld -> sediment particles transported by a flow

Id
,

-> Based on physical nature->, particulate ,
dissolved1d

↓

-> presence on bed -> /bed mots ld , wash ed

> how they travel-> bedld, suspendedld



BedId is always bed-mot ed
, suspended Id can be bed-mot Id

as well as washhnd

-> BedId is the sediment ed that travels in confact with

on very close toniver bed.

Bed mot edane the ed that one present in the niverbed in

non-negligible quantities.

* Because bed Id is in contact withniver bed
, they are always

found in bed.

= when turbulent increases
,
bed materialld may start to floot

aboveniverbed water colum and become suspended 1d.

washed is always suspended 1d.

Distinctions :

2. Dissolved Id : gone into solution

not important for channel processes[part of flow)

2. Suspended 1d : Part of ed that moves through the channel in

waten column

size & concentration : varies loganithmically (semi-log ; depth in log)
Cranse sand silf

fine finesand

↓ fine sand fine silt coarse sand

↓
I ↓ I

T

= =

hi nR

CONC. -> size ->



3. Wash Id : stays in suspension by thenal molecular agitation.
Brownian motion.

4
. BedId : capacity limited (than supply]

Classification :

Based on mode of Presence in bed

transport

washId suspended hd
wash ed

suspended bed moted Bed motId

Bed Id Bed Id

No sharp demancation btwn suspended 1d & bed 1d :

2. Fluctuating turbulent lift & gravitational settling
2.. Size overlap

-
- ---

--- ·
↓ suspended

-
- :- -

~

-

: *

- ,

rolling/stidiu =>Jof =

↳ salting-
.. No~8-> J
-

HIGHIIT
=>888



wash ld never selfles :

2. Negligible mass (8 . 06mm - 8 . /mm)

2. Thermal molecular agitation
3. Independence from funbulant

4. Negligiblegnault

Bed 1d capacity dependent :

1. Unlimited availability from bed

2. Once neashes more ability to transport
,

no transport

suspendedld supply dependent !

2. Negligible availability in bed

2. Infinite hydnadic capacity



Lea 5 Finces acting inriver

shean stress :

Fg = Fr

=> Vgsin &= to (2h +w) Lers&

=> PALgAan& : T
.
PL

=> To = p8 1 A/p : R-> h

fanx -> S
=) To = pohs

stream power : note of energy dissipation to bed and bank per

unit d/s dist.

- = p8 & S =) 2 : PqAUS : pgwhUs

=> R/w : PghVs = VT.

v =cs

=Fr/pg

: > v&o =) To & V2

- = V To = ) -& v3

stricklen's equ : n = 0 .047d
"
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sediment movement:
·

competence/colibue : Maximum size of particle the flow is capable

of carrying.

capacity : Maximum amount of a given size particle...

Fall velocity ! Any vel or particle would attain if falling freely

in water of infinite extent & 24%.

Basic mechanism of sediment transport :

1. Gravity for settling
2. Lifting on dragging for suspending and moving d/s

Three fonces involved :

1. Gravity fonce : Opposses the movement

Fg = (4)x(Ps-P38 : trd(Ps-P)8 -> Fysing

2. Drag force : Parallel toriver bed. Depends on :

a) surfacenoughness

3) Cross-sectional area getting hif] of grains
2) Flow vel

Fa =<AYA : CTA + Fycosx <Tqv

3. Lift fonce : Pressure diff between top & btm
& M

of grain causes it to go up.
--- V

,
PL

-...
- VV, PR

Negligible after a few grain hts.
~ ->



Incipient motion :

FD + Fc > Fo
↳m J

-> c
,
Tdv = <LP-p)8 [C2=% 7; 9

,
= c 7]

* I

=> Tc = [
P

d (Ps-p) 8 JT= critical fonce/wasubmenged
↳ shields panam

shields -> [P vs Re L:d)

shield's diagnam :

10
Cloy silt sand Pebbles Bouldens

Enusion

Transport
velocity ↑

(m/s] Depositions

8.881

8. 881 Grain size- > 1888

Cmm]

1. Day requires much higher velocity to be enoded than

sands
,

which requires the least.

