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Abstract—Gate setting in a hydraulic structure, like dams, dictates 
upstream water surface profile as well as downstream sedimentation 
in a dam-river system. Quite often, both flow and stage of water 
surface upstream of a hydraulic structure are to be satisfied while 
operating the gates of the structure. Determination of optimal gate 
opening, therefore, becomes necessary in order to achieve the 
desired upstream water surface. Gate openings, on the other hand, 
dictates flow in the downstream of the hydraulic structure vis-à-vis 
the sedimentation in the downstream section. In this study, optimal 
gate setting in a dam is determined with a view to achieving a desired 
water surface upstream of the dam. An illustrative simple problem 
having one dam has been considered in the study. It is assumed that 
upstream desired water surface details are known and the gates are 
to be opened optimally in order to achieve the objective. The effect of 
optimal gate setting on the downstream sedimentation has also been 
studied and reported. The simulations are performed under quasi-
unsteady one dimensional flow conditions using the HEC-RAS (US 
Army Corps of Engineers) software package. Results obtained are 
promising and appear to have the potential to solve real world 
problems. 
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1. INTRODUCTION 

Sedimentation in alluvial river can be a major problem 
associated with storage, regulation and conveyance of water in 
a dam-river system. In an alluvial river, deposition of sediment 
is known as aggradation and erosion of bed which causes 
lowering of channel bed is known as degradation. 
Sedimentation mainly due to discharge from the release dam. 
Since, raising and lowering of channel bed is directly 
connected with discharge, an optimal gate setting is necessary 
for controlling sedimentation. Optimal gate setting, on the 
other hand, regulates upstream water surface profile as well as 
storage in the reservoir. 

A generic Dam-River system is shown in Fig. 1. where Q(t) 
and R(t) indicate discharge in the upstream of the dam and 
release of water from the dam respectively. 

 

 

 

Fig. 1 

There are considerable body of literature available for 
optimizing upstream discharge to control sedimentation in 
downstream river reach. Carriaga C. C. [1] and Carriaga C. 
Carlos and L. W. Mays [2] developed nonlinear programming 
models to determine optimal reservoir releases for controlling 
sedimentation in the downstream river reach. There are other 
literatures also [3,4,7] dealing with optimal release of water 
from the dam for regulating sedimentation in dam-river 
system. In this study the optimal gate setting and its effects on 
the downstream sedimentation in the dam-river system is 
reported. In this paper, the widely used HEC-RAS package 
[5,6] developed by U. S. Army Corps of engineers is used as 
the simulator, which has inbuilt tool for optimizing gate 
setting. The preference towards using HEC-RAS is due to the 
fact that it requires much lesser computational effort than the 
conventional differential dynamic programming.  



60

2. 

Th
bel

2.1

HE
dam
Un
com
ord
Wi
pro
up
sys
equ

Wh

C=

Wh
wh
sw

Af
the
req

2.2

 A
sed
con
ste
sev
sec
ser
hy
con

2.3

 Th
Ex
def

 (1

8

METHODO

he methodolog
low: 

1 Optimizing g

EC-RAS has th
m, weir and 
nder steady-flo
mpute a gate s
der to obtain de
ith an user sp
ogram iterates 
stream water s
stem consists 
uation for a fre

Q=CWB

here, H= Upstr

= Coefficient o

hen the down
hich the gate i

witches to the fo

Q=CWB

fter obtaining d
e optimal reser
quired for analy

2 Quasi-Unste

fter the determ
diment transpo
ntinuous hydro

eady flow pro
veral boundary
ction (flow seri
ries, rating cu
draulic structu
ndition is requ

3 Sediment An

he widely used
xner Equation) 
fined as under:

-λp)Bδη/δt=-δQ

where : 

η = chan

λp = acti

t = time 

Qs =tran

Print ISSN: 

OLOGY 

gy used in thi

gate opening 

he ability to m
gated structur

ow analysis “O
setting at the h
esired water su

pecified flow a
with differen

surface is obtai
of a sluice 

ee flowing sluic

B(2gH)1/2  

ream energy he

f discharge (0.

nstream tail w
is no longer fl
ollowing equat

B(2g3H)1/2  

desired upstrea
voir discharge 
yzing sedimen

eady flow anal

mination of riv
ort is possibl
ograph is appro
ofile. Under q
y conditions 
ies) and downs
rve, or norma
ure, time serie
ired. 

nalysis 

d Exner sedim
is used in thi

: 

