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ABSTRACT

A survey was conducted to cumpile the scale model studies
carried out at River Research Instltute, Dhaka, Bangladesh. It was
found that 97 model studies had peen coapleteo SO far. Four aacitional
modeléare ready for operation. Tne models were classifiea on tne
basis of the nature of boundary, scale distortion ana purpose., It
was found that 67 models were mobile bed and 30 models were fixea
bed. Again 47 models were dlsforted and 50 models were undaistortea.

On the basis of the purpose it was found that 39 models were for
irrigation, 26 for town protectlon and bank. erusion, 7 for fluoa
centrol, 8 for drainage and the rest 17 were for various other pur-

poses. Short description of the selected models are also furnished.

Three selected mobile bed scale model studies conaucted at
River Research Institute,'Bangladesh, were critically reviewea to
examine and compare tne design, construction, operat;on ana aata
colleetion procedures. The selected models were (1} mocel for silt
excluder tunnels of Teesta Barsage PrOJect, {(ii) model for-yrotectlon
of Kustia town from ercsion of the river Gorai ana (111) moaqel for
protectlon of rignt flood embankment of the Brahmaputra-Janruna river.
It was found that model techniques practiced at River Researcn Insti-

+ tute did not comply fully with tne standaro practice.
Finally suggestions have been made for possible extension

0of tne work,
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CHAPTER ONE

INTRODUCTION

1.1 GENERAL

The study of models, the application of nodel techniques and
methods-have found 'increasing use in engineering science during the
past hundred years. The methods of physical wodelling have been
applied to a wide variety of problems,'among which'river and hydraulic
problems are notable. Owing to a number of complex factors_in the

. design of hydraulic:-structures, all details can not be obtained by

analytical methods or use of emperical formulae. Hydraulic models

ofrfer an effective and handy tool in these cases.. These models, that

incur a small portion of expenditure of the progect eliminate the
de51gners doubt and-indecieions, enable him to visualise the problem

better and come out with improvement in design (Kobus, 1980).

About a century ago Fargue built the first known movable bed

N

Inodel of the Garrone. river near Bordeaux ( Devries, 1974). The

model was undistorted with a length scale of 100: the time and velo-
city scales were, however, not pProperly defined. It was reported

that the model_was used with appreciable success. Since then physical
mmodels have been used for solving various problems in river englneer—
in¢g. Problems related to change in channel cross section and meander
geonetry caused by construction of dans, etc; problems related to
navigation such as execulion of cut-offs, optimum location and spa-

. cing of spurs etc., rejuvenation of dylng channels, control of Sedl—

ment entry into’canal; location and alignment of bridges, control




of rivers at bridges and barrages, protection of banks, scour and
silting in the vicinity of intake structures etc. can be solved

through physical models.

In Bangladesh, a Hydraulic Research Laboratory established in
1948 and recently been .named River Research Institute (RRI) is under
the control of Bangladesh Water Deveiopment Board (BWDB). The insti-
tute has been conducting physical model tests on problems reiated to
hydraulic structures river training, and water development projects.
lore than oné hundred mode; studies are reported to have been accom-
plished at RRI. Most of these studies were carried out for BWDB. They
have also conducted a number of model studies for other organizations

and private sectors.

In India numerous hydraulic model studies have been undertaken
at different research stations, like the Poona Research Station;
Hydraulic Research Station, ‘Bahadrabad; U.P.; Irrigration Institute,

Roorkee; Hydraulic Research Station, Malakpur (Joglekar, 1971). The

-subject of the model experiments in these research studies were river

-models, models on river training works, models on barrage, weir,

canal head-works, bridges, models of tidal estuaries, porﬁs, harbours
and coastal erosion,  etc. 1In Pakistan the biggest hydraulic labora-
tory is located at Nandipur near Lahore. There are numerous reputed
laboratories engaged in conducting model studies on the field of water
resources engineering in the world. Notaﬁle few among them are Delft

Hydraulics Laboratofy (DHL) , Netherlands, Hydraulicg Research Station
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(HRS) , Wallingford, U.X.; Danish Hydraulic Institute, Denmark,

US Corp of Engineers Laboratory at Vicksburgh; USBR'Laboratory at

Denver and SOGREA at Greenoble, France.

The Hydraulic problems related to water resources development of

~Bangladesh on which model studies have been performed, so far, has

not yet been reported in a single volume. This compilation would

help the hydraulic engineers associated with the development of

water resources to have a quick reference about the extent and

varieties of model studies conducted in Bangladesh. The comparison

of the model techniqués practiced at the RRI with
techniques will give an insight into practices in

enable us to improve the techniques now in use.

According to the flow conditions these models
for tidal rivers or non-tidal rivers. The present

devoted on non-tidal river models only.

1.2 OBJECTIVE OF THE STUDY

standard modelling

Bangladesh and

can be built either

study will be

The objectives of the present study are as follows:

i) To conduct a survey of the non-tidal scale models carried out

in Bangladesh by the River Research Institute

.(RRIJﬁ

ii) To critically examine the design, construction, operation and

data collection proéedures for selected mobile bed models con~

ducted at the Institute.

iii) To make recommendations towards improvement of modelling

techniques at RRI.



CHAPTER TWO

REVIEW OF LITERATURE OR SCALE MODELS

2.1 INTRODUCTION

During the latter part 6f.thelnineteenth century, mode 1 bégan
to be used for the study of water flow phenomena. A vast amount of
literature on scale models is-avéilable. However, only a few texts
have been produced so fariamong the notable are the works of Allen

(1947), ASCE (1963), Yalin {1971), Ivicsics (1975), Shen (1979),

Jansen (1979) and Sharp (1981). Langhaar (1956) provided a good
“introduction to dimensional analysis; Birkhoff (1960) contributed to

the philosophy ©of the the use of physical models.

The two types of model:physical model and mathematical moaél,
generally have their own fields of épplicatiqn but may éccasionally
be used in conjunction. Brifly the areas of application depend upon
the characterstics and nature of each of the problem. Mathematical
models can cover large areas but they give 1little detail of the .
physical phenomena. Physical models usually cover relatively small
areas and can therefore give nuch more detail information. The
advantages and disadvantage of the two model types are sometimes
balanced by combination of physical models and mathematical models
( de Vries, 1973). Botﬁ types of model involve the schematization
of physical phenomena and ?iver geometry. This means that they
must be calibrated ‘and only.used to forecast new situations when

they have proved to‘reproduce existing situations correctly.




The accuracy of reproduction or prediction‘of.real situations
depends upon the accuracy and extent of data available when setting
up-model. The model itself cannot subtitute for lack of prototype
fdata;'on:the contréry additional field data are often required -

before reliable results can be obtained.

2.2 NATURE OF HYDRAULIC PROBLEMS

Phenomena involved'in‘the study of hydrauiic problems generally
relate td the irrotafional motion of flow over weirs and through
sluices, viscous flow in pipes, turbulent flow in pipes'and open
channelé, non-uniform “flow and back-water cur&es, sediment trans-
—poﬁtation and control, wave motion and wave action, tiaal floﬁ,”
density currents, air entrainment, water hammer, cavia;ion, etc.
Ngwtons law of motioﬁ is the fundamental relation governing all
the hydraulic phenomena mentioped abové. This law can be expressed
in the form of a dimensionless number cglled the Newtons Number.

_ Besides the forces 6f inertia, other forces are due to (a) gravity,
(b) £luid friction, (¢) capillafity énd (d) elasticity. Corresponding
co each of fhese forces, there is a dimensionless number, viz.,

a) Froude nunber (b) Reynolds number (c) Weber number and (d)

Cauchy or kach Numper, In géneral the number of dominant forces
orverating in any fluid movement is one or, sometimes two, the-
effects of other forces being negligible for most practical

purposes.



2.3 DIMENSIONAL ANALYSIS'

Dimensional analysis is a process whereby the variables perti-
nent to a physical problem are systematically organised into dimen-
sionless groups. Such organization effectively reduces. the number
of unknowns and gene;alize the problem in a way that eleminates
the need for specifying any system of unit. The methods of
diﬁensional analysis are based upon the principle of dimensional
homogenity, which states that an equation expressing a physical
relatiqnship between quantities must Be dimensionally homegeneous,
i.e. the dimensioﬁs of each term of an equation must be the same.
Dimensional'analysis is a necessary adjunct to the principle of

similarity.

Barr (1983) has classified and critically compared the different

procedures for dimensional analysis namely Rayleigh., Buckingham,

stepwise,-eéhelon'matrix and proporticnalities stepwise.

Barr (1969, 1971), has introduced a procedure for formulatién
of non-dimensional groups known as the methods of synthesis. This
Aethod is best defined as a procedure for the formulation of non--
dﬁmen51onal functional equationinn terms from dimensionally
hoimogeneous equation in (n+l) terms and where the components of
the (n+l) term equation have been reduced by a similitude argumgnt.
Details of this procedure are available elswhere (Barr 1969,1971,

Hossain 1985,1987) .



2.4 SIMILITUDE APPROACH

Two physical systems of different size in which one accurately
reproduces the phgnomena of the other, are called the similar sys-
‘tem. The same particular laws apply to both systems and the equa-
tions written for one system must be equally-valid for the other.

I1f the systems are the same size, one is called a replica of the

other.

Similarity is a general term covering different kinds of sinila~
rities, such as geometric,'kinemaﬁic and.dynamic. Dynamic similarity
ig the similarity of forces. If two systems are dynamically gimilar,
then the magnitude of forces af.similarly located points in each
system are in a fixed ratio. Geometric similarity is probably the
iwost obvious reqﬁirements for a model study in hydraulic‘engineering.
This is usually achieved by making sure that each length of the
pototype is some ratio of the model. Kinematic similarity is the
similarity of velocities, acceleration. vais achieved by ensuring
that the shape of the streamlines at any particular time is the

same in the'model and prototype.

For dynamic similitude to be possible between two compared
systems where acceleration is taking place, the ratio of répresen—
cative intertial force (DL2 V2) to representative active férce
must be the same, in both cases. This leads to formation of some
non~-dimensional groups. Different type of active forces and corres=-

ponding non-dimensional groups are shown in table 2.1I.



In the.problems to be studied by mode}s, one has to consider
initially which of the forces predominate and influence the
nhydraulic phenomena. If gravity is only force producing the motion,
Frouée's-Law will be appli&able. If.ffictional forces govern the mo-
tion, Reynolds' Law will be applicable. Generally Froude's and
Reynolds' Laws are decisivé in fixing the type and scales of models.
Froude's Law postulates direct variation of velocity with respect
to.- the square réot of the'depth, where as Reynolds Law requires
inverse variation of velocitygto depth. Conséquently, complete simi-
litude is scarcely attainable.in hydraulic model testing. Model
testing is not based on absolute similitude but rather on several

partial similitudes which can be exploited as required.

2.5 ANALYTICAL CRITERIA FOR SIMILITUDE

According to Newton's Law of motion:

vhere, Fi = Inertial force, M = mass, and a = acceleration.

writting, M = pL> and a ='—%
T
3 Er
Fir - -pr Lr X 'I'I"—'Z
r
2 2
= L
P X Vr



The suffix referes to the model prototype ratio.

F
Thus ir . .
! — 5.3 ° 1 crtee a (1)
o LY
r r T

F
Eiiuj— is a dimensionless number disignated as Newton's Number
LV :

which is independent of the nature of operating forces.

Thus dynamic similarity can exist in two fluid motions 1if
the ratio of the inertial forces Fir equals the ratio of the
vector sum of the active forces ( model to prototype). When gra-

ir

vity is the predominant force, then F. = Fgr' where Fgr represents

the ratio of the forces imposed on the ligquid mass by gravitj.

=. 2 y2
Fir ﬁrLr v
So,'Flr = Egr
3
or, 0 L°v? =p g L
rr r rr
v |
cr, g5— =1 (2)
r° r

In otherwords, when dynamic similarity exists in two fluid

'_systems and gravity force is the dominant force then Froude's




g 2

10

Number of the model” ( % )  is equal to the Froude's Number
VgL m

of the prototype,'(7gz-)p. .

Similarly, when viscous forces dominate the fluid system, for

dynaniic similarity, Reynolds' Number of the model, ( Z%-)m is

equal to the Reynolds' Number of the prototype, ( Z%—)p . When

surface tension :dominates the fluid system, for dynamic similarity,
, 5 )
vop

Weber Number of the model 570 m is equal'to the Weber Number of
2 . . '

the prototype | !7%) . When pressure dominates the fluid system

o/t | 2 -
for dynamic similarity, Euler Number of the model ¢ g%ﬁom is

: - 2
equal to the Euler Number of the prototype ( 576—)0 . And when
elastic force dominate the fluid system, for dynamic similarity,
. ' v . T

Mach Number of the model ( 7§7E)m .is equal to the Mach §umber

of the prototype ( 7%760p.

However, in a fluid flow system occasionally. more than one
dominating force system may occur, Thesesituations are illustrated

below.

Case-I: When only gravitational force governs the flow charac-

- teristics i.e., in case where Froude's Law governs the fluid flow,

then for dynamic similarity the Froude number in the model and

prototype would be same,

2 2
v _ v
So, { =) = | EIE )

gL' m p



g

S

11

V2
r
or, T, = ]
Ir-y
2 _
or, v = /Lr . (3) (Since g, = T = 1)
' : P
. Ly
Time scale ratio, Tr = T
: X r
JIr
. Lr
= ./Lr .o (4)

"These expressions find extensive use in hydraulic laboratory
practice, since a majority of model studies are of the type in
which the force of gravity'predominantly controls the motion.

uther scale relations can be derived from equations  (3) and (4},

e.9.
. _ _ .2
Discharge Scale, Qr = Lr . Vr
= 1.2 (VL )
r
= (L) 35/2
L
3 I
. A = L . ——
Force scale, Lr Py r 2
L r
=p L3 r 2
r r (VYL ) ©
. 3
= e I

Case II: When viscous forces dominate the fluid system i.e.,
Reynolds' Law governs the flow characteristics then for dynamic

similarity the Reynolds'.Number in model and in prototype would be

same, i.e.,
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VL . VL
(_\)")m:(_)
P
L.V
r'r
or, 5 = 1
r .
or Vv = —. ... (5
A (5)
Er“
In| o oo
Time scale,. T, = 7
r
ur/LT
2
= L /Ur
. . 2
Discharge scale, ¢ = L. v
r: r r
= L 2 v /L
r. r r
= L wv.
r I
' . 3 Lr
Force scale, . F. = p L. —
r r r ¢
r
_ 3 Lr
e T 2
r
(Lr /vr)
pr r

Cese III: When surface tension dominates the fluid system i.e.

| Veber Law governs the flow characteristics, then for dynamic

! ‘similarity,
- (L (v
S o/L "1 o/L'p
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2 _Or
Vr pr T L
r
_ (9r %
V'r_(LD) )
r r
L
Time scale, T = == = =
: r \Y ‘/Gr
r T
. P
rr
r.3/2
_ s
- Vo /p
r r
Discharge scale, 0 = L% vV
r r r
. 12 0Ox 5
rr
Iifz
r r
} L
Fforce scale, F =p 3 4
ST r rr T2
r
1 Or
:pL .—3—_
r r
. -1
r r

Case IV: When pressure force dominates the fluid systeﬁ i,e.

