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Riverbank protection in alluvial rivers of great bilty often faces unpredictable and suddenly clivagng
conditions. Designers need to know possible ratescour development, in order to protect their kvor
against undermining and sudden failure. Becaus@ustypes of scour and combinations thereof can
occur, systematic analysis of measurements is sagebefore design depths and rates of scour fasnul
can be established for particular environments.
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1. INTRODUCTION Preliminary results on rates of erosion and

sedimentation were published by Oberhagemann and

To mitigate land loss from riverbank erosionNoor”.  This article presents a more systematic

Bangladesh is developing riverbank protection thaknalysis and an extension of the data series throug
can be applied cost-effectively along longer rivethe monsoon period, covering the main months of
reaches where the adjacent land is mainly used féfosion. Five locations are analyzed to arrive at
agricu|ture_ New designs can benefit from pasﬂeSign values for this river in terms of maximum
experience with a number of works built since thé&cour depths and rates of scour development
mid-1990s. Some of these works were continuouslv

monitored, providing unique data for a betterf
understanding of the behavior of large alluviabrsy
alongside riverbank protection.

The Brahmaputra / Jamuna River, which flows fromn|
north to south through Bangladesh until it joine th
Ganges Figure 1) is characterized as a braided |~
sand-bed river. It averages nearly 12 km wid¢—
between the outer limits of the braided channep"
pattern.
100,000 m3/s and the bankfull discharge is arounp-.
45,000 n¥s Y. Water levels rise about 7 m from a o7
minimum in early March to a maximum in July, e
August,
scouring occurs. During the construction seaso = L%
from mid-December to mid-April there is normally
less scouring, but in some places erosion stillioc
and deep scour holes are observed.

The 100-year discharge is abou
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or early September, when maximun %,’

Fig.1 Location of riverbank protection along the Lower
Brahmaputra / Jamuna River
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2. RIVER RESPONSE TO BANK river. Figure 6 shows data as for the preceding sites.
PROTECTION
€) Sirajganj
(1) Locations Sirajganj Town Protection represents the
The five sites described are all situated along thdownstream extension of a pre-existing spur. $ ha
lower Brahmaputra / Jamuna River. Two revetmentgrotruded progressively into the river due to heavy
at Bahadurabad and Guthail are situated on the e&psion upstream. It came under major attack just
or left bank, whereas a revetment at Sirajganj anéfter completion during the 1998 flood, and ever
spurs at Kalitola and Mathurapara are situatedhen t Since has been subject to periodic strong riverckit
west or right bank. All these works experienced afnore and more from outflanking flows. After the
least one major attack during the 1997-2007 decad998 scour event, an extensive apron around the
In general, two main types of attack on rivetbanupstream end was placed, consisting of geotextile
protection can create maximum scour: outflanking¢ontainers and bags of different sizes, to keep the

and angular attackE{gure 2)?. deep scour away from the slope. Up to 2007, this
apron had been successfiigure 7 shows data as
(2) Selected Data for the preceding sites.

Some key features of the five sites referred to
below are listed ifTable 1.
Name Completion Special Periodsand | Falling apron type 'lwy:v w[;eﬁp: Des‘ge:\lmow Attack
a) Bahadurabad P s el ey i
The Bahad u rabad revetment ( E . u r e 1 for E:;ﬂmuzk:ad 1997 Test structure ODSS;/’eVaar:(,;SZS EEEE’EE%:{;EZ:SWG 20.98 l;;r)n (Sej glgt:s:‘?z‘ajwnsu f’aval\el
location) extends about 600 m along the left bank ¢ e s
the Brah maputra / Jamuna Rlver, plus tWO en t:‘n‘em 2000 Test structure onA years, 101 coAnscvcerAne]b\ocks (392071 &ﬁ%os} 5m Outflanking