Qs/δx  

B = channel w

nnel elevation 

ive layer poros

nsported sedim

Journal of C
2349-8404; O

s study is bri

model hydraul
re under stead
Optimize Gate 
ydraulic struct

urface upstream
and stage for 

nt gate setting 
ned. In the pro
gate with a b
ce gate is as fo

ead above the s

5 - 0.7) 

water increases
owing freely t

tion: 

am water surfac
quasi-unstead
tation. 

lysis 

ver hydraulics
le. In quasi-u
oximate with a
quasi-unsteady 
available for 
stream cross-se
al depth). If g
es of gate op

ment continuity 
s study. The E

width 

sity 

ent load 

Civil Engineer
Online ISSN: 23

iefly summariz

lic structures l
dy flow analy

Opening” opt
ture (say, dam)
m of the structu
each profile, 
until the desi

oposed model, 
broad crest. T

ollows: 

 (

spillway crest.

s to the point
then the progr

 (

ce with respect
dy flow analysi

s, computation
unsteady flow
a series of discr

flow, there 
upstream cro

ection (stage ti
gate added to 
penings bound

equation (brie
Exner Equation

 (

 

ing and Enviro
349-879X; Vol

zed 

like 
sis. 
tion 
) in 
ure. 
the 
red 
the 

The 

1)  

t at 
ram 

2) 

t to 
s is 

n of 
, a 
rete 
are 

oss-
ime 
the 

dary 

efly 
n is 

3) 

The ini
for sim
function
estimate
the flo
mandato
availabl
and Me
sorting 
fall vel
process
each cro
(Rating
constitu
the sed
consisti
bed cha
taken pl
of aggra
the disc

3. MO

A hypo
conside
optimal
water s
downstr
the gat
scenario
dam’s g
absent i

Shehn

onmental Techn
lume 2, Numbe

x = distance

itial conditions
mulation by HE

n, sorting meth
e the quantity 
ow can trans
ory. Four sed
le in HEC-RA
eyer-Peter Mu
methods (Exn
ocity method 
. In HEC-RA
oss-section and
 curve, Sedim

utes a vital par
diment analys
ing of flow (cf
ange is negativ
lace and simila
adation in the d
charge. 

ODEL FORM

othetical single
ered in this stu
l gate opening 
surface profile
ream reach du
e. Two scena
o 1 is the ana
gate while in 
in the system. I

Fig

naz Ara Rahma

nology 
er 7; April-Jun

s and transpor
EC-RAS are p
hod and fall ve

of bed materi
sport, sedimen
diment transpo

AS (viz. Yang, 
uller).Exner5 c
ner5 and active
which has be

AS analysis, d
d allotting sedi

ment load seri
rt of the metho
sis process, t
fs) and change

ve then degrada
arly a positive 
downstream ri

MULATION 

e dam-river sy
udy. The obje
dam so as to o
e and estimat
ue to the corre
arios are cons
alysis done du
scenario 2 the
In scenario 1,  

g. 2: Dam-River

an and Dibakar 

ne, 2015 

rt parameters e
provided throu
elocity method
ial of particula
nt transport 
ort potential fu
England Hans
hosen from tw
e layer). Ruby
en chosen to 
efining bed g
iment boundar
ies and Equili
odology. After
there is an o
e in bed heigh
ation is consid
bed change is 
ver reach corre

ystem, shown 
ective is to de
obtain the desir
ting sedimenta
esponding relea
idered in this

ue to releases 
e dam is cons

 
r system 

r Chakrabarty 
 

etc. required 
ugh transport 
d. In order to 
ar grain size 
potential is 

functions are 
sen, Toffaleti 
wo available 
y is the only 
simulate the 

gradation for 
ry conditions 
ibrium load) 
r the running 
output table 
ht (ft). If the 
dered to have 

an indicator 
esponding to 

in Fig. 1,is 
etermine the 
red upstream 
ation in the 
ases through 

s study. The 
through the 

idered to be 



Op
 

sho
wit
Sc
in 
the
con

4. 

Fo
hou
bel

In 
me
thi

Ve
Fi
M
Co
Ve
Fi
M
Co
Ve

ptimal Gate Set

own in Fig. 2,
th trapezoidal 
enario 2, as sh
it, also consid

e same numbe
nsidered for an

DATA COL

r quasi-unstead
urs. The inflow
low in Table 1

T

Table 2, bed 
ean of each gr
is study is give

Class 
ery Fine Sand 
ne Sand 

Medium Sand 
oarse Sand 
ery Coarse Sand
ne Gravel 

Medium Gravel 
oarse Gravel 
ery Coarse Grav

tting and its Ef

Print ISSN: 

, the total reac
channel with 

hown in Fig. 3 
ders the reach 
er of different
nalysis.  