2. Once smaller particles are enoded , they never tends to deposit

3. Velocity nex for emision and deposition of langer particles are

similar- > slight decrease, they settle



shield's panam:

↳
hides partly within laminan sublager

--
Highest for small particles, lowest for sand

,
and increases to

a const .
value for crause particles.
~

In 0. 06

Tc = +*d(Ps-P]g - > Tc = 0 . 86d (2650-1800] 9 . 01

= 978d [for > Icon d5o]

Application :

2 h = 8 . 3M

S = 800 =
8 . 801

d = 1mm = 8 . 881

T = 0 . 835

To enode
, Tc : T

*
d (Ps-P]g = 0 . 035x0 .001 (2658-10)x9 .81 N/m2

= 0 . 567 N/m2

Boundary shear
,
T : pghs = 180x9 - 81x0. 3x0 . 001 N/m

= 2 . 943 N/m2

5) To -> errode



22/ W = 55m

d = 1 am = 8 . 81 m

S = 8 . 885

&= 32

Flow to initiate particle motion

Ta = 978d : 9 . 7 N/m2

T = pghs = Ta

=) 9 .7 = 1800x9 .81xhx8 .005

=) h = 8 . 198 on

v = es = 32 GxO5 = 1 m/s

: 2 = AV = IX 8 . 195x55 : 18 . 89 m3/s

Tentunal class : MJT -> (0 . 002mm-) day

- 8 . 06 mm -> silt

< 2 min -> sand

> 60 mm -> gravel



Lec6 Regimes of Flow

Bed forms : Regular/inregular topography of river bed.

Regimes of flow : Bed forms according to flow conditions.

classification :

1. Ripples

2. Ripples w/ dunes superposed lowerregime

3. Dunes 3
4. plane bed

3
& transitional negime

5. Anti-dunes w/ standing waves uppen negime
6. Anti-dunesW/ breaking waves

·

"

Anti-danes
~a

- ↑ /
nt

Plane bad
↓

Dunes

Ripples

↓



1. plane bed w) no sediment movement

↑

Ta -> no movement

[8. 812, 8 . 814]

2. Ripples Fi/
< 8. 4M

I I
TC Ta

+10018 , 0 .030)Top
#288 ppor

& 8. 7 mm
5

3. Dunes Fn K1

& ↑ -> 12 M

28. 820 , 3 .040]

4. Transition Fr =< /

#(8 . 018 , 8 .013]

5. Anti-dunes Fr > 1

20. 812 , 8. 020]

558-48,
550 ↑pin



major diffs btwn uppen & lowenregimes :

Lowen negime uppen negime

Forms plane
, nipples ,

dunes Plane
, anti-dunes

M greaten -> 0 . 016-0 . 826 0 . 013-0 . 022

sediment lowen -> 8-800ppm 1888 - 42 ,
808 ppvi

Fr & 1 ~ 1 - > 1

Resistance to flow :

Before sediment movement (TCT2] -> normal formular

Afte-> complicated

Roughness = grain houghness+ form roughness

Ks Ksi Ksz

when which doministes :

-

In most practical scenarios
,

formroughness dominates

- Form noughness (Ks2] : (Lowen flownegime]

when assymetrical bed form exists
,
the pressure difference over

the bed causes drg effect against flow direction
, exceeding

skin friction.

- Grain noughness (Rsi) :

on gravel-bednivers

when bed is plane (ks2= 8]



why noughness coeff . change from lower to uppen flow negime :

- Roughness = graint form roughness

0 .

015-0
-

093 - on lower regime : assymetrical nipples & dunes cause flow separation

and eddies making form resistance dominant

0022-on uppen regime : high stream power washes away bedforms and

*

3
-

81
form resistance vanishes virtually.

Import of eddies :

1. Sediment transport- > liffs & transports

2. Channel noughness



Fall velocity of particles :

sphenicity -> As/Ap ; Ap- > test particle; As -> sphene of same vol

shape factor -> Yb ; 2 > minon anis; a, b -> major, intermediate anis

Deposition depends on- > submerged wf
visesus resistance

, inentia eff

NRR : D [v: ]

Nre < 1 -> viscous

W : tod LP,-p> 8

Nre > 1000 -> inential

wid(bp
Cp : Zret + 0 . 33



W-

2 1 24/Nre ↓ I LP,-P)

1-1888 =netratid)
d(P& 1588 8. 44



136/ d = 1 mm = 0 . 201 m

* = 0 . 90

Gs = 2. 1

V = 1 . 803x186 mys

-

Assuming laminan flow :

w = to Ad (Ps-P)
2

↓ 9 - 81x0 . 001
(2100-1800) [M = W XP = 1 ,03x158x188 : 103X1O)-

~ IE
1 .503x153

: 8 .598 m/s

Noe : &D..Ex : 533)

Therefines turbulent ?