Kaitola 1998 High spur c ncrete blocks (4§19.77 33m (Sej Parallel

curving into the bank. For test purposes, differens- foss on 2009

Mathurapara |1998 T-head type spr 5 years, 88 19.45 13m (Se Parallel
observations 2000)

types of protection were used in each 100 m lengthss—jme— momme o o mmees fwm | o spmn o
The work was attacked in two subsequent years by i
parallel flow. Figure 3 shows details of water and Bl
bed levels over an 8-year period, together witagrat Table1 Investigated erosion protection features
of scour development in two attack episodes, as
observed near the downstream end.
b) Guthail Outflanking Flow Angular Flow

The Guthail revetment is shorter than the
Bahadurabad revetment and is situated around 3 k
downstream Kigure 1). The revetment provided
basic coverage only to an important ferry terminal
with the intention that the implementing agency BankProtecten
should reinforce it, if major attack occurred. hi
reinforcement did not happen, and only limited
emergency works could be undertaken. Howeve
the work survived even though damagédgure 4 Fig.2 Water surface and scour elevations at Bahadurainéagd
shows levels and rates of development, as for the

the observation period

Bahadurabad site.
¢) Kalitola

Reinforcement of the Kalitola spur, which
protrudes approximately 150 minto the river atibo
90 degrees to the bank, was completed in 1997.
Subsequently the spur came under repeated attack
from approach flow more or less parallel to theriv
bank, resulting in deep scouring and repeated
failures, the last during the 2007 floodrigure 5
shows data as for the preceding sites.
d) Mathurapara

The T-head spur at Mathurapara, located only
about 5 km downstream of Kalitola spur, had not
come under major attack as of later 2007, becdngse t
upstream Kalitola spur resisted the main attack®f

supuesd
supled

Bank Protection

oo \weﬁ
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Fig.6 Water surface and scour elevations at
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Fig.4 Water surface and scour elevations at Guthai



[ Historical sequence 10082008 | 1| _ T v indicate the greatest observed change in bed levels

T

! —=—Sirajgan; - Scour Level
| | | | | | | | | | | I | |
o) I
L

in terms of either scour or depositidaigure 10
shows a consolidation of enveloping curves like
those offFigure 9, covering all five sites. Based on
the enveloping curves, changes in bed elevation ove
time periods of 2, 7, 14 30, 60 and 90 days are
summarized im able 2.

Elevation (m PWD)

scour rate = AE / At

AE

Rates of scour development ! 0.4 m/day 01.07.98-30.09.98 ™= Sirajganj - 1st scour attack

! 0.3m/day 04.05.99-03.07.99  ~ Sirajganj - 2nd scour attack
5 — — — — L——— -k -4 - — — —03m/day 01.07.01-15.08.01 - Sirajgan; - 3rd scour attack
| | 0.3 miday 06.06.04-27.08.04  ~Sirajganj - 4th scour attack

Scoured bed elevation

Elevation (m PWD)

Time

Fig.8 Definition sketch for rates of scour

140 [— —
150

Time (Days)
Fig.7 Water surface and scour elevations at Sirajgannguhe
observation period

3. ANALYSIS

Change in bed elevation AE (m)

25

The present analysis focuses on scour depths and

especially on rates of scour development. The B Te w3 m m wm m w4 s s m s w s w s %m0

Time period At (days)

scoured bed elevation at a particular site wa

. l§i .9 Example enveloping curve for all scour and dejpamsidata
measured at the deepest point. Whenever ¥ P ping pars

t Sirajganj indicating maximum change in bed l¢vebf -)

systematic cross-sectional survey was availabie, th within a given time interval
was used to determine the deepest scour at that o S
. = Bahadurabad X-C-G DS r ! al r ! T !
location. If not, the deepest scour observed @t th =|—sunaixcsus - - a-- v - SRR
301—eSirajganj = @=Z0 o - —--—-—---——-4- - - - - - -t 1
upstream end of the work was used. a{ o Kion S o
In order to produce enveloping curves of all theusc 5[~ -+~ 1 T o,
. < 77\7 | | bttt 1 77777 T T T
development data, the change in bed elevatidf) ( '  mm—=—— " !
% deposition |
was calculated for all measured scoured bed & ] T oo |
elevations (§ within one scour periodf) as — §»f o emee . ooy
follows (seeFigure8)®: R B e T s R
300 T A et S, e O Y
AE = B+At—-E S Attt -
Where At=1.2,....100 days O O
Ei = measured bed elevation at the time i  Fig.10 Summary enveloping curves for scour and deposition