Fig. 3: Riv

LLECTION 

dy flow analys
w hydrograph c
. 

Table 1

Time (hours) 
12 
12 
12 
12 

material deta
rain class vers
n: 

Table 2: Bed

Dia.(
0.1
0.
0

d 2
4
8

1
vel 3

ffect on Downs

Journal of C
2349-8404; O

ch length is as
fifteen differen
without any hy
length as 280 
t trapezoidal 

ver System 

sis, total simula
considered for

: Inflow 

Flow (cfs) 
800 

1200 
1800 
2000 

ils, i.e. gradat
sus percent fin

d Gradation 

(mm) 
125 
25 
.5 
1 
2 
4 
8 

16 
32 

stream Sedime

Civil Engineer
Online ISSN: 23

ssumed as 280
nt cross sectio
ydraulic struct
ft. In scenario
cross sections

 

ation period is
r analysis is giv

tion in geomet
ner, considered

Percent Finer
4.5 
6.7 
14.5 
30.5 
54 

76.5 
90.5 
98.5 
100 

ntation in a Da

 

ing and Enviro
349-879X; Vol

0 ft 
ons. 
ture 
o 2, 
s is 

 12 
ven 

tric 
d in 

5. RE

In HEC
flow co
profile 
opening
correspo
conditio
the gat
efficien
the des
optimal
the gate
order to

Durat

 

The res
scenario
Under e
due to T

Scenari

Flow(
800

120
180
200

Tabl

Flow(
800

120
180
200

Scenari

Flow(
800

120
180
200

Cumula
 

am-River Syste

onmental Techn
lume 2, Numbe

ESULT AND D

C-RAS, Optima
onditions for o

for a given 
g serves as the
onding stage 
on in the quas
te height is c
nt equaling 0.6.
ired upstream 
l gate setting i
e is opened up
o ascertain the d

Table 3:
tion (hours) 

12 
12 
12 
12 
12 

sults under b
o 2) are given 
each scenario, 
Toffaleti and M

io 1: With Da

Table 4: Toffa

(cfs) 
Riv

Aggrad
0 0.

00 1
00 2
00 3

Cumulative

le 5: Meyer-Pete

(cfs) 
Riv

Aggrad
0 0.

00 1
00 2
00 3

Cumulative

io-2: Without 

Table 6: Toffa

(cfs) 
Riv

Aggrada
0 0.

00 1
00 1
00 2
ative 

em

nology 
er 7; April-Jun

DISCUSSION

al gate analysis
obtaining desire

inflow hydro
e upstream bo

height as th
si-unsteady flo
considered as 
. With respect 
water surface

is given in Tab
 to the corresp
desired upstrea

 Time Series of
Stage Height (

30 
30 
30 
30 
30 

oth the scena
under Tables 4
the results usin

Meyer-Peter Mu

m  

aleti Sediment T

ver Sediment H
dation(ft) De
416 
.33 
.29 
3.3 

 
er Muller Sedim

ver Sediment H
dation(ft) De
416 
.34 
.29 
.29 

Dam  

aleti Sediment T

ver Sediment H
ation(ft) Deg
482 
.09 
.75 
.51 

ne, 2015 

N 

s is performed u
ed upstream w
graph. This o
oundary condit
he downstream
ow analysis. In

25ft with di
to the optimal 

e height would
ble 3. For eve
ponding height
am water surfa

f gate opening 
ft) Gate Op

7
1
1
1
2

arios (scenario
4, 5, 6, and 7 r
ng two transpo
uller) are tabul

Transport Func

Hydraulics 
egradation(ft) 

0 
0.0161 
0.0504 
0.0952 

 

ment Transport

Hydraulics 
egradation(ft) 

0 
0.0284 
0.143 
0.186 

 

Transport Func

Hydraulics 
gradation(ft) 

0 
0 
0 

0.0317 
 

609 

under steady 
water surface 
optimal gate 
tion and the 
m boundary 
n this study, 
ischarge co-
gate setting, 

d result. The 
ry 12 hours, 
t as tabled in 
ace heights. 

pening (ft) 
7.87 
10.5 
5.75 
8.08 
0.64 

o 1 as well 
respectively. 

ort functions, 
lated. 

tion 

 
Total(ft) 

0.418 
1.3461 
2.3040 
3.3952 
5.1593 

t Function 

 
Total(ft) 

0.146 
1.3684 
2.433 
3.476 

7.4234 

tion 

 
Total(ft) 

0.482 
1.09 
1.75 

2.5417 
5.864 



61

F

 

Re
wit
sed
han
sce
wit
un
sed

6. 