Cp=
e+e

+84 = 0 . 514

wid(P) = 0 . 176 ms

Wy Ws Diff-
-

-

8.5E 537 8 . 514 8. 17 6

8. 176 158 8.73 / 8 . 14 E

8. 14E 133 8 . 781 8. 14 3

8 . 143 12 8.792 8. 142

: W = 8 . 142 m/s



Re: P36/d1mm
= 0.0

As = 2:

~= 1 . 803x 18-6
~

Assume Laminan :

W : if (Ps-p) =4010.00 (2150-100)

= 5 . 598 M/s

NRe:
D

-DODON : 537)1

·
: Turbulent :

Cp : 24+
Re

10 . 34 : 0 . 514

widDx1 : 0264 : 0 . 17

o Nre D www

8. 5DT 537 8. 422

8. 176 15* 8.731 8. 14 E 8.828

8. 14 * 132: 8 8 . 781 & 4 3 8. 88 5



Lec7 Estimation of sediment transport nate

T : pghs

[c : [*gd(p-p)
] T)TP- > pantide -> bed moves

t/p : gns -> EL E

= En

= -> * (velocity)

=> uP = Fp -> shean vel.

W : fall vel. .

deposit fall
->
Wup -> whether particle stays in motion on falls
↑

suspection- motion

sediment ld -> product of vel & cons.

9s : Sendy an = E-

complex to int.
V &

Cur

2 :&

227
* x M



Approv . suspended sediment conc.:

E : [JR , Ri ; K: o

↓
small value

> upper -> [small X small]
↑

-> low conc .

> dowar ->(less small x small]
R

-> ↑ surface conc.

Limitations: At 4 = D
,

c -> 8
;

not true

Rouse Number:

Rn=D ; K : 0 .4

Ru : > 2. 5- > bed 1d

(1 . 8
,

2.5) -> Anansition

< 18 -> full suspension

↓ 8 . 25-> washId



D = < m

S = 2 .25x154

↓58
= 8. 4 mm = 8 . 8804 m

W = 8 . 84 m/s

Q: 8 . 4M;a = 408 ppm

y = 1 m

E : [PG)
Ru I

Rn=u ; Up = Ihs

: GOX4225X15
8 .84

I -

=) C = 400 [21x0471064 8 . 4x8 .1998 = 8 . 8945

= 1 : 864

: 124 ppm Emg/L)

-

To become bedId
, Rn = 2. 5

=x0gh
= 2. 5

=> W = 8 . 894 m/s

suspendedldtransport nate :

Qs = Car&; Car = RY24



Bed Id :

I
-

-

& b
-> Kg/ &M

- mignation vel

23 : VMs

V = 10% Umean -ponosity
ms : /2L DHX Ps (1-P3

&

i
↓

2650 Kg/m3

~

8 . 5-8. 7

P W = 160m

M = 8 . 823

h = 2. 2 mm

S : 8 . 08%: 0 . 8808

L = 88 Cm : 8 .8m; DH = 15 am = 8 . 15m

P = 58%

v = 30 % ofVmean
-

~mean
: AR5 : 2. 08m/s [R= h = 22m]

: 23 = (0 . 3x2.08)x ([x0 .8x8 .15x2650 (1-0 . 50)]

= 8 . 624 x 79 . 5 = 49 . 61 kg-m/seC

·: Ry : 49 . 61x168 : 7938 kg/sea



Mejen-Petten & Mullen eqn :

3/2

&b
= 0 .253 (To-Tar]

/ ↳ = 2.5m W= 58m

S = 8 . 8815

d58 : 3. 2cm = 8 . 832 M

T : pghs = 1800x9 .8/25x0 . 8815 : 36 . 79 Po

Ten : 978d : 978x8 . 832 : 31 . 04 Pa < T

·
: & b

= 0 . 253 (36 .79-3104)2 = 3 . 45 kg .m/s

·: & b = 58x3 . 49 : ... kg/s

Criteria for sediment transport ;