Buler law governs .the flow characteristics, then for dynarmnic

similarity,
) ( yi_) = YE_)
P/o'm P/p p
v? = Pr
r P.
r
s 9
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s Lr L.r. /
Time scale, Tr = T T 7p Or-
: r r
Ly/brx
VP
r
'Discharge scale, @ = I \Y
r r r
= 12 /K
r P
r
= Ly J/Pr
Py
r
L
Force scale, F = p L3 . r2
. : . r rr Tr
_ 3 LrPr
rt rr
= Lz P
r'r
Case V: When Elastic force dominates the fluid system i.e. Mach law
governs the flow characteristics, then for dynamic 51m11ar1ty

v _ \'
E
o T
v = —
r ( P )
r .
L
. Ly r
Time scale, T = T = L
: r (E /o )
r
Ly/Pr
E
X
Discharge scale, @ = L2 .V
r r r E
] Pr ‘
Ly V/Er
Vo .
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3 Lr
Force scale, Fr = pr LI_ . ;—2
r

N A

T Mr r 2

Lr pr
2
= Lr Er

The scale ratios for different flow‘conditions are summerised

in Table 2.2.

When more than one type of forces afe significant in a pheno-
menon, for example thé'gra#ititionel and frictional forces, a number
of wodel techniques have been developed. The similitude relation-
ship requires in such a case, the equivalence of the value of

Froude's number and Reynolds number for the two systems .simultane-

ously, or in other words:

: \Y)
= J1 = L
vV, = /Lr = Lr
or, vr = (Lr)3/.2

Hence the conditiOn of similitude could be fulfilled only
if the liquids in the model and prototype satisfy the above
relation. If the same liquid (water) is used ;n the model as in
the prototype, Ve = 1 and hence Lr'= l, or the model length

should be equal to those in the prototype, which means a model

is theoretically impossible.
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A different line of approach is, therefore adopted, which

utilises the similitude of Mannings Equation:

Manning Equation, V =

where n = Manningé roughness coefficient or rugosity toeffigient
which accounts for frictional forces, R = hydraulic mean depth, and

S5 = is the slope-of the enerqgy line.

It-should be .remembered that Manhing's n is strictly, a rough- .
ness characﬁeristic, and fhat the Manning's formula applies only
’for sufficiently high value of Reynolds Number when resistance
forces are proportional to the square of the velocity. For simili-
‘tude in prototype and.moael:
vr' = ;-i Rij_ sf_

whereas according to Froude's relationship:,

Vr =l(gr'Lr)35

LIquating these: (grLf#= E$ R% SE . e (6)
] r .
e A N T

n. Ty r

Equation (7) gives the relationship between Lr’Sf and n,. for
fulfilling the requirements of dynamic similitude. Three distinct
- cases arise from this equation:

&
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Case l: Consider a geometrically similar model with surface fall

in prototype equal to that in model i.e., S, = l..

n, = Lf .. (8)

_Once the scale is selected, the above equation states

requirement of roughnes coefficients in the two systems.

Case 2: Consider next a geometrically similar model with
If it is not possible to alter the roughness of the model
similitude can be accomplished by fitting the model so as

the equation.
i - _T :
S, = ti/s cos (9)
r

Case 3: Finally consider a distorted model with

2
[a]

>
|-1
(a1

vertical scale ratio, and

Xr = horizontal scale ratio.
Ef . Rrgi Sr¥ = vYLr ( from eqn.r(ﬁ)f
Hf Yr% (Yr/xr);i::/Yr (Rr=Yr'Lr= Yr)
r

the.

Sr variable.
boundary, -

to satisfy
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Once the horizontal scale is chosen, the amount of distortion
necessafy for establishing similitude can be computed without

altering the roughness of model surfaces.

Another method of an emperical nature is that of extrapolation.
It consists of conducting experiment on at least three models
constructed to different scales and inferring from the trend of

the results the true performance of the prototype.

2.6 HYDRAULIC MODELS

Hydraulic models can be claésified as undistorted and distorted
In the foriner, all dimensions are reduced to the same scale whereas
in the latter, thé scales for vertical and horizontal dimensions
are different, HydrauiiC‘models can also be classified as rigid bhed

iiodels and mobile bed model depending on bed condition.

2.6.1 Undistorted riodels

While experimenting with models one would naturally like to
get ouantitative results as far as possible, in respect of flow
conditions, velocity and acceleratioﬁ of'flow, forces involved,
etc. This can be achievedvif a close dynamic simildrity is obtained
while operating tho models, wﬁich is'possible only when undistorted
Cr geometrically similar models are used. Generally from undistor—
ted models results obtained can be transferred quantitatively,
with simp}e laws of simil;rity to the prototype. In somé cases,

However,qualitatiye interpretations of the observed phenomena

have to be made.

ey ‘
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2.6.2 Distorted Models

It is frequently necessary to design hydraulic models with
vertical scales greater than the horizontal scale. The need for

distortion arises because of the following reasons:

a) In nature when the size of the stream is small, dépths increase
relatively in proportion to widths, which is nature's way of
maintaining turbulence. To conform with this, river models are

made with vertical scales larger than horizontal scale.

b) Prototype flow is, almost without exception, turbulent.'If,
likewise, the model flow is turbulent, the model will be

suitable for the study of flow conditions.. This is possible,

usually if-vertically exaggerated models are adopted.

c) When prototype dimensions are scaled down, hydraulic forces
are so much reduced that bed moveméﬁt is not properly repro-
duced in the modél unless very large models are used,.which
owing to the considerations of cost, available'space, water
supply, etc. is generally impracticable. It is usually nece-

ssary to distort the scale to obtain adequate bed movement.

d) By choosing small depth scales, accuracy in vertical'measure-

ments will have to be sacrified.

'2.6.3 Rigid Models

Models with rigid boundaries are generally employed for

studies of fiood levels. These models require considerable data
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extending over a number of years since the modeis cannot adjust
themselves to all tﬁe different flow-COnditions. In such models
bed roughness is adjusted, generally by'means of small blocks
of studs fixed to the sides and.the bed, this adjustment by

trial and error takes a long time. Spill areas may be roughened

with course sand.

_2.6.4 Semi-Rigid Models

+

In these models, the sides and sometlmes parts of the bed
are made rigid. A bank slope exaogeratlon can thereby be adopted
far in excess of what would otherwise be possible. However,
results of measures in the non-rigiad reach would not be reflecoed
in the rigid portion, unless the rigid reach itself is so far
away as not to be affected by the measures tested. Thus. the
interpretation of results in semi-rigid models require great ‘-

caution, keeping in view all the limitation involved.

2.6.5 Mobile Bed Models

In these models, both bed and sides are made erodible.
However banks may have to be made rigid if they become steeper
than the natural angle of repose of the bed material. The advan-
tage of erodible models is obvious, since they can indicate
changes in channel geometry and channel configuration brought

about by varlous measures tested.
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2.7 CHOICE OF SCALE

The choice of the scale depends on the type of the river for
which experiments are to be cérried out. Broadly there are two
types; wide and shallow, as against deep and narrow rivers; The
former have steep slopes relative to their discharge, and carry
gene;ally heavy loads. On the other.hand, the latﬁer have high
banks, iﬁdicating a high proportion of silt charge in sdspension,

a relatively small bed load. Variations exist between these

extremes and have to be considered while fixing scale ratios.

2.7.1 Horizontal Scale

It is determined from considerations of discharge and space
available. The folloWing considerations are pertinent while fix-

ing the linear scale:

i. The scale selected should be such that the width of channels
: : ~
are adequate. A minimum width of 0.9 to 1.2 m is considere%%

. A
satisfactory. '

ii. For thé examination of cut-offs and river diversions in
low stages, adequate widths should be available for study
in models. For instance,.with a horizontal.scale 1/600,
it would be difficult to study the effect of a 15.2 m wide
cut, Similarly, for river diversibn experiments, model
discharges, corresponding to the.minimum discharges in the
prototype, with which a divefsion is to be carried out,

should be measurable and effective.
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iii. If width of the models kept very small, surface tension
will be prominant and dominate the fluid sysfem. Tﬁen‘for dyna-
mic gimilarity botﬁ Froudes L aw ahd Weber Law govern the flow
characteristics. As a result a more complicated model techniques

have to be developed.

2.7.2 Vertical Scale

Given the horizontal scale, the depth scale can be worked

out with the help of one of the following formulae:

0.75 ' '
i) d = (L) e according to #annings formula
0.65 :
ii) (L ) > d> LO'75 ... according to Cutter's formula
_ 0.728 o .
iii. d4d = (L) _ -+. according to Winkells formula.

iv) da = f;5 187 ... according to Lacéy'é fornula

where, £ = silt factor = 1.76 vin, - m being the median diameter

of sand in mm.

In these formulae, the following assumptions are made:

Va ¥d  where, V = velocity

R(xd where R Hydraulic mean radius

However, results obtained from these formulae differ appre-
ciably from one another and hence, the formulae cannot be taken

as accurate guides. The depth scale should be fixed so that
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sufficientufractive force, vyds, is available for the-bed material
used in the model. Thus} the depth scale has to be fixed in con-
junction with the slope scale. The séale should be determinéd

in order to obtain a sufficiently high Reynold's number and

thus eﬁsure turbulent flow in the model for the lowest discharge.

For maintaining terbulent flow, Karman Number, k = K/’ﬂ%ﬁ. should

be kept greater than 50.

2.7.3 Slope Scale

This is fixed so as to induce proper movement of bed material,
and at the same time, control friction for correct reproduction

of water levels. The Lacey formula:
s = 0.542 £°/3,91/6

is sometimes used to determine this scale. However, the formula
takes into account only the grade of'the bed material, but does

noct guarantee bed movement- for the grade adopted. It does not,

‘therefore, yield satisfactory results,

Lo~
b
-

While operating hydraulic models, it is convenient to have

" egual slope and vertical exaggeration, since it results in con—

siderable simplification. Vertlcal exaggeration of models of
the wide, shallow and steep river is regquired to be greater
than that of the narrow and deep rivers. However, a higher

vertical exaggeration, accentuates the initially steep slopes
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of model of wide and shallow fivers causing intense bed move-
ment. On the contrary, the vertical exaggeration permisgible in
rnodels of deep and narrow rivers is small; likewise is the slope

exXaggeration which results in unsatisfactory bed movement.

2.7.4 Discharge Scale

Models afe operated according to Froudefs relationship:
velocity scale = (depth scale)% and, hence the discharge scale
equals LDl'S. For alluvial rivers the mender lehgeh is pfopor—
tional to vYQ. If the law holds good in models, then the dlscharge
scale must be proportional. to L2 The practice is, however, to
make LD 1.5 equal to L2 to avoid compllcatlon especially when there
are rigid structures to be tested in the reach. Another method is
te adjust the dischafge seale by trail and error. Water is intro-
duced into the model so as to reproduce certain known protptype
gatges. The ratio of actual discharge of tpe prototype to the

wodel discharge, capable of reproducing known prototype gauges,

gives the discharge scale.

' 2.7.5 Tiine_Scale

Theoretically,'the time scale is’ equal to L/VD. Model
discharge stages are based on the nature of the hydrograph
duration of each runin is determined according to the theoretical
time scale and adjustments are made by tra;l and error. Generally

low discharges have to be run in the model for a longer time and



25

higher discharges for a shorter time .than that worked out theo-
retically. So that scouring is not exaggerated and prototype.

conditions are reproduced in the model.

2.8 Choice of Material

Sufficieng bed movement is the cfiterion deciding thé chéice
bf material, so that bed configuration is properly simulated.
Figure 2.1 shows the relation betweeh thrshold veloci;ies and
material sizes. For material between 0.15 and 0.25 mm in diameter,
velocity required for movement is least. For finer material

higher velocity is required.

Wherever velocities in models are not enough to move sand on’

bed, lighter materials are used as described below:

i) Coal dust: Coal dust from collieries is of an average specific:
gravity of 1.4 to_ 1.5 and serve as an excellent bed material.
The main objection against using coal dust is that it does

not give a uniform size of material;

ii) Saw dust:.Pure saw dust, when used floats inAwater and to some
extent, it can simulaﬁe suspended load. But as soon it becomes
. wet, it slowly éinks forming into a lump like cohesive
clay. This.is due to the action-bf fungas . To prevent'fungal
action, the saw dust is teated with saturated lime water and
then treated with 1% solution of copper sulphate which

" corrects this tendency. . ' : .

f 1“".
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Pumic stone of specific gravityl.4 to 1.7 and grain size

1l to 3 mm is also tried in some: place.

Plexiglass or pPlastic sand of specific gravity 1.18 is

popular in Europe. Its cost prohibits its use on a large

scale.

Polysterence is a byproduct of synthetic rubber_and_of
specific gravity 1.05 and is used in Europe. This matefial

also is costly for a large scale use.

Powdered Bakelite has a specific gravity of 1.37 and being

free from defects like absorption of moisture, lump formation, -

etc. it is quite suitable as a bed material.

Lignite has a specific gravity of 1.2 to 1.6, but its main
defect is that it is a water repellent. If treated with a

wetting agent, it gives a satisfactory result:; and

Lac and Lac products are also useful in this respect.

f Shellac (Sp.gr. 1.47) mixed with barytes  or shellac mixed
7 with a small quantity of calcium stearate (3%) and urea (2%)
gives a satisfactory account as the model bed material.
2}9_ARTIFICIAL MATERIAL FEED
In models; materials has to be injected‘értifically at
suitable places to simulate the prototype. The rate of injection
is adjusted so that model is equal to that 1njected upstream to
Y o obtaln equilibrium conditions. The rate of injection is worked
LI

out usually by trail and error. The bed and suspended materials

_'.’_‘744__:"-5
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are used by selecting suitable types considering similarity to

the prototype. Garde has worked out an equation for the rate of

.total load in alluvial streams, viz.,

i To‘ 4.0
(V*d) = 16" E;;a) (Jog;ekar, 1971)
f
in which

qe = the rate of total sediment transport.

V* = Shear velocity

d = bed material sizg, mim

To = Yg RS, Ye < specific weiéht of-fluid
R = Hydraulic radius, '

S = Slope .

AYS = Difference in specific weight between sedimenf and water.

Bl.5h4JSS4.5 d~3.0

The above eguation can be written as : Ay, = r r r

where B = % + h = depth , r = scale ratio.

It is worth-while to test the above formula in river models
and cbﬁpare results obtained by trail and error method of silt

injection.

2.10 VERIFICATION OF MODELS

The design of scales is no guarantee for the satisfactory

rerformance of the model. Additions and alterations, imposition \l
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of flow conditions at entry or exit, etc. become necessary

conditions, such as water levels, velocities, flow

conditions, bed changes, tidal characteristics with proper phase-
lags and velocity of propagation of tidal wave, tidal influx and.
range, reflection, refraction,~defraction, attenuation and break-
ipg of waves, and other peculiarities observed in the prototype.

For want of reproductionqu prototype coﬁditions-to any degree

of accuracy it will ﬁot be'safejto pred}ct p;ototypeibehaviour

from the model results.