 Re
obt
me

0

Table 7: Meye

 
Flow(cfs) Agg

800 
1200 
1800 
2000 

Cumul

F

esults show tha
th dam (under
diment compa
nd,Meyer-Pete
enario has 21%
thout dam sc
certainties inv
diment transpo

Fi

CONCLUSI

esults show t
taining optima
ethodology des

Print ISSN: 

r-Peter Muller 

River Sedime
gradation(ft) 

0.482 
1.04 
1.88 
2.72 

lative 

Fig. 4: Sedimen

at under Toffal
r scenario 1) 

ared to that un
er Muller se
% more cumu
cenario. This 
volved in the 
ort relationships

g. 5: Sedimenta

ION 

that the pres
al gate setting 
scribed can pro

Journal of C
2349-8404; O

Sediment Tran

ent Hydraulics 
Degradation(

0 
0 
0 

0.0665 
 

ntation with dam

leti sediment t
has 12% less 
nder scenario 
ediment trans
ulative total se

is because 
process and 

s. 

ation without da

ent study ma
in a dam-rive

ovide importan

Civil Engineer
Online ISSN: 23

sport Function

 
Total(ft(ft) 

0.482
1.04
1.5 

2.7865
5.81

m 

transport funct
cumulative to
2. On the ot

sport with d
edimentation th

of the inher
use of empiri

am 

ay be useful 
er system and 
nt a priori ideas

 

ing and Enviro
349-879X; Vol

ft) 

5 

 

tion 
otal 
ther 
dam 
han 
rent 
ical 

 

in 
the 
s to 

modeler
backdro
applicat
relating

REFER

[1] Car
rese
allu
Tem

[2] Car
dete
sed
para

[3] Col
rela
Geo

[4] Eng
tran
Den

[5] Gar
Sys

[6] Gar
Use

[7] "Se
Eng
Yor
pro
105
 

Shehn

onmental Techn
lume 2, Numbe

rs before imple
op, the study 
tions in solving

g to optimal gat

RENCES 

rriaga, C. C. (
ervoir releases t
uvial rivers,"Ph
mpe, Ariz. 
rriaga, C. C., 
ermining optim

dimentation und
ameters." Proc..
lby, B. R. (196
ationships in sa
ological Survey,
gelund, F., and H
nsport in alluv
nmark. 
ry W. 
stemHydraulics R
ry W. Brumm
er's Manual,Vers
edimentation En
gineering Practi
rk, N.Y. Song, 
files and minim

5(8),981-998. 

naz Ara Rahma

nology 
er 7; April-Jun

ementing their
appears to h

g real world pr
te setting and s

1993). "A mod
to minimize agg

hD dissertation,

and Mays, L
al reservoir rele
der uncertainti
 Water Forum 1

64). "Discharge 
and-bed stream
Washington, D.

Hansen, E. (1967
vial streams. Te

Brummer."HE
Reference Manu

mer,CEIWR-HEC
sion4.1 

ngineering." (197
ice No. 54, V. 
C. C. S., and Y
mum streampow

an and Dibakar 

ne, 2015 

r plans. Lookin
have the poten
roblems, partic
sediment regula

del for determi
gradation and d
 Arizona State

L. W. (1992). 
eases to control
ies of sedime
1992, ASCE, New

of sands and m
ms." Prof Paper

C. 
7). A monograph
ecnisk Vorlag, 

EC-RAS,River 
ual " 
C."HEC-RAS,Ri

77). Manual an
A. Vanoni, ed.,

Yang, C. T. (197
wer." J. Hydr. 

r Chakrabarty 
 

ng under this 
ntial to find 
cularly those 
ation. 

ining optimal 
degradation in 
e University, 

"Model for 
l downstream 
ent transport 
w York, N.Y. 
mean velocity 
r 462-A, u.s. 

h on sediment 
Copenhagen, 

Analysis 

iver Analysis 

nd Reports on 
, ASCE, New 
79). "Velocity 
Div., ASCE, 