Bed Rd -> T) Ta

suspended 15 -> Ku > w

wash 1d -> Djo (0 . 063mm



Lec & Dynamic Adjustment of River System - Lane's RlAnshp

Qualitative relation :

&jd & & S

↳Shope
↳ How of water

↳ d 50

sediment transportnate3

Q
s

sedimentld
, Cs: -> 2 = f25 , /3

Limitations :

1. Qualitative; no quantitative estimate of change

2. No temporal component -> how long to take effect

3. Doesn't address cross-section on planform change



*

Ed & Q52 deposition us ↓
&

=>

↑

d & Q erosion wis
=

Ad &s enosis US -

-X

d & S depositioUs

Quantitative analysis :

&d & &wS

a(/) : de ; a : Or ; bi diy ; C : YY
,

d: ; e : S4s
,



d = 8. 3 ; Rwz [Qui

A = 0 . 99; &32=Rs

b : 1 ; dz = d

2 : 8 . 95; Y2LY,

water dischange has reduced but sediment dischange has not.

The channel must deposit excess sediment us.

*
&

slope increase

H

Us N/S

a<P/] : de

=0 . 99x[6.e5 : 0 .9e

: > e : 1 .12 : 12% inch .
in slope w . r. to d/s



Aggradation & degradation :

Aggradation- > increase in bed level of aniver.

Degradation -> decrease in 111 of a 1.

Diffi 1
. A related to bed lvl rising

1. B I "lowering

2. A happens on sediment loaded nivers

2. M 1 I 1 deficit"

3. A related to deposition
3. D "enssion

4 . AWhen niver lacks stream power

4
. B, 1. pick-up , "

similarity: Both happen over a long period.

Dredging : * B
&

S4 w.r. to U/s -> -24 -> degradation u/s

Sh wr . As dis -> 22 -> aggradation at 5 & d



# Us of dam -> aggradation
DR -> v-> -2 ↓ -> deposit

d/s of dam -> degradation
&st -> enssion

# Release of clean wate- > aggradation at Us

degradation at clean water path

# water supply divension- > aggradation just dis

# Flood dischange increase -> degradation during peak stage
aggradation neceding

# Tributary confluence- > degradation if proportionally less sediment

aggradation if lange sediment Id arrives

# Distributary take off -> Aggradation just d/s of off-take



rzylold/
a = 13

b = 1 . 8

& = 1 . 85

&= 1

e : 1

a2/c]: de sediment ed increased by 30%

but dischange did not increase that much

=> 2 = 1 : 16
therefore , stream power lacks the

ability to transport

Encess sediment is deposited Ms , increasing slope by 16%

W.R. A d/s



Lec 9 River scouring

River scoun is the result of enosive action by flowing water.

Total scoum: General scour
,

Localized scoun

> contraction scoun

> local scoun

s aggradation

> degradation

E
----

~
I

General contraction scoun
local scoun



General scoun: Long-term streambed scouring that'd happen regardless
of placement of obsticles on constriction.

contraction scour : Due to flow width reduction by placement of

obstacles / structures

Local scoun : around pier on structure due to acceleration of

flow , localized rontices
,
ef.

Diff : contraction scoun is diff than long team because it happens

in the vicinity of constriction on bridge; not Imgitardinally.

scoun at bridge pien & abutment :

Due to formation of ronfices around the pien :

1. Houseshoe vortex : pile up of water around the us surface

of pien , goes around the pien with increased acceleration.

This removes bed material from around the base of pien.

As depth increases
, their stren is reduced & equil reached

2. Wake ronter: vertical rontices d/s of pien.

Intensify decreases napidly as distance d of pier incr.