Before a model caﬂ be usgd as handy tool for answering
problems it is necessary to reproduce known phenomena in the
prdtotype..Considerable time may be required for this stage
of simulating the moael. Complete dynamic similarity is not
possible. It becomes necessary to adjust various hydraulic forces

50 as to bring about in the model corresponding prototype condi-

' tions. However, the adjustments have often to be based on judge-

ment and experience. Though a étript hydraulic similitude cannot
be obtained but it can be closely approximated by means of an
erperical process known as "verification" which is a progreséive
modification of the hydraulic forces and the model operating
technique, unFil the model reproduces hydraulic changes known to

have occured in the prototype.

2.11 MODEL LIMITATION AND DIFFICULTIES

Model limitation and difficulties are discussed briefly

below:
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a) Reproduction of silting and scouring: In models the bed
rnovement is due to particles which roll on the bed forming ripples,
and very little material goes into suspension. Silting as a result
of movement of bed load is reproduced fairly in the model. But sil-
ting resulting from the deposition of matérial in suspension does
nét occur naturally in models {Joglekar 1971). Various methods
are.uéed to reproduce this latter mode of silting. Deficient
silting in modeéls can be accelerated by using materials of low
specific gravity which go easily into suspension with model velo-
city gradients and turbulencé. Another method used to reproduce
silting, consists of injecting very fiqe silt or clay in the-
model. The 'deficiency in natural éilting is then overcome by
artificiallf silting the reaches thus indicated. Unless this
proéedure is adopted, it is obvious that.scour, channel develop-
.mgnf and flow conditions cannot be obtained accurately in the

model., It may be noted that in a model, scour occurs much more

rapidly than silting. Unless both these are simulated correctly

at the same time, model channels and shoals can not be fepro—

duced and, hence, hydraulic flow conditions'will not be correct.

| b). Adjustment of the mode 1 to variable conditions: It has been

observed that in models, two -thirds of.the maximum scour takes
place during 5 peréeﬁt of the operation time, whereas silting is
slower than in the prototype and has to be exaggerated. Cross-—
séctions in -the prototypé are measured generally ih the dry

- season, since it is difficult to obsrve them during floods.
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.In mddels, when flood hydrographs are run, most of the sand

gets washed away and tHe cross-section, obtained are quite
aifferent from thosé with which the model was originally laid.
Proper allbwance should be made for this divergence while inter-
pretihg the model résults. Anothet difficulty in model studiés
in the material scoured round rigid structures like groynes,
pitched islands, vanes, etc. gets deposited iﬁmediately down
stream to form an unnatural sand shoal. This excess deposit has

to be removed from time to time to get correct results,

c) Exaggerated scour holes: Vertically ekaggerated models give

-in general, approximately correct maximum depths of scour but

pecause the angle of repose of bed material remains the same
both in the model and in the prototype, the model gives too large

an extent of the scour hole. Care has to be taken, therefore, to

counteract exaggeration of extent of scour Occuring due to the

distortion of model scales.

d) Necessity'of fitting masonry stuctures: In'verticélly exagger-
ated models, bank becomes steeper than permitted by the angle of
repose of material forming them. They have, therefore, to be

made rlgid,_whlch conforms with rigid bed channel, steep banks
affect flow conditions: flow is attracted towards the banks
contrary to protot&pe conditions. and model performance ‘is vitia-

ted. Allowance should be made for this while interpreting results.



31

e) Reproduction of obstruction: In vertically exaggerated models

where tests are made for briages, weirs, barrages, etc.‘the
number of.piers should be feduéed to maintain the. width to depth
relation of the weterﬁay te simulate the obstruction. Failing
this, flow conditions would not be reéroduced correctly in the

. model. Other minor limitation of the models are:

f) Exaggerated vortices: Vortices in models are magnified in

plan. To minimise this effect, adjustment of bed contours may

be necessary.

g) Reproduction of size and specific gravity of stone or block for

river protection. works in models.

h) Effect of fitting vertically exaggerated models on back-water-

length and height. . : : ot

i) Necessity of having different vertical scale ratiocs for rigid

and non-rigid portions of models and

bac

3) Incorrect throw-off.

1, | 2.12 INTERPRETATION OF MODEL RESULTS

Due to model limitations as described above the interpre-
tation of model results is of importance. This requires good
knowledge of model technique;, a long experience of working on

the models and study of model and pfototype behaviour of river
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under varying conditions; e.g. the behaviour of a spur or guide
~bank can best be judged from the trend of scour scoopéd out at
the nose of spur. or head of guide bank. The direction of contours
give the probable defleétion cof flow by the spur or guide bank.
The stilling created by the spur on its upstream can be judged

from the lines of flow.

2.13 IMPORTANCE OF FIELD INSPECTION AND ANALYSIS OF DATA IN MODEL

INVESTIGATIONS

It is always describle to visit the site fo; field inspec-
tion speciaily in the case of river problems. Discussions with local
officers and the people is always helpfui; because this alone makes
it possible to visualise conditions adequately to arrive at a
comprehensive diagnosis ‘of the case. The limitation of models
must, however, be kept clearly .in mind and in the case of mobile
models success will depend mainly on the:ébility of the person |
directing the experiments tb visualise and diagnose the conditions
which have led up to the present position and, in the light of
that kndwledge to predict changes which will -take place in years
to come. A model cannot possibly give reliable information unles”
éhe conditions imposed are correct. Field inspections enable
one to understand.where the model fails to reproduce the river
conditions, and why, and how far inherert differences must be

taken into account.
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2.14 MODEL PROTOTYPE CONFORMITY

Rapi& progress has beeﬁ made, in recent years, in the use
of hydraulic models as an aid in the design of hydraulic struc-
tures. However, sufficient dapa are not available for comparison
bétween model and prototype results. Such comprisons are evidently

necessary, since they alone can instil confidence in the designer,

Difficulties in collecting prototype data are multiplied
because various factors in the prototype operation cannot be
controlled as readily as in the model. During flood flows, it is

often impossible to obtain accurate measurements because of

-

changes in the river section due to bed movement., Difficulties

are also encountered in measuring velocities in large high head
outlets because of the tremendous forces involved, necessitating
the use of study instruments; or the use of instruments may not be

possible at all for lack of access.

The science of hydraulics is yet in the emperical stage.
Fof further advance it is egsential that prototype and model
coﬁformity is considered at every stage of operatiOn_énd qhould
also be encouraged by the authorities in-charge of prototype

structures.

2.15 CONDLUDING REMARKS ON RIVER MODELS

Models are always helpful, in that they make it easier

i) to visualise the problems;
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ii) to verify data, to see whether théy are correct and adequate

or whether important details have been omitted;

iii) to evaluate the relative effects of different treatments
naking allowances for model limitations, but it must be Clearly
understood that success depends primarily on a correct

diagnosis and evaluation of all the factors causing change.

In'general, the tendency is to place too_great reiiance on
thoﬁght numbing  formulae. They shou1d be used only as a guide‘
for initial laying. Thereafter, observation and comparison of
model behaviour with river conditions should be the basis for

further modifications.

Factors involved in reproducing river condition in a model

include:

i) natural slope exaggeation; .
£ '
B ii) natural width reduction;

iii) a very much quicker time scale in the model than in-the

river;

iv) much stéeper side slopes in the model though the material has’

practically the same angle of repose as in the river.
V) fluctuating discharge and bed silt charge;

vi) exaggerated effects in the model due to rigid portions.

&! " These cause elongated vortices, and distorted lines of flow.

S
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vii) Meanders, spills; cut-offs are affected by the relatively
coherence and angle of repose of the material in the river

and model the relation varying with variation in discharge;

viii) difference in flood cycles from year to year which have to .

be assumed and imposed in the model to predict future

changes;

ix) difference in vertical scale and length scale affects rigid

and non-rigid portions of a model.

‘No formqla can be‘devised to.take all these varying factors
into consideration, all that' can be done is to,cérry ocut experi-
ments with mobile models to evaluate divergences from'matural'
conditions :esulting from various disturbing factors in order
to see how far these effects can be minimised. Though alluvial =
river models have many clear cut limitation yet they give essen-~
tial information'to those who can interpret themn. They should not

be expected to show what will happen over a long period of years,

'their'chief-valug being as an aid to engineering skill, which

they can never replace.
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CHAPTER - THREE

MODEL STUDIES UNDERTAKEN AT THE RIVER RESEARCH INSTITUTE,
BANGLADESH

3.1 INTRODUCTION

The Rivei Research Institute.of Bangladesh Water Development
Board started.functioning from 1953 ( at that ime it was known
as Hydraullc Research Laboratory) and performed the first model
study entitled "Model investigation of spillway de51gn of dam
at Kaptai in the Karnafuli River". Since then it has been engaged
in conducting nodel studies on varous projects. In 1977 the
Hydraulic Research Laboratory had been renamed as "River Research
Institute” (RRI). A comprehensive list of the model studies are

furnished in the following articles with brief description.

3.2 LIST OF THE MODEL STUDIES

Begining in 1953 and upto the pPresent period of 1988 numerous

model studies have been conducted in the RRI. At present 4 model

studiesare in progress A list of the model studies is given below:

1. Model investigation of spillwayldesign of dam at Kaptai in

Rarnafuli river, February 1953 (HRL-1953).

2. Model experiment on chute spillway over the main embankment

of Buriband,. June 1953-(Rahman~1953).

3. Model experiment for the prevention of erosion at Sirajgonj

by the river Jamuna, July 1953 (HRL—1953).

L
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4. Model study on the design of chute spillway over the main

embankment of Buriband, Dec. 1953 (Rahman-1953) ,

5. Model experiment on diversion channel design of the dam at

Raptai in the Karnafuli river, March 1954 (Rahman~1954) .

6. Model experiment on the study of seepage flow below the bed

of Gulle Regulator, near Kaligonj in the district of Khulna(HRL-1955).,

7. HModel experiment ofiflood spillway inconnection with

Pathraj Irrigation scheme, June 1955 (Rahman-~1958§) .

8. Model study on the design of Buri Teesta flood spillway,

June 1956 (HRL-1956).

3. Model experiment for the prevention of erosion at Kurigram

by the river Dharla, July 1955(HRL—1956).

10. Model studies on the Bridge-cum-Regulator over Senpatiler

Khal ihconnection'with-TulShigonga scheme, January 1957(HRL-1957) .

11. Model experiment of the outlet stilling basigs of Govania

i§ Chara Reservoir Scheme, October 1958 (HRL-1958) .

12. Model experiment of Intake channel of Ganges~Kobadak‘Projéct,

November 195§ (HRL-1958) ,

13. Model experiment on the drainage sluice inconnection with

Khulna multipurpose scheme, February 1960 (HRL-1960) .

l4. Model study on cofferdam for Teesta Barrage project May 1961
(HRL-1961) . ’

15. Model study on sectional model of Teesta barrage project,

July 1961 (HRL-19¢1) .
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16. Model study on sectional model of Bulli barrage, August 1961.
({HRL-1961) .

17. Model studies on Little Feni Regulétor inconnection with

coastal embankment project, January 1962 (HRL-1962) ,

18. Model studies for the checking of erosion of right bank of

Feni river upstream of Sovapur bridge, February 1962(HRL-1962) ,

19. Model studies on sectional model of Magura barrage, August 1962
(HRL-1962) . -

20. Model studies on drainage sluice utilizing flexible paving
in stilling basin inconnection with coastal embankment project,

August 1962 (HRL-1962).

21. Model study on Karnafuli Dam spillway, October 1962(HRL-1962) .

-~

22, Model study of Magura Barrage-cum-Navigation Lock; August 1963
(HRL-1963) . :

23. Model study on Tiket sluice, April 1965(HRL-1964) .

24, Model study on modified design of Tiket sluice, April 1965
({HRL-1965) . :

25. Model study on Intake of Sonaichari Irrigation project,

lday 1965 (HRL—1965).

) _
26. Model study on Badalpur Intake structure inconnection with
old Brahmaputra multipurpose project, October 1965(HRL-1965)
/ ' 27. Model study on Faridgonj pumping station stilling basin,

July 1966(HRL-1966) .

25, Model studies on old Brahmaputra intake channel inconnection

with old Brahmaputra multipurpose project, Septembef 1966

29. Model studies on Ganges-Kobadak regulator, March 1967(yrr-1967) .

a | ‘-
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33.

34.

35,

36.

37.

'38.

39.

40.
41.
42.
43.
44,

45.
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Model study on drainage regulator, Chandpur Irrigation

Project, June 1967 (HRL-1967) .

Model study'on Typical Box slulce of Coastal Embankment prOJect

April 1968 (HRL-1968).

Model studles On main pumps outlet Stllllng basin of Ganges-

Kobadak prOJect August 1968 (HRL—1968).

Model study on llagura barrage for determining discharge,

September 1968 {HRL-1968) .

Model study of bank protection by permeable fence, November 196g.

(HRL-19€8) .,

Mecdel study on tidal model of Chunar river, April 1969(HRL—1969).

Model study on the location of Teesta bar-rage, July 1969 (HRL-1969)

Model study of Rahmat Khali Khal regulator, November 1969 (HRL-1969) .

Model study of Feni river for protection of Sovapur bridge,

December 1969 (HRL-1969),

Model study on Typical R.C. Box sluice for coastal embankment

project, December 1969 (HRL-1969) .

Model study on loop-cutting of Rahmat Khali Khal, June 1970
(HRL-1970) .

(HRL-1970) . _ :
Model study on Teesta barrage project July 1970 (gRrr-1970)

Model study on sluice channel of Teesta barrange pProject, 1971
({HRL-1971) :

‘Model study on Teesta barrage project, 1971(HRL-1971) .

Model study on Kushtia town protection from erosion of river

Gorai, February 1972 (HRL—1972).

Tl
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47.
48.

49,

50.

51.

52,

53.

54,

55.

56.

57.

58.
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Model study on Matamuhuri river for Protection of Chiringa

bridge ang closure of diversion channel, March 1972(HRL-1972.

Sectional model study of the modified stilling basins of main

barrage ang under-siuice of the Teesta Barrage project, 1972

Model study of Protection of right bank embankment downstream

Of Kazirhat requlator in little Fenj river, 1973(HRL-1972J-
Model study on €rosion probilem in Khowai river, 1975(HRL—1975).

Model study on €rosion problem ip Khowai river on the basis

of Indian Proposal, 1975(HRL-1975).
Sectional model study of Manu barrange, May 1976(HRL-1976).

Mode1l study of Manu river inconnéction with Manu barrage

Project, June 1976 (HRL—1976).

Scour under different conditions of flow for a straight ang

a 15° Curve approach channél, October 1976(HRL—1976)

September 1977(HRL-1977) ,

Model study of Tengapara Weir-cum—Regulator, February 1958

(HRL-1978) . .
Model study on Kurigram town protection'scheme, 1978(RRI_1978),

Sectional model study of Feni regulator, October 1978(RrRT -1978) .
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60.

6l.

62.

63.

64.
65.
66.
67.

68.

69.

70.

71.

72,

73.
74.

75.
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Model study on Hazimara regulator to protect it from the

erosion of Meghna river, 1978,1979 (RRI-1978).
Model study on Feni regulator, April 1979 (RRI-1979).

Model study on protection of Kushtia town from erosion of

Gorai river, December 1979.(RRI—1979).
Model study on erosion problem of Khowari river, 1979(RRI-1979).

(RRI-1979) . '
Model study on protection of Hazimara regulator from the

erosion Qf Meghna river, December 1979 (RRI-1979).

