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1 GENERAL

In the present Project an extensive study component is included that uses satellite imagery

to improve the understanding of morphological processes in braided rivers with fine sand as

bed and bank material. This study serves two purposes:

(1) to provide the best possible predictions of where the test works to be built under FAP
21 have to be sited;

2) to improve the prediction methods for where bank erosion is to be expected, as the
basis for decisions as to where protective measures may be needed.

Some background for this study is provided hereafter.

Within the framework of FAP 21 bank protection works will be built along the Jamuna
River. These protection works should also be "tested" by the river, hence they have to be
built at sites where over the coming years the river will atack its banks. So for the selection
of the sites of the test works it is required to predict the location of serious bank erosion over
the coming years.

In fully meandering rivers the location of bank erosion can fairly well be predicted at this
moment, and using a sequence of maps or satellite images also the celerity of bank erosion
can be deduced. Recently this has resulted in the development of numerical models for the
prediction of changes in planform of meandering rivers (e.g. Johannessen and Parker, 1985
or Crosato, 1991). In addition methods have been developed to predict the occurrence of
cutoffs in meandering rivers (Klaassen & van Zanten, 1989). Although the reliability of the
predictions with these tools is still fairly limited, they represent a major step forward as far
as the planning of bank protection works along meandering rivers is concerned. The
development of these tools has been possible because of the improved understanding of
processes active in meandering rivers.

For braiding rivers the insight into the controlling processes has not yet reached such a level
that predictive models can be developed. What is lacking to start with is a full understanding
of the processes that are active in such a braided river with fine sand as bed and bank
material. Processes that have been identified are e.g. bank erosion along curved reaches,
cutoffs that seem to be controlled by the cutoff ratio and the geometry of the bifurcation and
a number of other items (see Klaassen & Masselink (1992) and Annex 4 of the second
Interim Report of the Brahmaputra River Training Studies).

Hence, bits and pieces of the complete understanding are gradually being assembled like
relations for bank erosion as a function of the channel characteristics and the factors
governing natural cutoffs under the Jamuna Bridge project (Klaassen & Masselink, 1992),
the notion of stable and moving chars and the life time of very aggressive curved channel
reaches under the Brahmaputra River Training Studies.

FAP 21/22, INTERIM REPORT



A2 -2

Improved understanding of the controlling processes in this type of braided rivers is also very
much needed for the FAP 22 component of the Project. It is felt that Active Flood Plain
Management can only be feasible if the strategy is to strengthen favourable developments and
AFPM measures are selected that are working in conjunction with the riverine forces and not
against them. Hence they should be used at times and at places where enforcement of natural
tendencies leads to a favourable development. To identify the preferable locations and the
appropriate times a good insight in the morphological processes is needed.

The above is the rationale for carrying out a fairly extensive analysis of a sequence of
satellite images, aiming at improving the insight into channel processes and their importance

for bank erosion processes. Broadly speaking the present study can be divided in two parts,
notably:

(1) one part dealing with the identification of the best sites for constructing the test
works, and
(i)  another part dealing with processes in Jamuna type of rivers, under which a.o. the
following topics are being studied:
= the celerity of bank erosion in relation to channel characteristics (as a
continuation of the work carried out within the framework of the Jamuna
Bridge Project and Brahmaputra River Training Studies).
- the occurrence of cutoffs, in relation to the cutoff ratio and the geometry of
the bifurcation.

The approach followed is discussed in this annex and some results are presented. The study
of the processes active in a braided river with fine sand as bed and bank material is not yet
completed, so some conclusions are only preliminary, in particular as to the interpretation
of the results obtained. In a later stage more definitive conclusions will be drawn, probably
to be published as a separate Technical Report.

In the following first the available data on which the further analysis is based are described
briefly. Next some preliminary results of the analysis of morphological processes in the
Jamuna River are presented. Finally an analysis is made of the recent river morphological
processes near the pre-selected sites for the test works. The emphasis is on the probability
that in the near future the test works would be "tested" and the predictability of the future
conditions. Furthermore recent developments in the river are reviewed to verify whether
other test areas can be identified that are also promising in this respect.