Diff : houseshseus wake vonfer :

H : Forms of the us side of pier

W : I behind the pien [d/s)

H : Gras around the the pien, sideways

W : Goas vertically downward

Factors affecting scoun depth :

[i] Velocity

[i] Flow depth & pien width

(iii) Bed materials

[iv] Shape of pier

(v) Angle of attack

Relth W velocity :

Ps & [vc)" DL

Ds&

↑

1
V/vc->



Effect of flow depth & pien width :

/bp [ 8 . 2 - > wide pien -> y controls

Y3p), 14 -> nannow pien -> b controls

&

dbp dy& Y

A I
↳ dx bi

d
,& (bpy]0

. 5

↓
Intermediate hanow

wide len

pien

S
8 . 2 1 . 4

*/bp

sediment cranseness :

M

d/pp

↓ Cranse fine ->

56 3
bp/

d58



pien shape : (Ki)

Square-> 11

circular/round/group -> 1 : 8

shomp -> 8 . 9

For angle of attack <50

else Ki = 1; K2 dominates

Angle of attack :

Angle between flow din & pien's long aris .

I

V

I K2 : (2018 + Yousing >50

o X8

X

Abutment scoun! (Rs)

occurs when abutment obstructs the flow

Around the base and toe

Houseshoevonfen+ wake vonter



Clean water & live bed scoun :

At the us of pier: Vmem Va
-> clean water scour

Umean) Va -> live bed scoun

scoun depth is higher for clean water scoun:

1. How is sediment starving
2. ended one does not get deposited by U/s sediment

3. Stream power is not reduced by nipples , dunes ,
on

water particles.

ds ↑

time - >

contraction scour not significant :

For two cases contraction : Floodplain/bank fillup

piens width reducing flow area

innen anj,< / //

~ Dischange around bank is

insignificant and doen't

cause much rel increase

if nouted through main channel



Lec 18 River scoun (cont.)

Normal pier- > pien cap
, piem/column

complex pier- > column
, pile cap , pile group

why always complex pien pref :

1. Increasedld cap.

single col may buckle

Provides both vent. & non. protection

2. Reach deep stable soil strato

3. Protection from ship collision[pile cap]

4. Seismia protection

scoun components :

Pile cap Pile group
->

pier stee

As = Yspst As
, pa

+ Ys
, pg



Foun cases :

[i] Pile cap is below est . scoun depth

-> normal pien

(ii) Pile cap is at est . sesun depth, exposed

-> normal pien; better preventing scoun

(iii) Pile cop is aboveriver bed but below water surface

-> Complex pien .

Liv] Pile cap is at on above water surface

-> complex pien

=>

-> b E &

-
- A

est scour

·
-

a

< b s



Effective pien diameter:

be = b) +bo

b -> Col width/dia b = pien width

↓- > flow depth

Y -> dist betwe niver bed and top of pile cap

Est of scour depth :

: 20 Kikkska065O

K-> nose, angle, bed mat, anmoning factor

1241 Normal piem

b = 1 . 5 m = d = 3 m

V = 28M/s R, = 1j K2 = j K3 : 11 ; KG =

= 2.0xK, K2Ksku0550
. 43

; Fr : Fa = 0 .37

= )d = 8 . 91x 3 = 2. 74 m



z b : 1 : 5m

↓ = 3. 8 M
->

V: 2 . 8 om 11r

->
R,

= 12 = Ky=

7u
K3 : 11

& = 7 m

: 2.0 Kik2K3Rueg0
.

65 0
. 43

,
FM = 0 .37

=) ds : 6 . 27 m
be : 3() +b)

= 1 . 5 (t) + f (3) m

= 5 . 35 M

Recap i

be = b() +b);
b-> pile col width

↓ -> flow depth

Y -> bed to eap top

b
*
-> pile cap width

d/d = 2. 0xK , KulisKu065043



Lacey - Inglish method :

my

↓

Dse : 20D ; Pa = 0 .47()"; f : 1765s
mm

↑
M

P27/ Q = 388m3/s
-

& : G . 11 m

&= 8 . 17 mm

b = 4 . 2 m

Y = 8

b : 1 m

-

be = b)+)
= 1 (t] + 4 .2) : 2 . 62m

Duo = 0 . 47 2/f]"; f = 176550

= 0 .47x(803 m

= 1 . 76 87 = 8 .73

: 3 .78 m

·
: DSE : 2x3 .78 = 7 . 56m



Bridge pien scoun protection :

2. Ammoning countermeasure -> withstand the enosive fince of

flow by acting asa resistant saven and protect bed underneat.

E. g., nip-no , gabion
2. Flow alterning countermeasure -> deflects incoming flow on reduce

stream power.

E
. gy Collan

,
sacrificial piles.

collan: devices attached to pien of some level closen to bed

They absorbs the houseshoe rontices and downward flow.