Mode; study on Manu river barrage project, February, 1980 (RRI~1980).
Sectional model study of Tengapafa submerged weir; 1980(RRI—i980).
Model study on Rajshahi town protecﬁioﬁ scheﬁe, 1980(RRI~1980)
Model study on Teesta barrage broject, NOvembe:, 1980(RRI-1980)

Model study on siltation problem in the G.K. Intake channel (RRT-1980) .
November 1980 (RRI~1980). —

Model study on Manu barrage structuré,1981.(RRI—1981).7

Model study on the first proposed site of barrage for the

Ganges barrage project, 1981 (RRI-lQBl).
Sectional model study of Teesta barrage project, 1981 (RRI-1981)

Model study of the canal head regulator of Teesta barrage

project, February 1982 (RRI-1982
Model study on the location of Teesta barrage project, 1982 (RRI~1982)
Model study on cofferdam of Teesta barrage , April 1982 (RRI~-1982)

Model study on sluice channel of Teesta barrage project,

May 1982 (RRI-1982).
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77.

78.

19.

80.

81.

82..
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Model study of sediment excluder tunnel of Teesta barrage,

June 1982.(RRI-1982),

Model study on demonstration model of water control structure,

1982 .(RRI- 1982) .

Model study of Rajshahi town protection works, January 1983
(RRI - 1983). .

Model study on the closure of Dalia channel of Teesta river,

1983.(RRI ~ 1983).

Model study on erosion of Khowai river for protection of Shaista-

genj Railway bridge & Road bridge,Sy;het,April 1983 (RRI. 1953). _

Model study of modified silt excluder tunnel of Teesta

barrage project, September 1983 (RRI-1983).

Model study for protection of bank erosion of Teesta river

‘ atIambulpur, Rangpur, 1983 .(RRI-. 1983)

83.

84.

85.

. 86.

87-

Model study of Intake channel and intake structure of Kaptai

Hydro~Electric power plant project, December 1983 (RRI-;1983L

Model study of tailrace structure of Kaptai Hydro-electric -

power plant project, December 1983 (RRI - 1983), . .

Model study of silt ejector in main canal of Teesta barrage

project, December 1983 (RRI - 1983).

Model study on river training works upstream of Teesta

barrage at Dalia, December 1983 ( RRI - 1986) .

Model study on Loop-cutting and protection of right bank
embankment downstream of Kazirhat regulafor in Little Feni

river, 1983 (RRI -1983).
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89,

90,

91.

92.

93.

94.

95.

96.

97.

D
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Model study of Barishal harbar area, January 1984 (Intercon-

sultant, 1984) . (RRI-1984).

Model study for protectlon of Kushtla town from right bank

erosion of Gorai river, 1985 (RRI~um5)

Model study on Bifurcation of Bogra-Rangpur canal regulators

for Teesta barrage project, March 1985'(RRIa 1985) .

Model study for protection of Kumarkhali town from erosion

of river Gorai, March 1985 (RRT - 1985},

Model study to see the effect on the cofferdam after construc-—

tion of groyne for diversion of river flow, April 1985 (RRI-1985).

Model study for protectlon fo. right bank erosion of river Gorai

at Chapra, May 1985 (RRI - 1985),

Model study on the sectional model of Rangpur regulator structure

R4R, under Teesta barrage project November 1985 (RRI- 1985) .

Model study on Sirajgonj town protection wofks, March 1986

(RRI - 198%).

Model study for protection of Mohanpur bazar from bank erosion

of Meghna river, March 1987 (RRI-1987) .

Model study for protection of right flood embankment of the

Brahmaputra-Jamuna river, June 1987 (RRI—- 1987).

The 4 models studies in pfog:ess are:

Model study for protection of right flood embankment of the

Brahmaputra-Jamuna river (2nd part).
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2) Teesta flood by pass under Teesta barrage project.

3) Protection of Kaitala pumping station ffom'erosion of

Brahmaputra-Jamuna river,

4) Tidal model study of Doarika river.

3.3 ANALYSIS OF TYPE OF MODELS UNDERTAKEN AT RIVER RESEARCH
INSTITUTE DHAKA

Models may be claséified according to its nature of boundary

as mobile bed model or fixed bed model, accoraing to the scales

adopted as distorted scale model or undistorted scale model and

according to the purpose of the study e.g. for irrigation, town
protection, navigation, drainage, flood control, coastal - deve-

lopment, power development, etc.

Classification of models on the basis of the nature of boun-
dary of the models are furnished in Table 3.1. Classifiéation of
models on the Basis of the nature of scales are furnished in
Table 3.2 and classification of models on the basis of purpdse

of study are furnished in Table 3.3.

An analysis of Table 3.1. reveal that models for town protec-

"tion from river erosion, models for Intake channel, models for

selection of location of barrage, models for loop-cuttihg, models
for river training worké, etc. are generally constructed as mobile
bed at the River Research Institute. As for example model.study
for the prevention of erosion at Sirajgonj by the river Jamuqa,_

model study of Intake channel of Ganges-Kobadak project, model
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study .on the location of Teesta Barrage, model study on loop-cutting
of Rahmatkhali Khal and model study on River Training Works upst-
ream of Teesta Barrage at Dalia have been conducted in mobile.bed
model. It is found that most of the mobile bed models are distorted.

But mobile bed models with undistorted‘scales are also common.

- Models for spillway design, models for stilling basin, models for

drainage sluice, models for submerged weir, models for-barragé
structures and water control structure, etc. arée constructed as
fixed bed. Fixed bed models are usually undistbrted. But fixed

bed models with distorted scales are also used. It is also found
that out of 97 models constructed at River Researéﬁ Institute,sa are

mobile bed and the rest_30 are fixed bed.

In Table 3.2 there is given a summary of models on the basisl
of scale distortion. River models, models for hydraulic struc-
£ure in river like barrage, models for River Training Works to
protect the river bénk, etc. are constructed with scéle distor-
tion. Models for spillwaf, diversion channel, stilling basin,
drainage sluice and sectional models are constructed with undis-
torted scale. It may be observed from-fable 3.2 that 47 model stﬁ—
dies had been undertaken Qith distorted scale and 50 models are with
undistorted scale. Few distorted scale models are models for the
river Teesta, Jamuné, Dharla, Gorai, Ganges, Brahmaputra, Meghna,
etc. models for the Teesta barrage, cﬁfferdam of Teesta Barrage
etc.;, models for protection of right flood -embankment of the

Brahmaputra-Jamuna river,protection of Rajshahi town from erosion
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of the river Ganges, etc. Few undistorted models are, model for.
spillway design and.diversion channel design of dam at Kaptai
in Karnafuli riﬁer, model for the outlet stilling basin of
Govania EharalReservoir scheme, model for drainage regulator of
Chandbur Irrigation project, sectional models on Teesta Barrage
projeqt, Manu Barrage project, Feni regulator, etc. Distorted
models as well as undistorted models afe constructed with both

mobile bed and fixed bed.

Hydraulic structures which went on model étudies at the River
Research Institute were mainly for the purpose of irrigation, flood
control, drainage, bank protection, power development,coastal deve-

lopment, navigation, etc. It is found that majority of the model

studies had been carried out for the irrigation pufposé. About
39 model studies were on irrigation purposes. Among them ‘are models’
in connection with Pathraj Irrigation scheme, Ganges~Kobadak pro-

ject, old Brahmaputra multipurpose project, etc. Model studies

for Bank protection from erosion occupies the second position con-~
sidering the number of studies. 26 model experiments had been con-
ducted on bank erosion. & few of them are forlthe prevention of
erosion at Sirajgonj by the river Jamuna, athﬁrigramlﬂﬁtheIiver
bharla, at Sovapur bridge by the river Feni, at Kushtia town and
at Kumarkhali by the river Gorai, at Rajshahi by the River Gangés

/ at Sylhet by the river Khowai, at Mohanpur by the river Meghna and.
for protection of right flood embankment of‘thé Brahmaputra-Jamuna

river. 8 models studies were conducted on drainage purposes, 7 for
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power development, 7 for flood control, & for coastal development

and 4 models for other purposes were constructed and experiment

were carried out at River Research Institute., These are summarised

in Table 3.3.

The river on which scale models have been developed so far
are given in Appendix-C. Short description of some selected model
studies undertaken at River Research Institute, Dhaka are attached

in Appendix-D.

3.4 MODEL STUDIES OF BANGLADESHI PROJECTS CARRIED OUT IN ABROAD

For finalizing the design of some projects, model studies were
performed outside Bangladesh. Among them some model studies are

discussed here.

1. Movable bed model of Jamuna bridge corridor (NEDECO, 1987).

The movable bed model was constructed in the Netherlands at

the consultants "De-voorst" Laboratory to- study the channel pattern

 of the braided Jamuna river and to test the various concepts and

layouts of the river training works for the Jamuna bridge at Siraj-
gonj. The dimensions of the model are: length.55 m, width 20 m.

It has a bed of sand of dia 0.2 mm under a 0.7 percent slope.-

The scale value of the model is 0.0l. A scaling method was deve~
loped to design the bhysicallscale m&del of the'Jamuna riﬁer in

Bangladesh (Klaassen' 1987). Initially exploring tests were
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carried out with constant discharge,_having,rgcirculation of
water and sedinent ., Water and.sediment were introduced info'
the model at a pumber of points in the upstream boundary in
order to vary the channel pattern. . The following measurements

were - carried out:

1. Aerial photographs from over head rails.

2. Measurements of transverse cross-section.

3. Water and sediment discharge and their distribution over
the .inlet points. |

. .l_q_?
4, Water levels, todstermine the slope in the model.

lests:  were carried out with various constant dischafges after
which the resulting channel pattern was compared to tﬁe actual
Ebserved patterns. The scale of the model was thus finaily esta-
blished as to be 1:1000 hqrizontally and 1:200 verticaily, inmply-.
ing‘a less serious distortion than initially estimated. Fig; 3.1
shows a vertical view of movable bed mgdel with river training

structure.

During the last weaks of september, 1987 the fixed bank, were

introduced into the model to represent the bank protection works

~at Sirajgonj and the Bhuapur ferry site. The resulting changes

in the channel pattern are being studied. As a next step the

bridge and appurtenant river training works will be introduced

in the model and final recommendations for the layout and concept

of training works will be made.
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2. Studies of hydrOthermal conditions of water supply source,
Ghorasal power station, Bangladesh (Technopromexport; 1987).

By the present time two 55 mw and one 210 mw units have been
put into services at the Ghorasal Thermal power station. The
fourth unit of 210 mw is under construction, the fifth one of-the
same capacity isin the design stage. It is contemplated to install
another 210-mw enits. Unit 5 and 6 are designed for higher cool-
ing water temperature with the rated capacity at the inlet being .

maintained at 380c whereas that of units 3 and,4_at 360c.

Hydrothermal inveetigations of the TPS water‘supply source
were started in 1984. To this end a mode 1 of the Lakhya river reach
was constructed at the experimental ground of the B.E. vedeneey
VNIIG. The principal results of the model tests were used in TPS
extension project contemplating installation of three other

210 mw units: the 4th, 5th and 6th ones.

The dimensipnless tempereture number governs the thermal
conditions of the model and the formula for scalliﬁg water tem-
éeretures. Froude Number determines.the velocity and discharge
scales, Reynolds number determines the geometric scales and
Stroughal pnumber determiﬁes the time scale ef the model.

The scales of width 1: 50 and depth 1:20 determined the scales

of the water dlscharges and time 1:4160 and 1:12 respectively,

" 'rounded off to some degree for experimental purposes. The flunme

was 50 m long and 3 m wide. The pump operation control and data
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acquisition were carried out automatically. 22 float mounted
resistance thermometers for recording the surface water tempera-
tures were installed at equal spacings along the model iength.'

Five thermometers were used for recording the water temperatures

~at the model boundaries. The reading were taken every 10 minutes

in the tidal cycles, altogether six times.

Model experiments showed that when installing units 5 and 6,
it was necessary either to considerably extend the length of the
discharge channel or to provide units 3 & 4 with mechanical draft

cooling towers which runindry season only.

3. Model study of the‘confluence of the Lakhya and Dhaleswari
River (Interconsult, 1983).

In order to invéstigate the heavy siltation problems ih the
confluence area'betweeﬁ Lakhya and Dhaleswari a physical model
study was carried out at the Norwegian Hydrodynamic Laboratory
(NHL) , Trondheim, Norway, in 1983. NHL was assigned by Idferconsult
A/S on behalf of Bangladesh Inland Water Transport Authority,
Dhaka. The model study had two main purposes: (a) to givé flow
diréctions and velocities for use in the computations (bi to
assist iﬁ evaluation of alternati&e designs, from the yigw point -
of bed ioad transport. In the model the river was reproduéed in a
length of 6000 m. The dimensions cf the model are shown in

Fig. 3.2. The chosen model length scales were vertical = 1:33%,

~horizontal = 1:200. The time and velocity scales are in agreement
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with Froude's model Law. Polysterol 2710 which has a den51ty of
1,08 g/cm3 and a representatlve diameter . of approximate 2.5 mm
was used to model the bed sediments. Water was used as a. model

fluid. The-veloeities in the model were measured with an ultasonic

level, discharge, etc. The model was calibrated for one high .
water situation and one low water situation. Model studies had

been conducted on the present channel and four other alternative

channel alignment.
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CHAPTER FOUR

REVIEW OF MODELLING TECHNIQUES FOLLOWED BY THE RIVER RESEARCH
INSTITUTE

4.1 INTRODUCTION

In conductlng a mdoel study the follow1ng steps known as model—

ling. techniques, have to be performed Systematically,

i). design of the model

ii) construction.of the model

iii) calibration and validation of the model

iv) operation and'cdllection of data from the model, and

V) interpretation of model results.

To reﬁiew the modelling techniques followed at the‘RiQer Research
Institute, indepth study of three selected model study has been
made. The selected model sfudies are:mbdel study of silf éxcluder
tunnei of Teesta Barrage project, model study of Kushtia town pro- fﬁ
tection from erosion of river Gorai and model study for protection
of right flood embankment of fhe Brahmaputra Jamuna river. The
steps followed and technique adopted in various Stages-of the

actual model run are discussed in the following sections.

4.2 MODEL STUDY OF SILT EXCLUDER TUNNEL OF'TEESTA'BARRAGE'PROJECT

4.2.1 Introduction

" The Bangladesh Water Development Board has taken up the construc-

tion of barrage accross the river Teesta near Dalia in the district




- {'k;iﬂ.-.

53

of Rangpur for supplying irrigation water to the Teesta project

which comprises a total command area of 18,50,000 acres of land in

the district of Dindjpur, Rangpur and Bogra ( Binnie & Partners,

1969) . The main barrage consists of 7 bays of undersluice and 37 bays ﬁj
(1 '

in the weir portion. The divide wall divides the undersluice and bi

‘weir bays, the details of which may be available elsewhere (BRTC- . W,

BWDB, 1987; Progress report, 1987).