FAP 21/22, INTERIM REPORT
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2 AVAILABLE DATA \¥

\

For the present study mainly satellite images are being used. In addition, however, also
cross-sections measured by BWDB were processed. Furthermore some sounding charts as
prepared by BIWTA are being used. In the following sections these data are described.

2.1 SATELLITE IMAGES
2.1.1 Selection

The study discussed here, based on the comparison of satellite images of the Jamuna River
for successive years for the period 1973-1992, is essentially the same as the approach used
in the Jamuna Bridge Project and later in the Brahmaputra River Training Studies.

For the analysis mostly LANDSAT images were selected. Partly these images are (older)
MSS images (with resolution of 80 x 80m) and partly the more recent TM images (with a
resolution of 30 x 30m). The origin of the data is diverse: part had already been acquired
under the Jamuna Bridge Project, some processed tapes were provided by FINNMAP, other
processed data were obtained from FAP 19 and finally a number of tapes with the digital
material was bought from either EOSAT in the USA or the National Remote Sensing Center
in Thailand. In addition a number of Japanese MOS images were acquired.

An overview of the images used and their origin is provided in Table 2.1-1. In total 35
images became available (including the ones already processed under the Jamuna Bridge
Project) and if required CCT’s (Computer Compatible Tapes) were purchased. The images
relate to both the lower reach of the Jamuna River (148(138)/43, downstream of
Bahadurabad) and the more upstream reach (148(138)/42). See Fig. 2.1-1 for the coverage
of the different images.

In line with the Jamuna Bridge Project here, apart from the "normal" criteria for the
selection of an image (quality, cloud cover), an additional criterion was used. By preference
images were selected in which on the date of the image being acquired, the stage at Sirajgan;j
was around 6.50m + PWD (PWD stands for Public Works Datum, corresponding to an
agreed standard level in Bangladesh). This was done to truly isolate the changes in channel
location due to bank erosion and not to mix it up with changes in channel width for different
stages. It should be stated here that the objective in this respect could not be reached fully
because of the limited availability of the imagery. Table 2.1-2 provides an overview of the
water levels at the stations Bahadurabad, Sirajganj and Baruria Transit (confluence with
Ganges River). The average water level at Sirajganj is almost 7.00m, and varies between
6.16 and 7.68m. Overviewing the images available it can be stated that out of a period of 20
low-water seasons (1972/73 through 1991/92) 15 images became available, notably:

FAP 21/22, INTERIM REPORT
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1972/73

1975/76 through 1979/80 (5 consecutive low-water seasons)
1982/83 through 1986/87 (5 consecutive low-water seasons)
1988-89 through 1991/92 (4 consecutive low-water seasons)

hence including three periods with fairly long records of 4 to 5 years. For two intervals no
images were available (1973/74 through 1974/75 and 1980/81 through 1981/82), while the
1987/88 was finally not purchased to allow for the processing of the latest years.

FAP 21/22, INTERIM REPORT
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Winter Date Sensor Scene Status and remarks

72/73 730221 MSS USA 138-42 Completed
730221 MSS USA 138-43 Completed

73/74 | —-—-- MSS USA 138-42 **% Not available
———--- MSS USA 138-43 **% Not available

74175 | ——-- MSS USA 138-42 *¥* Not available
- MSS USA 138-43 *** Not available

75/76 760110 MSS USA 138-42 Completed
760110 MSS USA 138-43 Completed

76/77 770209 MSS USA 138-42 Completed
770209 MSS USA 138-43 Completed

77/78 780222 MSS USA 138-42 Completed
780222 MSS USA 138-43 Completed

78179 790226 MSS USA 138-42 Completed
781225 MSS USA 138-43 Completed

79/80 800116 MSS USA 138-42 Ordered and received
800116 MSS USA 138-43 Ordered and received

80/81 o MSS Tha 138-42 #%k% Not available
------ MSS Tha 13843 *#* Not available

81/82 | ---—--- MSS Tha 138-42 **x% Not available
—— MSS Tha 138-43 #%% Not available

82/83 830205 MSS Tha 138-42 Ordered 23-04-92
830205 MSS Tha 13843 Ordered 23-04-92