Protective disk made of steel on concrete .

sacrificial piles : Piles of small diameted placedu/s of bridge
piens. They suppress the approaching flow, creating a wake

region d/s , and deflect high velaity from

-WI

tu*
w/o

why not in BD : extreme scoun depth (60m + ]

navigation issue

cost



Lea 11 River training

River training structures :

1. Transverse struct. -> perpendicular to flow

active nedinect, reduce bank & bed scouring
spuns/gnoynes,

sills
,
Bandals

, Poncupines

2. Longitudinal struct -> along theriver bank

passive prevents cassion

nip-nap, guide banks, embankments
,
nevetments

-

1. Handcone bank prot -> man-made nigid struct

2.Softcore -> NBS; utilizing natural materials and

vegetation

Spuns : structure buit across the flow from a bank into theriver
L

on groque Functions : is train theriver to a desired course

ii) create a slack zone (zone of reduced flow] for natural

bank formation.

iii) Protect bank by keeping flow away

classification : based on permeability, submergence ,
orientation, head

permeability! Permeable, impermeable

submergence : submenged, non-submenged
orientation : Attracting L) ,

deflecting[] , repelling <]
Head : Ts L, 1, 8, . . .



Guide bank :

Longitudinalriver training structure to nannow its course anially.

~
->

->

-> ·
->

-

They are provided on both banks unless one side has non-endible bank.

Launching apron : Flexible stone covers placed on bed which settles

into scouring area as scouring takes place.

Poncupines :

permeable struct, both longitudinal &Anansvense, designed to reduce

flow on trap sediment.

Two types- > tetrahedal -> sin concrete struts

prismati- > nine i 7



23/15

Revetment :

continuous artificial protective facing placed along theniverbed to

absorb incoming water energy and protect bank.

Two topes : Close joint -> gaps btwn individual hand surface are

closed via cement on stuffe.

Possess detaimental head; only used when wan Ive doesn't

fluctuate on not of concern .

open joint -> gaps remain open allowing face water flow.

structural comp.. - > cover lagen, filten layers toe protection

Ripnap -> Protective facing consisting of mongly angular rocks used

to anmon embankments.

Gabions- > wined box consisting of small stones.

Ripnap- > anmon layen, filter layen, for protection layer.

Riprap vs gabions -> i) R -> 30 am dia nocks

G -> 8-28 cm

i3 R-> Slope 1 : 2

G- > much steeper as they one in wine mesh

in] R -> costly

G -> cheap



Nature-based solutions :

Natural processes and materials to reduce water flow , emssion ,
and

enhance ecological health - an alternative toAraditional inform.

-> use of vegetation & natural materials for bank prot
-> cost eff. in terms of materials, labore.

-> maintenance free once set .

-> Red time to establish

Adv.: Cost eff

carbon benefily

social inclusiveness

self sustaining / Regenerative

Diadu : No immediate prot

Low hydraulic part

High initial vulnerabilities

Uncontainty

Bandals : Traditional low-cost bambooriver structures positioned of an

angle to the flowing water.

Purpose : Navigation- > divents upper layen flow towards thalweg
any session

Bank protection



Lea 12 : Navigation

Navigable water : bodies of water that can be used for commence and

transportation (of goods and/or people)
-> deep, wide, adm enough for water vessel to pass safely.

Adv. -> least cost (1 : 2 : 5] -> niver : noil : nd

least energy (1 : 15 : 4]

land saving
eur, friendly

+ no maintenance ofad

decongestion

safeta

Disad. -> time

Two factors affecting nav :

1. channel dim (monphological -> depth, widtly canvatures

2. Flow cond . (flow factors -vel, pattern of flows

monphological/

Depth : I draff
=Ednaf

more depth- > less energy[less drag]

channel width
:Awo way Annffic

channel rad . of curve -> 3 times of low-bange fleet

cross-sectional anex -> Blockage factor : AC/AU ; Act Channesubmented
BF)

,
6 for two wax x-sechon



Flow factors /

velocity -> (3m/s (longitudinal]
Transverse/ helical connent -> 20 . 3 m/s

Hazandous flow pattern -> 3

shoals -> not enough depth

napid -> currents for strong

hacand -> dangerous -> rontices