For example, if there were subsequent daily—se T smmmma ] cunai | Keitols | Wamurapaa | Sragan
. . 2 day im 2m 3m 4m 4m
measurements during two weeks of scouring, scol| e 5m 6m 5m 5m om
. 7 14 days| 10m 9m 7m 7m 11m)
rates over 1 day, 2 day, 3 day periods, etc. Upto |z| =0 om om om om L
days were calculated. Similar calculations wese al D —= om — 10m Lom
made for rates of re-filling or deposition. Resdtir || D o o aom Sam
each site were then plotted on a graphikgure 9,  |® s Sim Tim Zom - 2o
90 day -12m -15m -34m -32m)

where values below zero show scouring and valu

e A le 2 Summary of maximum scour and deposition over
above zero show deposition. The enveloping curves

various time periods (from Figure 10)
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35 m of vertical scour at protruding structures &48d
m at parallel revetments can occur in the course of
one flood season. Contingency toe protection or
The observation period for calculating scour andalling aprons need to have sufficient volume to
deposition extend up to 100 days at all sites. &onsurvive during the flood season if no emergency
key results from the preceding data and analyses aneasures are planned or possible. Spurs and
as follows: protruding structures face greater risks, not only
because of the deeper scouring but also becaisse it
1) Revetments and spurs exposed to sharpigore difficult to place emergency protection in the
angled or outflanking flow can produce an increas8ighly turbulent three-dimensional flow around the
in maximum scour depth that is double thestructure. In addition, the launching on a
equivalent amount of works subjected to more @& leghree-dimensional cone shaped geometry might lead
parallel flow. to less satisfactory coverage than along a
two-dimensional plan parallel to the bank.
(2) Maximum short-term scour rates (over less than
two weeks) are similar for the three spur-type
structures at Kalitola, Mathurapara, and Sirajgan;.
Of those three, the Mathurapara site shows less
severe long-term rates because it did not expegienc
severe long-term attack within the observation
period.

4. SUMMARY OF EXPERIENCE

(4) Deceleration Phase
— (9 Interruption Phase
(6) Equilibrium Phase

Scour depth

(2) Equilibrium Phase
(2) Initial Phase

(3 Acceleration Phase

(3) As noted above, the two parallel revetments
behave differently from the spurs in the long term.
However, outflanking attack at the Guthail revetinen
led to high scour rates during the first week, lyeas
high as for spurs.

scour development starts again

Fig.11 Pattern of scour development with time

(4)  The highest long-term deposition rates weraCKNOWLEDGMENT:  The authors express

observed at the Bahadurabad revetment, as a odsultheir thanks to the ADB supported JMREMP project,

major morphological changes to the river in thisear implemented through the Bangladesh Water
Development Board under the Ministry of Water
Resources, for the opportunity to conduct research

5. CONCLUDING REMARKS on the performance of existing bank protection work

Various authors have assumed a general patternand to present this paper.

live bed scour development whereby under more or

less steady flow conditions, scour develops fast in

the initial phase and then decelerates untii &EFERENCES

temporary equilibrium is reached. However, the
above descriptions of scour development at
particular sites indicate a somewhat differentqratt
on the Bramaputra / Jamuna River, as shown in
Figure 11. In the pre-scour Equilibrium Phase,
scouring and sediment inflow are nearly in balance?)
Significant scour begins in the Initial Phase
following increased large-scale turbulence and
higher sediment outflows associated with rising
water levels and velocities. The rate of scouP)
development then goes through Acceleration,
Constant and Deceleration Phases until eithera fin
Equilibrium Phase is reached, or the process is
interrupted by geotechnical failures, maintenancé)
work or deployment of falling aprons.

It appears that design of bank protection workten
Bramaputra / Jamuna River should assume that up to
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