The Teesta.river carries a huge amount of sediment load both
in suspended and bed materials ( BRTC~BWDB, 1987). After cdmple-
tion of barrage construction silt will enter into the irrigatioP
canal with the diverted water through the canal_head reguiator '
(CHR) . The sediment cause serious problems in opérating the gates
of the regulator and also deteriorates irrigation water quality.
To overcome this situation, silt ekcluder tunnels are being pro-

vided in the three undersluice bays adjacent to the canal head

b

regulator. Silt excluder is a device by which silt is excluded fngm

u

P

) . L
water entering the canal. It is constructed in the river bed in

front of head regulator. There were 4 tunnels in each bay totalling ‘
lZ'tunnels and the internal dimensions were 1x10°'-0"x7'-6",
3x7'-0"x7"-6" and 8x7'-9"x7'-6". Fig. 4.1 presents detailed dimen-

sions of the silt excluder tunnels. The transported bed materials

to be deposited in the river bed woﬁld be flushéd through the

excluder tunnels, thereby the irrigation water to be withdrawn from

the river u/s of the barrage will contain only suspended sediment

of smaller size.
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The objectives of the model study were to see the design
efficiency and hydraulic performance of the silt excluder tunnel
system having reference to the discharge in the canai and for
exclusion of sand to the canal aﬁd to determiné the most suitable
alignment of the CHR in relation to the axis of the barrage. A
model study was conducted in a distorted scale model with hofizon—
tal scale of 1:100 and vertical scale of 1:48 in September, 1981.
It was recommended to modify (1) the axis of canal head regulaﬁor
to 112° in relation to the axis of barrage, (2) the approach of
right. guide bank infroﬁt of canal head regqulator was modified
{3) the silt eXcluder tunnel system was slightly extended. Finally
in order to verify further the result of modei study an undistortea
model of sediment excluder tunnel together with canal head regula-
tor, undersluice and a portion of barrage was constructed and
experiments were carried out in June, 1982, the detail of which is

given in the following articles.

4.2.2 Design Procedure of the Silt Excluder

All data, drawings and information of the prototype, needed
for designing a model, were supplied by the design éircle of
BWDB. The design circle received the data from the field offices
of the project circle and alsd from the hydrology directorate.
River Research Institute has no field staffs of its own to
CcOllect data directly. But the officials of ﬁiver Research Insti;

tute visit the prototype site occasionally during model design to

‘observe the prototype situation.
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Directorate of design; Teesta Head Works designed various
camponents of the bafrage including the sediment excluder tunnels,
Various design parameters like discharge, stage, flow, sediment’
load, cross-section of the river etc. were collected by the
technical personnels of BWDRB. The model of s5ilt excluder tunnel

together w1th canal head regulator, underslu1ce and a portion of

‘barrage was de51gned according to Froudian Law of similitude. The

‘model was constructed in an undistorted scale of 1:48.

4.2.3 Construction of Model

The model was constructed at the premises of River Research
Institute at Dhaka. All the llnear dlmensionsof the prototype were
converted to model dlmen51on according to the chosen scales. The
alignment of canal head regulator with 8 bays, the silt excluder
tunnels cover 3 bays out of 7 bays of undersluice and 6 bays of
barrage with divide wall had been reproduced in the model. Only a

portion of river infront of undersluice and by the side of right

. guide bank had been reproduced. Fig. 4.2 shows all the detail

dimensionsof the model of silt excluder tunnel of Teesta barrage.
Total length of river reproduced in the model was about 5000 feet
and - the width of the river was about 3000 feet A 3 feet rectangu-
lar sharpcrested weir and a 1'-g" rectangular sharp—crested weir
were installed respectively for measuring discharge through the
Barrage'and the canal head regulator. Three gauges were installed

for meaSuring the water surface elevation in the model at three
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different sites -= one about 21 feet ( about 1000 feet in the
protetype ) u/s of the crest of barrage, one at 8 feet ( about

400 feet in prototype) downstream from crest of barrage and one at
6 feet ( about 300 feet in prototype) u/s of the crest of the CHR

in the canal.

The river portion of model was constructed according to origi-

nal plan with fine sand. Silt excluder tunnels were constructed

with teak wood. The angle of bend height, Width and thickness of

wall of respective tunnels were made as per plan. Six piezometers
were installed to measure preseure in tunnels no. 1,3 & 5 ( coun--
ting from canal head regulator). The barrage, undersluice and canal
head regulator were constructed with cement mortar. The gates were

constructed with thin mild steel (m.s) sheet of 16 s.w.g. thick.

4.2.4 Operation Technique

Water was used as model liquid and arrangement for required
water was made tﬁrough pgmping water from a nearby pond. No materiai
was mixed with or introduced' to water for meeting the regquirement
Oof sediment lcad in the model; rather velocity method was exersized
instead of introducing any sediment load. As reported by the perso-

nnels of River-Research Institute, velocity method may'be defined

'as the technique in which velocity measures whether a particle

will move or settle down. During test run velocity of water was the
deciding factor which ensured whether deposition of sediment load

would occur or not. Test runs were made initially without installing
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the excluder tunnel system for the discha;ges 306000, 40,000

60,000, 52,000 cfs (prototype).

The u/s elevation was maintained at 170'Ift. R.L. which islthe
pond level for dréwing discharge in the canal. The undersluice and
barrage gates were kept partiallf open to maintain upstream level.
The canal gates were also kept open partially to pass the reéuired
discharge of 12,500 cfs ( prototype) through the ‘canal. It was not
necessary to open all the gétes fully for allowing the above dis-
chérge to pass in the canal. The downstream level in the canal was

maintained at 168.0' feet R.L.

The sediment‘which resulted from scouring of bed materials ent-
ered in the canal and also passed through the barrage. The amount of
sediment deposited in the canal and also at the d/s of barrage were

measured at the end of each experiment. This is presénted in Table

4.1, The model was run for one hour approximately.

Erosion took place at the nosé of divide wall. As more diéch-
arge passed along the undersluice there was unsymmetrical flow and
erosion and deposition took place towards the undersiuice pockets.
The model study re&éaled that the influence of divide wall ( length
310 fecet from the centre of barrage axis) was extended upto 4 bays
of undersluice counted ffom divide wall side and the bed material

did not move beyond the above 4 bays.

The excluder tunnel system was then fixed_up in the model and

the model was then run for the above discharges. The u/s pond  level
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was maintained at the retrogressed level as given in Table 4.2,

‘The sediment deposited in the canal as well as in the downstream

of tunnel system was collected and measured. It was found that

scouring took place at the nose. of divide wall for high discharge.

4,2.5 Calibratioﬁ and Validation

No model, hydraulic or otherwise, is of any value unless it

can safely be used to predict prototype phenomena. Following

" construction it is therefore necessary to check the model to deter-

mlne if known prototype phenomena can be reproduced ( valldatlon)
and to modlfy it aSIKKES&ﬂy (calibration) if dlscrepan01es are
noted. In the case of.sedimentléxcluder tunnel of Teesta barrage, -
it is reported that the model was constructed to a relatively
large scale (l:48}) with no geometric distortion for which scale
effect was minimum and the model reproduced prototype behaviour
accurately. Moreover, discharge and water lévels were controlled
in the model and as a result no modification'of the model was

necessary. ' '

4.2.6 Data Collection and Interpretation of Prototype Data

Discharges through the barrage and that:oflcanal was measured
by sharp crested rectangular weir., Water surface elevation at u/s
and d/s of river and also at canal head regulator was recorded by

three gauges which was installed earlier. Sediment which had been
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deposited in the canal and at fhe d/s of the excluder tunnel were
measured by weighingat the end of every run. Data collected f£rom
the model were converted to prototype data by using the model
scale ratio and by similitude method. Data collectedlfrom the '
model are furﬂished.with respect to prototype data in table-4.1.
Besides, soﬁe physical behaviour of the model was obseryed carefd-
1ly to assess the prototype behaviour and its successful fuﬁction—

ing. They are summerised below briefly.

1. The canal as designed would be able to draw 12500 cfs (prototype)

discharge. .

2. The length and location of divide wall is sufficient to pre-

vent cross-current infront of excluder tunnel system. i

3. For high discharges the nose of the.divide wall has to be
protected. Protection need be confined to 30 feet (prototype)

radius around the nose.

4. Infront of the mouth of the tunnel there would be erosion and

the protection as provided in the design would be sufficient.

5. The flow through the extreme right side bays of canal would be
significaqtly less as the discharge increases. When the dis~<

.charge in the river would be low the flow through canal bays

would be more or less uniform.

6. During high discharges, the barrage and undersluice gates should .

be opened uniformely.
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7. Flow condltlon in the canal head regulator indicated that 12
tunnels in 3 bays of underslu1ce would be necessary for exclu-

sion of bed materials entering the canal head regulator,

8. Movement of bed materials in the canal beyond the toe of canal
head regulator would depend on the hydraulic condition of the
canal. Model study indicated that bed material did not move

significantly far away from the toe of stilling basin of canal

' head regulator,

Finally it was recommeded that the canal head regulator Wlth
tunnels in three bays ‘with approach gulde bank and divide wall

would function satlsfactorily and would satisfy the design con-

sidefation. There would be a little chance of clogging of tunnelé.

Plate 1,2 and 3 shows some nature of model feature during model

study.

4.2.7 Comparison and Discussion

4.2.7.1 Comparison

l. It is reported that the model test was pérformed by velocity
method i.e., sediment exXclusion would be depended on flow con-
dition in the model and no.sediment was fed during experiment.

But modelling of sediment transport is the standard practice,.Theo-
reticail consideration and comparison with experiment showed that
" the. . sediment transport is dependent upon'the dimensionless

. ¥i
parameter 8 (Shield's parameter}and R ( the grain Reynold N umber) .
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6= o . Uf
dy(S-1) (S-1)gd
s - Ueq
B

where, Ty = botom shear Stresg

Y = density of water
d = grain -diameter
S5 = relative density of sediment =.%§

Uf = shear velocity

V = Kinamatic Viscosity

6 and Rmust have the same value in model ang bPrototype ( Mor%ensen

1984). Further the Froude Law shall exist for hydraulic Processg.

. channel condition ang discharge. It is denoted by 'n' ang

when used inp Manning's formula it jig called Mannings rough-

ness coefficient or simply Manning's-'n'..it is- reported that

T ' teristics length. The model scale was adopted as Lr = 1:48,

So n_ = (zg O n_ = 1:1.90 i.e, Ingosity coefficient

of model beg should keep 1190 times as that of the prototype beqd. f
. o L. i

e
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A portion of river, only SOOQ feet in length and 3000 feet width
with respect to prototype had been reproduced in the model.

It seems that actual prctotype approach condition could not be
reprqduced as the length width ratio is very small. Rivet

approach condition play an important role in deciaing the

. location of the mouth of excluder tunnels.

No time scale was maintained for a particular run. It is evi-
dent from Einstein and Ning Chien formula that time scale.
ratio is lnversely}proportlonal to sedlment load ratio i.e,

t £~ ai;. No account for sediment load ratio and corresponding
sliding time scale had been considered. Any increase or decfew_
ase of time scale from the selected value ( by froudian

approach) give the scale of a sliding effect.

To reprdduce actual bed coﬁfiguration tampletes are used as
a standard practice. But in this model study no tampletes

were used during construction of the model.

Tunnel performance was observed visually and comments were
made qualitatively. As for éxample no comments had been made

about the efficiency of the excluder tunnels and no quantative

-measurement about sediment 1oad with respect to prototype that

may bhe dépositad in the canal or how much sediment would pass
through excluder tunnels in a particuiar period of time had
been evaluated No comment about the flushing veloc1ty, head
requlred for easy operation and escape discharge of the proto-'

type tunnels was given.

—— "-\
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7} Test runs were perforﬁed for discharges varying from 20,000
. cfs. to 54,000 cfs in the prototype.-Design flood for Teesta
barrage is 450,000 cfs through main barragé and 1000,000. cfs
through the by pass. No study had been made with this design

flood discharge.

8) Head loss in different tunnels should be same in the prototype.

It was necessary to check it through model experiment. But no

suéh'checking were made during the operation of the model.

9) Discharge through silt excluder tunnel should be,l5 to 20% of
the canal discharge and a minimum of 0.5 to 0.75 m of working
head is regquired for sediment exéluders.‘But no comment about
escape discharge and head required for flushing velocity had

been made during the model study.

10) No comment. had been made about the position of the excluder
tunnels with respect to depth of water. The excluder should

cover 1/3 water depth of heavy sediment concentration.

11) It was recommended from the result of the model test that
the canal head regulator with silt excluder tunnels in three
ans of undersluice would function satisfactoriiy ahd would
satisfy the design criteria. But a recent study showé that
Teesta barrage project-faCing acute sediment disposal
. problem from the Teesta canal., It is estimated that huge
guantity of suspended sediment to an amount of 934 acre ft.
of suspended sédiment will enter into the Teesta caﬁal through
the canal head regulator (Hug 1987). Without calcuiating'the
efficiency of the excluder tunﬁéls éuch recommendation cannot

be made,.
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4.2.7.2 Discussion

The above comparison shows that there is a need for modifica-
tions in the methodology and technique that were adopted in the
model study with.the standard practice. Sediment control in a
barrage is one of the most'difficult as well as very important
aspect of a barrage project. A precize model study of:the sediment
e#clusion devices covering all standard aspects and véry accurate
estimate of sediment load are essential before final design and

construction of the Teesta barrage.

Model experiment had been done on the excluder tunnels of

same size i.e., all tunnels are of 8'-6"x7'-6". But the prototype

tunnels are: one 10'-0"x7"'-6" three 7'-0"x7'~6" and eight
7'-9"x7'-6", For standard practice, the number of tunnels usually
provided are 4 to 6; size of the tunnei 1.8x2.1 m and self cleaning
velocity of flow 3m/sec are generally adopted for alluvial river.
A header tank with constant head and a flow spliter may be included
in the existing rec1rcu1at1ng system to prOV1de accurate flow
control w1th gravity feed.: An ineffective sediment exclusion
system may even jeopardize the entire barrage project. Study of
the sediment exclusion devices of some existing barrage in India
shows that most of the.sediment exclusion devices are not func-
tioning properly very few are however'functioniné very well. Befoeore
“-the design and consﬁructiou of a barrage an experience in this

respect from similar project is also essential.
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4.3 MODEL STUDY FOR PROTECTION OF RIGHT FLOOD EMBANKMENT OF THE
BRAHMAPUTRA-JAMUNA RIVER.

4,3.1 Introductiocn

Jamuna a part of Brahmaputra river, rises on the northern
slope of the Himalayas. It then flows through Asam and finally
enters into ﬁangladeéh. It is joined by Dharla and Teesta in its
path while flowing. through southerly direction. It takes the
name df Jamuna river until’ its conflﬁence with the Ganges river
near Aricha. There are 135 miles of embankment along the right
bank of Teesta and Brahmaputra-Jamuna strarting from.Kaunia énd
ending at Bera. The position of the embankment is very much
precarious at number of pléces. Active erosion is also prevailing
at the enguifed position of ﬁhe embankment.'sémetimes embankment,
has been retired perpendicularly. Cross embankments have been
constructed to check the erosion but to no effect. Presently it-
is felt.that the flow gf the river should be diverted away from
the right bank so that the embankment will remain safe from .

erosion, slip, settlement, breaches etc.