83/84 840223 MSS Tha 138-42 Completed
840223 MSS Tha 138-43 Completed

84/85 850225 MSS Tha 138-42 Ordered 23-04-92
850225 MSS Tha 138-43 Ordered 23-04-92

85/86 860220 MSS Tha 138-42 Completed
860220 MSS Tha 138-43 Completed

86/87 870207 MSS Tha 138-42 Completed
870207 MSS Tha 138-43 Completed

87/88 880210 TM Tha 148-42 *** Cancelled
880210 TM Tha 148-43 *** Cancelled

88/89 890303 MOS Jap 51.84W Completed
890303 MOS Jap 51.85W Completed
890111 MOS Jap 51.85E Completed
890111 MOS Jap 51.86E Completed

89/90 900206 MOS Jap 51.84W Ordered 10-06-92
900206 MOS Jap 51.85W Ordered 10-06-92
900130 TM Tha 148-43 Completed

90/91 —eme- MOS Jap 51.84W *** Not available
910424 MOS Jap 51.85W Completed
910321 T™M Tha 148-43 Completed

91/92 920308 T Tha 148-42 Completed
920308 TM Tha 148-43 Completed

Table 2.1-1 Overview of images used in the present study
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Water Level (m+PWD)

Low flow Date Bahadura- bad Sirajganj Baruria
Season (91.9L)
72/73 21-2-73 13.09 6.64 251
75176 10-1-76 13.54 7.14 2.63
76/77 09-2-77 13.09 6.62 1.99
77178 22-2-78 13.07 6.46 1.96

25-12-78 13.99 7.24 2.64
. 26-2-79 1311 6.20 1.86
79/80 16-1-80 13.78 6.96 2.14
82/83 05-2-83 13.23 7.00 1.80
83/84 23-2-84 1312 6.16 1.88
84/85 25-2-85 13.49 6.72 1.78
85/86 20-2-86 13.38 7.04 2.12
86/87 07-2-87 13.30 6.94 2.24
87/88 10-2-88 13.44 7.10 2.25
11-1-89 14.01 7.84 2.68
88/89 03-3-89 13.94 7.69 2.31
30-1-90 13.69 7.66 2.23
B0 06-2-90 13.75 7.65 2.04
21-3-91 13.69
90/91 24-4.91
91/92 8-3-92 13.76
Average 13.45 6.92 2.15

Table 2.1-2 Water Levels at the dates acquiring the satellite images
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2.1.2 Processing

The processing of the CCT’s with digital information was done by the National Aerospace
Laboratory in The Netherlands by means of the RESEDA processing system. The tapes were
read and data were subsequently geometrically corrected and resampled. In doing so the
original pixel size of either 80 or 30m was corrected to about 50m. The geometrical
correction was done on the basis of some ten points which could be identified on the image
of the year 1977 and from which the coordinates could be obtained from topographical maps.
The accuracy of this correction was evaluated and the inaccuracy is not greater that the since
of the pixels after resampling. All the other images were corrected using the 1977 image as
a "base map".

The next step in the analysis is the classification. Conform the Jamuna Bridge project, for
the present study four classes were distinguished, i.e. water, bare land, sand and vegetation.
The classification was done as the basis of band 5 and band 7. Fig. 2 provides the
classification diagram applied for the image for the year 1977. This classification diagram
is different from the diagrams for other years, but the shape of the diagram is similar. The
following colour code is used:

- blue : water

- grey - bare land
- orange : sand

- green : vegetation

In earlier studies (e.g. Roque, 1983) the class "bare land" was not identified separately and
it may be argued that this class can be mixed up with e.g. wet sand. It was found, however,

that deleting this class resulted in substantial loss of information on geomorphological
features.

Changes over the years in water and land distributions are obtained by comparing the
classification for different years. In total 16 possibilities are present, based on the four
identified classes. Compared to the Jamuna Bridge study a slightly different code was used
to indicate changes. The applied code is indicated in Table 2.1-3

How this table should be read is shown with an example: if in a previous image an certain

pixel was identified as vegetated land and in the next image as water then on the figure

showing the differences, this pixel is shown with a red colour. Water that has remained

surface water is indicated as dark blue. Furthermore, the following remarks should be made:

s "No changes" are in Table 2.1-3 "on the diagonal".