River Research Institute carried out a model study in 1987
to find out method for protecting the Brahmaputra Jamuna right

flood embankment from bank erosion of the Brahmaputra-Jamuna

river,
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4.3.2 Design Procedure of the Model

Plan and cross sections of the river needed for designing

-the model, were supplied by the Executive Engineer, Brahmaputra

Survey Divn.-II, BWDB, Mymensingh. Water level and discharge

data Were cOllected from the Directorate of Surface Water Hydro-

 logy-I, Water Development Board, Dhaka. A distorted movable bed

model was chosen with horizontal scale ©f 1:500 and vertical
scale of 1:100 with a natural distortion of 5.-The dimension and

Physical quantities of the model were based on the Eroudian.simiw

- litude relationship, some of which are listed below:

Horizontal scale ratio Lr ='l;500
Vertical scale ratio : Dr = 1:100
, L
Distortion scale ratio : Sr = BEH = 1:5
r
Velocity scale. ratio 2V, =/Dr = 1:10
Dlscharge‘scale ratlg : Qr = LrDrVr = 1:500,000

Where the subscript 'r' represent the ratio of model to prototype.

Rating curve'was Prepared for'Brahmaputra Jamuna River with

the help of the water level and discharge data observed at Baha-

durabad for the Year 1985. The upstream gauge at Dhutichara 250!

upstream of cross-section J # 15-6 ( Fig, 4.9).was collected on
the basis of average slope of water level 0.0001 between the

stage at Bahadurabad and the corresponding stage at Chilmari..

Lo
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The following discharges were selected with their upstream
and downstream water elevation for model experiment. All dimen~

sions are presented in prototype unless otherwise stated.

St. Discharge in Water surface Water surface Remarks
No. cfs. , elevation- at . elevation at
Bahadurabad in Phu;tfchara
£t from rating in the
curve
1, 500,000 51.75 57.05 Dhutichara
- . ' W.L. was
. 2. 10,900,000 ‘ 57.25 62,55 calculated
-on the basis:
3. 15,00,000 60.90 : 66.20 of average - .
' slope - e
4. 20,00,000 - 63.60 68,90
5. 25,00,000 66.30 71.60
4.3.3 Construction of the Model .

The médel was constructed in an existing flume of 270'x100"

i at the River Research Institute. About 18 miles of the river
Brahmaputra from croés-seétion No. J # 16-5 to cross-sectioﬁ | R
No, J # 14-7-1 was reproduced in the model as shownin fig. 4.9.

The mean diameter of the sand used in the model was .222 mm. The
plaﬁ of the river was reduced to model scale .and river was 1laid

in the flume. The cross section Qere reduced to model scale

and with the help of bamboo pegs and levelling instrument, these
sections were reproduced in the model and thé model waé moulded

with above sand. Two metallic Gauges were fixed on the bed of the
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river; One at 250" upstream of cross-section J # 15-6 and the

‘other at 2000'_upstream of cross-section No. J # 14-7 to measure

the water surface elevation of the river. Four tilting gates

were placed at the end of the model to feproduced the tail water

elevations. A six feet wide rectangular weir was pPlaced at the-

front of the model to measure the discharges., The cross-bars and

closures in the model were constructed of cement concrete.

4.3.4 Calibration and Validation

The model test was first conducted to obtain a correspondance
in behaviour between the model and the actual field condition. In this

case the verifications were made by comparing the prototype stage--r'
dlscharge relation at Bahadurabad and stage at Dhutichara w1th fh“
S
those obtalned in model. The model was run w1th existing cross- o

‘bars for the discharge corresponding to 5,00,000; 10,00,000:

15,00,000; 20,00,000; 25,00,000 cfs. in prototype with correspon-
ding water levels at-Bahadurabad and water levels at Dhutichara were

recorded as shown in Table 4¢.3.

It was observed from Table 4.3 that water levels at prototype
and those observed in the model were more or less same. So it was

considered that model behaved similar to prototype.-

4,3.5 Operation Technigue

Water was used as model liquid and arrangement for required

water was made through pumping water by recirculation method.
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No material was mixed with or introduced to water for meeting

the requlrement of sedlment load in the model. Four test run were
made- 1nclud1ng proving test for calibration and validation. In
tegt No.2 the model was moulded with existing cross-bars and

the head of the cross bsrs were extended into the river from

20% to 30% of the width of the .channel. The model wss run for
discharges corresponding to 10,00,000; 15,00,000; 20,00,000;
25,00,000 cfs. Surface flow lines were observed‘by dropping

ball for each discharge. Velocities were measured for'different
cischarges at each cross-section at a distence cf 500' from the
right bank. In test No.3, the model was moulded with existing
Cross bars. The new cross bars and two closures were constructed,
One cross bar was constructed at 1500' downstream of cross section
No. J # 16 -7 and the other one was construction at cross section
No. J # 1l4-6. Noongola cross bar was demolished and - a new closure
was constructed in place of Nocngola cross bar. The other was
constructed at cross-section J # 14-1. The mode 1 wes run for
discharges corresponding to.l0,0U,OOO; 15,00,000; 20,00,000 and
25,00;000 cfs in prototype. Surface flow lines were observed for
different discharges, Velocities were measured for each discharge
at each cross section at a distance of 500! from the right bank
©of the river. In test run No., 4, the model was moulded as per
model scale. Sripur cross-bar was extenced-SOO' more with an
angle of 15°. The proposed ciosure No.l & 2 were also extended

300" each. One new closure of 8000' length was constructed at a

U
o
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distance of 875; downstream of c.s. No. J # 14—4. Katlamari
cross bhar was demolished. The model was run for discharge
corresponding to 10,00,000; 15,00,000} 20,00,000 & 25,b0,000
cfs in prototype. Flow lines were observed for each discharge
as done earlier. Velocities were'ﬁeasured for each discharge at
each cross section at a distance of 500; from the rightlbank of

the river.

4.3.6 Data Collection and Interpretation to Prototype Data

Diecharges through the model were measured by a calibrated
rectangular weir. Water surface elevations were measured at 250!
u/s of C.8. J # 15-6 and 2000 u/s of C.5. J # 14-7 by two

nmetallic gauges 1nstalled earlier, Velocities for different

dlscharges at each run were measured .Data collected from the

model were converted to prototype data by using the model scale

>

ratio and by similitude method. It revealed frem the result of
test No.l that eroding_velocities exist along the right bank of
tbe river aad floﬁ hit the bank directly. Test No.2 show that
eroding velocities exist along the whole length of the right bank

- and flow passes very close to the right bank.'Test No. 3 show-
that non eroding velocity except at few blaces occured along the
whole 1ength of right bank and flow lines shifted to a considerable
distance away from the right bank. Scour whole occured the toe

of nose of all cross bars and closures, Test No. 4 gave a better

{}"'
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performance and it showed taht flow lines shifted to a more con-

siderable distance away from the right bank than in test No.3.

Finally it was concluded that 7 Nos. of cross bar and 3 nos.

-of closure as shown in Fig. 4.6 may prevent erosion of right bank

of the river and thesemay protect the right flood embankment of

Brahmaputra Jamuna river. The position and 1éngth of the cross-bars

and closures were mentioned below:

CROSS-BAR
51, Name of cross-bar Position
No.
l.. Sripur . Existing
2. Proposed cross-bar - 1500' d/s of cC.s.
No.l J = 16-7 and parallel
‘to c.s. J # 15-1.
3. Kamarjani C.B. Existing

4, Managh C.B. o L

5. Rasulpur C.B. § : "

6. Proposed C.B. No.2 Along the C.S. of
J-# 1l4-6
7. Gazaria C.B. Existing
.
CLOSURE
1. Proposed closure No,l at Noongola
2, Proposed closure No.2 at the bank at an angle -

45° with c.s, J # l4-1

-3. Proposed closure No,3 875' d/s from c.s.

J # 1l4-4 at an angle
65° with embankment

Total length
3250

2250

2750"
500"
1500°

3250"

3000'

3000

6000

8000'
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4.3.7 Comparison and Discussion

Rating curve of Brahmaputra Jamuna:river at Bahadurabad had

been made for only bne year (1985), on the basis of which

stages at differeqt discharges:had been calculated énd used in
the model study. Rating curve based on one year datalmay not

be representativé. At least 20 to 25 years data should be.analy-
éed and an average rating curve'may be made-fof using iﬁ the
eﬁperiment. Watef surface elevation at bhutichéra was calcula-
ted on the basis of average water surface slope of .0001 but

no comment had been made about the basis. of accepting this

slope.

The river Jamuna is an alluvial river and carries a huge amount
of sediment load. But no sediment was fed durinq experiment.‘
Modelling of sediment transport ia the standard practice.

Sédiment transport affects the slope and flow of the river.

Sand of mean diameter of 0.222 mm had been used to mould the
bed of the model but no comment had been made about the size

of the bed materials of the prototype. Roughness affects the

velocity and should be modelled,

Jamuna is-a braided river. For réproduction of channel pattern

scaling procedure (Klaassen, 1987) may be followed.

Comparing water surface elevation in the model and that in the

prototype, it was considered that model behaved_similar to

‘prototype. But for accurate vaiidatipnlof the model all the

phehomena like sediment load, channel pattern, etc should be

-reproduced.
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6. Time scale had not been followed during model study and

experiment had not been made to confirm the river course

after a long period of time.

4.4 MODEL STUDY FOR PROTECTION OF KUSTIA TOWN FROM RIGHT BAWK
EROSION OF GORAI RIVER

4.4,1 Introduction

Kustia town'was threatened by the right bank erosion of - the
river Gorai. River flow directly hit the riéht bank near kustia
town céusing severi erosion, To prétect tﬁe town from erosion,
decission was taken to divert the river flow from right bank to
the middle by constructing Groynes . It was also decided to
conduct a model test at the River Research Institute to f£ind out
-the most effective amd econonical measure for protection of
Kustia town by construeting groyne/spurs and to determine their
lccation, length, angle élignmeng etc. of the proposed strudtﬁre.“
Accordingly River Research Institute-conaugted a model experiment
in the year l9jl and it was recommeded for construction of two
nos. of T-head gorynes for the protection of kustia town (HRL R-34,
1v71) . Out of the two only one T-head groyne (Grque no.2) was
constructed in 1973 by which a big char was developed downstrean
of it but the problems of erosion upstream of the groyne deterior;,
ted day by day. Again, according to the authérity decission,

River Research Institute conducted inodel experiments on the

problem in the year 1979 and it was recommeded for construction

©f 3 Nos. of T-head Groynes instead of two (RRI R-55, 1979),
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Bangladesh Water Development Board taken up the gonstruétion
work of Groyne No. 1 in January 1985 and the Project Director,
Irrigation. and Rehabilitation project, requested River Research
Institute to take up the model study on emergency basis to
sudggest whether the size and locatiop of the proposed groyne no.l
is still effective or is to be modified. It was also reqﬁested
to. study whether the proposed Groyne no, 3 is still required
or not as the thalweg has been changed and a'big char waé deve-
loped at its proposed location. Accordingly a distorted movable
bed model was constructed at the River Research Institute and
experiments were carried out in April;.l985h the detail-‘qf

which is given in the following articles,

4.4.2 Design Procedure of the Model

Survey maps and some cross-section of the problem area of
the river Gorai starting from its offtake point from the river
Padma to the Gorai Raiiway bridge, needgd for designing the model
were supplied by the project Director, Irrigation and Rehabilita-
tion project, BWDB. Relevant water level and discharge data were
collected from the Hydrology Directorate BWDB, Dhaka. The model
was designed based on the Froudian law ©f similitude. The adopted

riodel scales were as follows:

Horizontal scale ratio, Xr = 1:200
Vertical scale ratio, : Yr = 1l:36
X
Slope distortion scaleratkasr = §£—-= 1:5.55
. r
Velocity scale ratio, =/Y_ = 1:6

Ve r
Discharge scale ratio Qr

= (XrYr) Vr = 1:43200



=
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where suffix r indicates the model to prototype ratio.

4.4.3 Construction of the‘Model

The model was constructed at the premises of the River
Research Instltute. All the linear dimension of the prototype were
converted to model dlmen51on accordlng to the chosen scales.

About four miles of the river had been reproduced in the model
from the offtake upto the Gorai Railway bridge. The model had been
moulded with fine sand of dm = .237lmm.rTwo metaﬂic'gauge were
fixed in the river model bed, one at the offtake of the riyer and

one at the Gorai Railway bridge. A 10 cusec pump was installed

to supply water to-the model. A rectangular weir was installed
upstreaws of the model for measuring the discharges. The T-head
groynes and Bell nmonth Spur were made of cement concrete and the
permeable groyne was made of bainboo chlps. The length of T head
of groyne no. 2 was 400 feet and . the shank was 250 feet and the
angle between them was 10¢° (d/s side). The length of the perne-

able spur and beel nouth spur were 800 feet end 400 feet respect-

ively.

4.4.4 Operation Technique

Water was used as model liguid and arrangement for required
water was made through punping water from a near-by pond and by
recirxculation of water by a pump 10 cusec capacity. No material

was niixed with or introduced to water for meeting the requirement
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of sediment load in the model. Four test run weie made during
riodel experiment with prototype discharges of 20,060; 50,000;
100,000; 150,000 and 250000_cusec respectively for each test

run. First test run was made with existing T-head groyne no.2
only. and water level at Gorai Railway bridge and at cross-section
1 were recorded for the above discharges (Fig. 4.19). Second

test run was made with ﬁhe existing groyne No.2 and the proposed
groyne No.l in the right bank at cross-section no.?2 about 2400
feet upétream from the existing gfoyne no.2, 3rd test run was made
with groyne no. 1 & 2 in pPosition and with a permeable spur of .

800 feet long which was placed maklng 45° with the bank (Flg 4.10)
at upstream of groyne no.l and about 400 feet downstream of cross-
sectlon 6(u/s) and 4th test run were made with groyne no.l and
groyne no.2 in position and with a Bell mouth spur of 400 feet
long making right 1100 feet dowﬁstream of cross—secfion 4 (u/s)
(Fig. 4.11) and this removing the permeable spur. Discharges

were measured by a callbrable rectangular weir which was installeg
at upstrean ©f the model and water surface elevatlon at different
section were measured from the installed gauge. The river mode1

was rnoulded béfore every test run.

4.4.5 Calibration and Validation

The model test was conducted first to obtain the hydraulic:

- Similitude between the model and prototype ( calibration test),

£
The first test run with different discharges as per table 4,5.
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were made for calibration purpose. Water level at Gorai Railway
bridge and at cross section No.l were recorded for each discharge
and are furnished on table 4,4 . It wae obseryed from the table
that the water level at prototype and those observed in the

model are.more:or,less same. So it'was considered that the model-

behaved similar to prototype and no calibration was. required,

4.4.6 Data Collection and Interpretation to Prototype Data

Discharges through the model were measured by a callbrated
welr. ‘Water surface elevation at Gorai Railway brldge and at
cross—sectlon-l were measured for different discharges by two
gauges'which were installed earlier. Data collected from the
model were converted to prototype data by using the model scale
ratio and similitude method. No other qwﬂmﬁatlme measurement or
data were collected but some physical behav1our of the model
was observed carefully to assess the prototype behaviour and its

successful functioning. They were summerised below:

l. During test run No.2 with Groyne No.l & 2, the flow lines,
velocity profiles and scour were observed for different dis~-
charges. It revealed from‘the result that the flow may bel
diverted from righf bank to middle of the river. The existing

char upstream of Groyne No.l would be eroded heavily during

highest flood.
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CHAPTER. FIVE

CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION

Based on the study as delineated in the previous chapters,

the following conclusions may be drawn,

1.

A survey of the physical modei studies carried out in Bangladesh at

River Research Institute has been conducted till March 1988.
It is found that about 97 numbers of model studies had been
conducted at River Research Institute since its creations.

Four models are being carried out at pPresent.

Out of these_97 model studies. 67 are mobile bed and 30 are fixed
bed models, considering dlstortlon 47 are distorted modles and

50 are undistorted models. From another basis of classification
it was found that 66 are river modeis, 14 are canal models and
17 are other than river and canal models, such as dtainage regulator

model, deﬁonstratkm - models etc.

Three modelrstudies had'been-critically reviewed to have an
overall idea about the model technlques that are practiced at
the River Research Institute, Dhaka. These 1nclude model study
of silt excluder tunnels of Teesta Barrage Project, model . study
of protection of Kustla town from erosion of Gorai river and -

model study for protection of Right Flood Embankment of Brah-

maputra-Jamuna river.
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Time scale and distortion of time scale'should be considered

in all the mode1 exXperimentg,

Resultsobunnéd from each of the modei studies of the above three
models ag reported by the River Research Institute seems to be

highly Optimistic, But these studies reveal that the Prediction

reflect'the actual condition, Thus the resultsg obtaineg from

these model studiesg are very prone to Scale effects,
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9. It is found that difficulties in. modellings are selection of
appropriate similarity criteria; selection of model scale or
scales; the calibration of model and the application of model

results to prototype conditions including the necessary re-adjust-

ments.

10. It is also found that after a model studies has been ccmple-.
ted, little effort is given to investigate the accuracies of

the modél results using high values of prototype data.

5.2 RECOMMENDATION FOR'FUTURE STUDY -

The scope of this study may further be extended by incorpora-

ting the followings:

l. Investigation of the details of model technigues by constructing

a model ideally 'suited to the pPrototype circumstances.

2. The data of unsuccessful model studieé'may be collected and
critically reviewed to evaluate the causes of failures and

make recommendations for further improvement.

3. Field data of projects completed based on recommendations of
model studies at River Research Institute may be collected.
for comparing the prototype and model results for obtaining

better insight into the analytical considerations. in modelling

technique.
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TABLE 2.1 : TYPE OF ACTIVE FORCE AND CORRESPONDING NON-
DIMENSIONAL GROUP

Type of Measure Ratio Non-dimensional Name associated

active , group ~ with non-dimen-
force . . ' sional group
2.2 2
L
Gravity yL3 E—H%- vy Froude
: YL gL :
2.2
. . pL”v vL
Viscosity , HvL ovD 5 Reynolds
pL2v2‘ V2p .
£ i —— —
Surface tension oL oL 5/L Webe;
2.2 2
. - 2 pL v
Pressure . PL . 575 Euler
j
’ ‘ ‘2 2 2 ’ :
_ ' *
Elastic. force EL2 , L v y__ Cauchy
2 E/p - -
EL
L indicates a representative length
/3

*The square xoot of caﬁchy number is the Mach number..



Characteiistics

Velocity
Time
Discharge

Force

Dimension

LT

1
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Froude

Reynolds

TABLE 2.2: FLOW CHARACTERISTICS AND SIMILITUDE RATIOS

Weber

5. -5
Gr(Lj:pr)

/2
Lr P

L3/20
r

%y~

r

%
: P

-
r

~

r

Mach



Table 3.1 : Classification of Model Studies on the-Basis of the Nature of Boundary of the Hodels

Nature oflboundary Serial number of model experiment as given in art 3.2.
Mobile bed 3,5,6,7,9,12,13,14,18,23,24,25,28,30,32,36,37,38,39,40,41, 42,43, 44,45,46,47,48,49,50,
' 51,52,53,54,55,56,57,58,59,60,61,62,63,64,66,67,68,70,72,73;74,75,76,78,79,80,81,82,

86,87,89,91,92,93,95,96,97.

Fixed bed. 1,2,4,8,10,11,15,16,17,19,20,21,22,26,27,29,31,33,34,35,65,69,71,77,83,84,85,88,90,54.

£0T



Table 3.2 : Classification of Model Studies on the Basis of the Nature of Scales of the Kodel

Nature of scales Serial number of model studies as given in art., 3.2

Distorted scale model 3,9,12,14,18,28,35,36,38,40,42,43,44,45,46,48,49,50,52,53,54,55,57,61,64, 62
' 66,67;68,70,73,74,75,76,78,79,80,81,82,86,89,91,92,93,95,96,97;87'89

Undistorted scale model - 1,2, 4,5,6,7,8,10,11,13,15,16,17,19,20,21,22,23,24,25,26,27,29,30,31,32,33,
34,37,39, 47,51,56,58,59,60,63,65, 71,72,77,83,84,85,88,90,41,94

POT



Table 3.3 : Claséification of Model Studies on the Basis of Purpose of the Study

Purposes

Irrigafion

Flood control
Drainage

Power develcpment

Navigation

Town protection/
Bank erosicn

Constal development

‘Misc

Serial number of model studies as given in art 3.2

7711,12,14,15,16,19,25;26,27,28,29,32,33;36,41,42,43,44,47,51,52,56,58,59,
60,64,65,67,68,69,70,71,72,73,74,75,76,79.

2,4,6,8,10,27,77.
13,27,30,31,37,39,40, 87.

1,5,21,26,28,83,84.

S0t

20,22,28.

3,9,18,34,38,45L46,48,49,50,53,54,55,57,61,62,66,78,80,82,89,91,93}95,96,97.‘

17,20,23,24,31,39.

35,88.



Table 4.1:

Sl.
No.

S

Showing the gauge and sediment déposition for different

discharges without excluder tunnel and with tunnel system

Discharge in cfs

River

30,000

40,000

51,875

20,000
30,000

40,000

54,000

Canal -

12500
12500

12500

12500
12500

12500

12500

. Gange

U/S in
River

170.00
170.00

170.00

"170.00 -

170.00
170.00

170.00

in £t, P.W.D. datum, at

D/S in Canal Head
River of Regulator

Wt. ¢f Sediment

Canal_

Without Excluder Tunnel system

164.90 168.00
165.00 168.00
166.00 168.00

With Excluder tunnel

164.35 168.00
165.00 168.00
165.40 168. 00
166.00 168.00

31 1lbs
25 1bs

o

1b
2 1bs

6 lbs.

D/S of
excluder
tunnel

3 1lbs .
10 1bs

65 1lbs

Remarks

not
easured

901
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Table 4.2: Stage discharge and retrogressed level for different‘discharge

Si.
No.

a

of river Teesta at Dalia

Discharge in
cfs

- 10,000

20,000
30,000
40,000
60,000

100,000

Stage in ft PWD
datum curve 5 mean

167.25
168.20
168.40
'168.70
169.20

169.80

Retrogressed level
in £t PWD datum

l§3.17
164,34
164.90
165.40
166;10

166.79

Remarks.

L0T
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TABLE - 4.3

Stages at Bahadurabad ana Dhutichara for different.discharges of

river Teesta of Dalia.

S1, Prototype Water level at Corfesponding water Remarks
No, discharge in Bahadurabad from level at Dhutichara

cﬁsdat Bahadur- fétlng c?rve Prototype Observed in

avdad. ' nott in ft. model (in ft)
1, 5,00,000 51.75 57.05 ‘ 57.00
2. 10,00,000 57.25 ' 62.55 62.50
3. 15,00,000 60.90 66.20 66.50
4.  .20,00,000 . 63.60 68.90 68.85
5. 25,00,000 66.30 71.60 71.80

TABLE - 4.4

Gauge reading at Gorai Rly~bridge for different discharges of the

- river Gorai.

S1, Prototype Gauge Reading Corresponding Gauge

No. discharge in at Gorai Rly, reading at c.s.No.,1l
cfs at Gorai Bridge from ft . R.L.
Rallway‘Brldge Rating curve, ft, Prototype Observed in

' model

1, 20,000 22.00 : 23.08 23.00

2. 50,00 28.20 : 29.28 29.00

3. 100,000 34.80 35.83 36.00

4. 150,000 40.00 40.28 41.00

5. 250,000 43.50 44.58 45.00
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APPENDIX-B

FIGURES
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Plate~-1

Figure 4.3: Model plan showing nature of flow in the cannel with
sediment excluder tunnel(discharge 40,000 cfs).

Figure 4.4: Model plan showing nature of flow in the cannel with
sediment excluder tunnel(discharge 20,000 cfs)..
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Plate-2

Figure 4.5: Model plan showing the nature of dry~bed afier
model run, Teesta barrage project.

Figure 4.6: Model plan showing nature of scour around the

nose of divide wall of Teasta‘barrage project.



117 Plate-3

Figure 4.7: Model plan showing nature of scour infront of
: undersluice of Teesta barrage project.

Figure 4.8: Model study showing the nature of sediment entry and

deposition in-the cannel head Regulator of Teesta
barrage project. ' _ '
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APPENDIX - C: A short list of river models undértaken at the

10.

11.

12.

13,

‘14.

15.

l6.

17.

18.

19.

20.

21,

22,

Model
Model
Model
Model
Model
Model
Model
Model
Model
Modél
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model

Model

of

of

of

of

of

of

of

of

of

of

of
of
of

of

of

of

of

of

of

of

of

of

River Research Institute, Dhaka.

the
the
the
the
the
the
the
the

the

.the

the
the
the

the

the
the
the
the
the
the

tne

river Teesta at Gadamari, Rangpur.
river Teesta at Tambulpur, Rangpur.
fiver Karnafuli at Kaptai, Chiftagong.
river Shog .at Dinajpur.

river Januna at Sirajgonj .

river Dharla at Kurigraiu.

river Little Feni at Feni.

river Muhuri- at Feni.

river Dakatia at Chandpur.

river Nabaganga at Magura.

river Gumti at Comilla.

river Brahmaputra at Bmxﬂpur; Mymensingh.
river Brahmaputra at Samvogonj, Mymensingh;
river Chunér at Khulna.

river Kobadak-Khulpetua at Khulna.-

river Gorai at Kustia.

river Gorai:at Kumarkhali,

river Khowai at Shaistagoﬁg, Sylhet.
river Kncwei at Ballah, Sylhet.

river Manu at Moulavibazar.

river Ganges at Rajshahi.

river Meghna at Mohonpur.
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APPENDIX ~ D:: DESCRIPTION OF SELECTED MODEL STUDIES UNDERTAKEN
AT RIVER RESEARCH INSTITUTE, DHAKA.

l. Mcdel Investigation of Spillway Design of Dam at Kaptai in
Karnafuli River ( HRL ,1953)

Model étudy of the section of spillway of the dam at Kaptai
in the Karnafuli river, ﬁhich was proposed for the control of flood
in the river and the production of Hydro-electric power, were
conducted on a 1:24 scale model to determine the performance of
spillway apron that would function satisfactorily and would be
able to dessipated spillway diécharges without undermining the
toe of spillway. The experinents were conducted in the Hydraulic
Research Laboratory of Irrigation Directoréte, Dhaka in February

1953.

2. Model Experiment for the Prevention of Erosion at Sirajgonj
by the River Jamuna (HRL - 1953)

The river Jamuna had been éroding the upstream of the right
bank of the loap channel, which was protected by existing brickma-
tress work near Sirajgonj town. A portion of brickmatress had
already been eroded abode the protruding nose of the revetment.

There was likély-dangér of further eroding completely the protec-
tive revetment work if measures were not taken to arrest the erosion.
~In order to determine the effectiveness and location of spur to

stop erosion and to test any other arrangement for'prevention ofl

erosion, the problem was refered to the Hydraulic Research Laboratory
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for model experiment. A moveable bed model was constructed in
.the Laboratory in July 1953 and experiment on the 1ength, posi-
tion and type of spur were made. The scale of the model adopted

was. horizontal 1:200, and vertical 1:50.

. 3. Model Experiment of the Design of Diversion Channel of the Dam
at Kaptai in the Karnafuli River (Rahman, 19 54)

The diversion channel was being constructed to carry‘the
discharge of river Karnafuli during the period of construction .
of dam at Kaptai. The diversion channel was designed to carry

the maximum flood discharge of 200,000 cusecs. Model experiment

was conducted (i) to find out the afflux at the upstream level’
for passing the flood dischgrge through the diversion channel,
{(ii) to determine the effectiveness of the prétective apron for'
prevention of ercosion at‘the @ownstreamlehd 0of the diversion
channel. The model was constructed to 1:9b geometrically similar
. "scale in the Hydraulic Research Laboratory in March 1953 and
experiments were performed. The section and bottom level of the
diversion channel was modified after completing the model experi-
ment of the diversion channel and Chief»Engineer, IIrrigation)
dirécted,to take up the model experiment on the modified bed lével
and side slope. Accordingly a modified model of the diversion |

channel was constructed in March 1954 and experiments were performed.

£
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4. Model Studies on the Design of Buri Teesta Flood Spillway
(HRL ~ 1956)

The Buri Teesta flood spiliway was. designed to pass the

expected flood discharge of 3600 cusecs of Buri Teesta River.

The general purpose of the model study was to investigdte the
hydraulic performance of the spillway apron as originally

designed with a view toward developing such design modification

-

as might be necessary to assure the hydraulic safety of the
structure. The model of the spillway as designed. was constructed
in brick flume to a linear scale ratio of 1:24. in the Hydraulic

Research Laboratory in June 1956 and experiments were performed.

5. Model Experiment for the Prevention of. Er051on at Kurlgram ’
by River Dharla. (HRLﬂBS&

A mobile bed.model-wifh a horizontal scale of 1:300 ana
vertical scale of 1:40 as constructed in the Hydraulic Research
Laboratory in July 1956, and experiments were conducted on the
1ength,lposition and type of spur to'stop the erosion of the right

bank of the river Dharla at Kurigram.

6. Model Studies of Little Feni Regulator in Connection with
Coastal Embankment Project (HRL - 1962) .

A comprehensive programme for the protection of thtle Fenl

catchment area in the dlstrlct of Noakhali from the 1nundation{”
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of saline water had been considered. The project consisted of

- construction of dikes, regulators, sluice, etc. The model study'

was made to check the perfofmance of the stilling basin and the
effectiveﬁess of the fléxible paving downstream. The model_was

constructed to a scale of 1:24 in the Hydraulic Research Labora-
tory ,Dhaka and tests were started in June, 1961 and were completed

by the end of August, 1961.

7. Model Studies for the Checking of Erosion of Right Bank of
Feni River Upstream of Sovapur Bridge (HRL-1%2)

Upstream of Sovapur bridge, the Little Feni river takes a

'sharp turn, then‘runs parallel to the Dhaka-Chittagong trunk

Road for about three fourth of é mile and passes under the bridge
at an angle. The river was fast erodihg its right embankment
endangering the trunk road. To protect tﬁe trunk road and arrest
erosion it waé suggested to put up a series of triangula;,spurs
on the eréding bank as an immediate measure and to carry out
model tests to f£ind a permanent solution of the problem. Model
studies were car?ied on whether the protective measure already

undertaken were adequate and to find more effective and economi-

" cal measures for protection of a more permanent nature;_ih H.R.

Laboratory during June, 1961 to December,196l. Tests were done
in a distorted model with horizontal scale of 1:100, a vertical

scale of 1:20 with a natural slope distortion of 5.
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8. Sectional Model Studies of Magura Barrage (HRL—lyu)

The then East Pakistan WAPDA was con51der1ng a scheme to cons-

“truct a barrage accross the river Nabagonga below the confluence

of Rlvers Nabagonga and Kumar at Magura in the district of Jessore
for the purpose of raising the water table to improve agricul-
tural prodpctlon. The main features -and dimensions- of the barrage
were designed by‘consultants, and proposed to make arrangements -

for model studles to ascertain some design features.,A sectional

‘model of the Barrage.was constructed to a scale of 1:24 and eXreriment

were done during Oct 1961 to July, 1962,

9. Model Experiment of Intake Channel of Ganges—Kobadak Project
(HRL.'1a5g) ‘

The first problem’ was to study the flow condition at the off-

take in order to ~eénsure that the Supply canal communicates with

'the Ganges in all seasons. The other problem related to the up

keep of the supply canal. It was necessary that the supply at
offtake should enter the canail in a uniform way and the bottom
sand should move along the river bed without enterlng the supply
canal A moveable bed model with a horlzontal scale of 1: 1000

and vertical scale of 1: 100 was constructed in the H.R. Laboratory

Dhaka in November, 1958

10. Hydraulic Model Study of Cofferdam for Barrage Teesta Project
" (HRL - 1961). '

The Teesta Project comprises a barrage accross the Teesta

1River and a system of canals for irrigation of portions of the
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Rahgpur, Dinajpur and Bogra districts. It is proeposed to cons-
truct the barrage near Gaddamari in the district of Rangpur,.

To protect the barrange during construction an extensive earth
cofferdam is proposed to encircle the entire barrage. The
consultants, Massers High Zinn and Associates (London). reguested
that a model be constructed to study methods of protection for
the cofferdam durlng construction of .the barrage i.e. general
location of the barrage and cofferdam~ effect of clossing the
east channel and best arrangement of armored spurs to protect
the main cofferdam. The model studies at the Hydraulic Research
Laboratory were conducted during the- beriod January, 1960 to
February,1961 The model was a distorted model with a horizontal
scale of 1:300 and vertical scale 1:60 with hatural slope dis-

tortion of 5.

ll. Model Study on Ganges-Kobadak Requlator R2~84/K(HRL - 1967)

-Ganges-Kobadak project is the first biggest 1rrigatlon pro-
Ject in Bangladesh ‘which started in 1953 with a. comprehensive

Plan to supply irrigation water to the plains of Rustia and

was considerable scour downstream of the-structure. According

to the decission a model experlment on one of such regulators,
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'R2—S4/K of G.K. pProject was performed in the Hydraulic Reseérch

Laboratory, Dhaka in March 1967, The model was constructed to

an undistorted scale of 1:¢.

12, Model Study on Badalpur Intake Structure in Connection with
O01d Brahmaputra Multipurpose Project (HRL~ 1965} ,

of the distfict of Dhaka. The Project envisages diversion of water

from the Brahmaputra river by an intake channel and then past

Scouring sluice and through diversion regulator near Badalpur
into the old Brahmaputra channel to utilise for irrigation, navi-

gation and hydro-power. It was decided that a model be construc-

13. Model Study on Drainage Regulatérl Chandpur Irrigation
Project (HRL - 19¢7) . ' |

Eastern part of Bangladesh which covers ap area of about 137269

. acres in the district of Comilla angd Noakhali. The three fold

fr
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age regulator in Connection with the Project. The model was
constructed in an undistorted scale of 1:24 in the open field
0f the Hydraulic Research.Laboratory, Dhaka and experihents

wWere carried out in June, 1967.

‘A model study of transition section ofJGanges-Kobadak project
main pump outlet stilling basin and the movable bed of main supply
canal was  taken ub in 1968. The construction of main-pump house,
setting of three big pumps and ou;let structure were nearing
completion and some doubts were expressed about fhe a&equate of
the transition section of outlet Stilling basin of Pumps and the

loveable bed of main Supply canal, The model of the G.K. main
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scome portions of Dinajpur,iRéngéur.and Bégra,district..A.dis-
rtortéd moveable bed model was constructéd to a horizontal‘scale
of 1:250 and Qertical scale of 1:48 with natural slope distor-
tion of 5.2 and study on the barrage had been performed at the
H.R. Laboratory to determine the most suitable location and
orientation of the barrage; study of features of barrage design,
location and type of permanent training-works upstream; and.

!

construction arrangements of diversion, cofferdams and temporary

training works in April, 1968.

l6. Model Stﬁdy of Typical R.C. Box Sluice for Coastal Embankment
Project (HRL-1969) '

It was proposed to carry out a model study on an R.C. Box

sluice designed for coastal embankment projects to evaluate

downstream erosion characteristics of the sluice and to determine
whether erosion could be reduced by using different-arrangeméhts of
R ' energy-dissipating devices. An undistorted model of scale 1:i2_
was'constructed and tests in this connection were carried out

i ' in the H.R. Laboratory in Decehber, 1969.

l7. Model Study on Protection of Right Bank Embankment Downstream -
of Kazirhat Regulator in Little Feni River (HRL-1973)

The right bank embankment of little Feni river was eroded
between sluice S§-1 sluice S-8 in polder no.59/IA at two location
> ‘ downstream of Kazirhat regulator. Bangladesh Water Development

Board proposed to build some protective structure, to protect
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" the embankment from erosion., The model study was carried out

to findout the number of protective structures to be requi;ed
and also the best location and size of the étructures at H.R.
Laboratory in October, 1972. The horizontal and ﬁertical‘scale
of the model were 1:150 and 1:25 respectively with a distortion

of 6.

18. Model Study on Erosion Problem in Khowai River (HRL-1Y75) .

A moveable bed model study wés performed on the.erdsiOn
problem in the river Khowai at Ballah in the district of Sylhet
and Khowai town in Tripura state of India. The study was taken
up in the month Bf March, 1974 at H.R. Laboratqry, Dhaka on
request by the Director Indo-Bangladesh Joint River ComﬁissiOn,

Bangladesh. The vertical and horizontal scales of the model were

1:30 and 1:100 respectively.

19. Model Study on Manu River in Connection with Manu Barrage
Project (HRL - 1976).

BWDB had taken up a scheme for construction of a barrage
accross the river Manu near Matharkapon uﬁder Moulvibazar
district, to store and raise the river level to a suitable
elevation, to feed the gravity irrigation canal system dufing
dry period. A distorted moveable bed model of the river Manu

in connection with Manu Barrage project was taken up with
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.'horizontal scale of 1:120 and vertical scale 1:48 with dig-
to:tion of 2;5 in the Hydraulic Research Laboratory, Dhaka in
the month of November, 1975. Experiments and observations were
made for alignment of Barrage, general flow characteristics. and

training of the river upstream of the barrage,

20. Model Study of 014 Brahmaputra River in Connection with the
Protection work of Mymen51ngh Jute Mills at Shamvugonj
(HRL - 1977, HRL—1978)

Mymensingh Jute Mills at Shamvugonj on the left bank of old
Brahmaputra river was threatened by bank erosion of the rlver. ﬂq
- protect the serious scouring, temporary measu;es were taken by the
mill authority. It was decided that before taking permanent pro-
tection measures model test night Be performed to study the .
effectiveness of the Probable measures fof-the protection w0r£

A distorted moveable bed model was constructed with horlzontal

scale 1:200 and vertical scale 1:48 at the H.R. Laboratory, Dhaka

L

in June ,1977 and-experlments-were carried out accordingly.

21. Model Study on Tengapara Welr-cum-Regulator (HRL - 1978),

In April 1977, a model study was carried out on Tengapara
weir-cum-regulator with a linear scale 1:14 both horizontal and
vertical in H.R. Laboratory. The main purpose of study wés to
evaluate the dowﬁstream scour of the bed and erosion characteris-

& tics of the banks and to determine whether scouring and erosion
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could be reduced by different arrangements of enefgy dissipating
devices. Tests were carried out on the model accordingly in

February, 1978.

22, Model Study on Feni Regulator (RRI-1979).

A model study of Feni regulator in connection with Muhuri
Irrigation project in the district of Feni was run on the request
of the consulting Engineer of BWDB M/S iECO and thé.model was .
construcfed in the existing flume with a linear scale of 1:36 at

the laboratory -of RRI in the month of April 1979.

23. Model .Study on Hazihara'Regulator to Protect it from the
Erosion of Meghna River (RRI-1979)

It was proposed that hydraulic model. experiment might be
done to find out the suitable measure to be taken to save the
regulator from the bank erosion of the Meghna River. A distated

moveable bed model study were carried out with a horizontal scale

of 1:400 and vertical scale of 1:60 with a distortion of 6.66.

in the River Research Institute in August, 1979, accordingly.

24. Model Study on Hazimara Regulator (RRI-1978)

Hazimara Regulator had been constructed on the outfall of the

. south Dakatia river under Chandpur Irrigation project. After

opening of the cofferdam from upstream and downstream of the

regulator heavy scour was observed on the downstream of stilling
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‘basin. Model study was carried out to find the cause of scouring

- .and to. suggest a remedy theréof at the RRI, Dhaka in December,

1978. The linear scale of the model was 1:36.

25. Model Study on Erosion Problem of Khowai River (RRI - 1979)

In the year 1975, the Indo-Bangladesh Joint River Commission,

+ requested the H.R. Laboratory BWDB, Dhaka to study the problem in

a model and to éuggest a lasting solution. Accordingly the H.R.

Laboratory submitted its recommendation to the joint River Commi-

*ssion vide H.R. Laboratory Report No. 40,41 and 42 but no perma-

.nent protective work had been éonstructéd. As a result, further

erosion took place on the left bank upstream of Ballah Railway
on Bangladesh side and at Durganagar on the right bank downstream

of Khowai town on Indian side. So, the Indo-Bangladesh Joint

Rivers Commission discussed this problem of erosion again and

suggested that hydraulic model study might be done to find cut
& permanent solution of the'problem..It was further decided that
Indian and Bangladeshi proposals would be tested in that model

and more effective and economical measure might be evolved.

Accordingly River Research Institute, Dhaka set up the hydraulic

model of Khowai River in March, 1979 and experiments were carried
out. The model was constructed to a horizontal scale 1:100 and

vertical scale 1:24 in a 100'x60"' flume.

26. Model Study on Rajshahi Town Protection Scheme,’ RRI~1550)

Rajshahi Town and its adjoining areas were threatened

from severe erosion of the river Ganges., BWDB had taken up the
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scheme for construction of T?head groyne or spur on the left

bank of river Ganges to protect the Rajshahi Town. A distorted

' moﬁeable bed model study was taken up with horizontal scale 1:300

and vertical scale 1:72 at the River Research Institute in the
month of December, 1979 and it conducted the tests on emergency

basis from January, 1980.

27. Model Studies on Siltation Problem in the G.K. Intake Channel
(RRI - 1980)

During the last few years, the main‘flow-éf the river Ganges
remained on the 1left bank'near Hardinge Bridge resulting in heavy
siltation on the mouth of the G.K. Intake channel'at right bank
of the river., This resultea in heavy expenditure for dredging
purpose to keep clear the mouth of the intake channel of the
G.K. Irrigation project pumping plant. It was proposed that
hydraulic model experiment would be conductéd to find out the
suitable measures to be taken so that the main flow of the river
alWays remains along the right bank near Iﬁtake éhannel.‘A dis-
torted moveable bed model was constructed with horizontal scale
Oof 1:400 and vertical scale of 1:72 with distortion of 5:55 in
Riyer Réseérch Institute, Dhaka in November, 1980.

-

28. Model Studies on the First Proposed Site of Barrage for . the
- Ganges Barrage Project (RRI 1981).

The BWDB had under consideration of construction of a

~ barrage accross the Ganges River. ,The main'purpose of the Ganges -
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Barrage was to create a pond from which river waﬁer can be aiverted,
Sy gfavity into a system of canals fof irrigation of lands in the
district of Kustia, Jessore, Khulna, Barisai, Faridpur, Pabna and
Rajshahi. It was decided that the scale.model studf of the Ganges
Barrage would be conducted at the premises of River Research
‘Institute, Dhaka to find'out the best location and orientation

of the barrage out of the three locations. Accordingly a distorted

moveable bed model experiment was carried out from December, 1980.

v .,_.._-.quk‘

The horizontal and vertical scales of the model were 1:300 and

1:50 respectively.

. 29. Model Study on Canal Head Regulator of Teesta Barrage Project
(RRI - 1982). '

The model study was carried out on a sectional model cons-—

tructed at River Research Institute, Dhaka in February 1982 for

testing discharge coefficient, length and elevation of stilling-

‘basin for thecanal, shape, size and location of friction blocks

2

and end sill, scour in downstream, hydraulic performance of the
stilling basin, etc. The model was constructed. to an undistorted

7 geometrically similar scale of 1:24.
/

30. Model Study on the Closure of Dalia Channel of Teesta River
(RRI - 1982). '

) ' m
During construction period of Teesta barrage the Dalia channel
was closed and a road was constructed uptoc the right bank of Doani

channel for transport of construction material. Model studies were
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taken up in .connection with stabilisation of main course through
left Doani channel and to close the right Dalia channel, so that
flow passes along the Doani channel in December, 1982 at River

Research Institute, Dhaka. The horizontal and vertical scales of

the model were 1:25¢0 and 1:48 respectively.

31l. Model Study on Loop~-cutting and Protection of Right Bank

Embankment Downstream of Kazirhat Regulator in thtle Feni
River: (RRI - 1933)

The right bank embankment of Little Feni river was eroded

o at two locations downstream of Kazirhat regulator. As per request
of'Design Directorate, River Research Institute took up a phy51ca1
model to study and Suggest measure on the problem. A movable bed
model was constructed with horizontal scale 1:100 and vertical

scale 1: 20 at River Research Institute and experiments were carried

out in 1983.

32. Model Study on Bifurcation of Bogra -Rangpur Canal Regulators
for Teesta Barrage Project {(RRI~- 1985).

The main object of model study was to determine the critical

blfurcatlon angles of Bogra & Rangpur regulators with respect to
Teesta canal axis as well as to see the hydraulic performance

of respective ganal regulators in relation to effective distri-
butlon of the upstream main canal dlscharges through each of the
regulators as desired. The model study was performed to an undis-"

torted scale of 1:18 at fhe River Research‘Institute, Dhaka in

March, 1985,
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33. Model Study on Sirajgonj Town Protection Works (RRI = 1986).

The main object;of the model study was to £ind out the most
‘effective and economical measure for protection of Sirajgonj Town
by constructing groynes/spurs/cross~barsland to determine their
location, length angle, alignment etc. of the prqposed-st;ucture.
A distorted moveable bed model study with lehgthfratié 1:500
and depth ?atio 1:100 was cqnducted at River Researchflpstitute

during the period from February to July 1986.

34. Model Study of the Barisal Harbour (Interconsultant, 1984)

A physical £fixed bed model of 1:200 horizontal and 1:50
'.Qértical scale was constructed at the premises_of River Research
Institute (RRI), BWDB, for Barisal harbour area to. find out a
pProbable soluﬁion of erosion and siltation in the area of investi-
gation. The study has been carried out jointly by tﬁe Department
of Water Resources Engineering (WRE) BUE&, Dhaka and the River
Research Institute (RRI), BWDB. The model study has been assigned

to the Deptt. of WRE by interconsultant A/S on behalf of the

BIWTA, Dhaka.
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