- Some changes (e.g. sand in water and bare soil in water) have been indicated with the
same colour. The reason for doing this was to obtain a picture that could be
interpreted relatively easily.

FAP 21/22, INTERIM REPORT
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It is important to have insight into the accuracy of the full procedure used here to obtain
changes in land and water distribution. Within the framework of the Jamuna Bridge Study
these inaccuracies were analyzed and it was found that differences are anyhow significant
when they are larger than about 200m. This figure was obtained after analyzing all errors
involved. A value of 200m corresponds to 0.8mm on scale 1:250,000.

Next image
Water Sand Bare soil Vegetated soil
Previous Water Blue Light Very light Pale green
image yellow grey
Sand Pink Yellow Light grey Light green
Bare soil Salmon | Brownish Grey Green
rose yellow
Vegetated Red Brown Dark grey Dark green
soil

Table 2.1-3 Applied colouring code for multi-temporal images

2.1.3 Results

Primary results of the present remote sensing study are geometrically corrected, classified
images of the Jamuna River for particular years. In total 30 of these images have been
produced or are still in the process of being produced, 15 for the South and the North image
respectively. For the status of the processing as per 1 July 1992 reference is made to Table
2.1-1. From these images "difference-images" can be prepared conform the method described
in the preceding section. It is foreseen that in total 22 of these multi-temporal images will
be prepared. About half of them have been produced as per 1 July 1992. In addition some
special products were prepared, notably (1) an image where all channels were plotted over
the period 1973-1987, giving all channels different colours and (2) an image where the
probability of occurrence of a major channel in the period 1973-1987 is indicated.

In a further step the primary results, as laid down in the products described above, are being

analyzed, conform what is indicated in Section 1. Results of this analysis are discussed in the
following chapters.

FAP 21/22, INTERIM REPORT
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2.2 BWDB CROSS-SECTIONS
2.2.1 Introduction

Apart from planform data, also cross-sectional characteristics of the Jamuna River were
studied. This was done on the basis of soundings which have been carried out by the
Bangladesh Water Development Board (BWDB) since 1966/67. The analysis carried out was
mainly aiming at the identification of any consistent changes in channel location, and as such
is an extension of the work by Masselink (1989) and Technical Report No. 2, on the state.

The present analysis expands on the work by Ullah (1987), who compared soundings of
1965/66 with more recent ones from 1983/84, and the work carried out under the Jamuna
Bridge Project, where the complete series of soundings were analyzed. By including all
available soundings over the whole period, a better insight is obtained into the fluctuations
over the years in relation to any trends in bed levels and channel locations. In this analysis
also the most recent years until 1990 are included.

2.2.2 Available Data

Cross-sectional soundings of the Jamuna River have been made since 1965/66. Initially these
measurements were done every year, but they were interrupted in 1970 due to the
independence War. In 1975/76 the soundings were taken up again, although not every year
the Jamuna River was included in the countrywide morphological measurements. In the
period between 1965/66 and 1989/90 for most of the cross-sections in total some 12
soundings are available for analysis.

The soundings were carried out during the low flow season. Both the submerged areas and
the dry islands (locally called "chars") in between the braids were sounded. The bed levels
are related to the PWD (Public Works Datum). The horizontal distance was measured from
monuments. Sometimes the monuments got lost either by bank erosion or by other causes.
Consequently for a number of cross-sections it is not possible to make a quantitative
comparison of channel location in the horizontal direction.

Initially the distance between the cross-sections was 4 miles, but gradually more cross-
sections have been introduced over the years. Fig. 2.2-1 provides an overview of the sounded
cross-sections. In the present study twelve cross-sections were selected for detailed analysis.
An example of some measured cross-sections is given in Fig. 2.2-2.

2.2.3 Processing

For the study of any cyclicity in the behaviour of the river system, a computer program was
used that was developed for the study of cross-sections of the Jamuna River within the

FAP 21/22, INTERIM REPORT
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framework of the Jamuna Bridge Project. This program uses the sounded data as input, and

subsequently the following processing is being done per cross-section:

- for three discharge levels stages are plotted in the sounded cross-sections, and
channels and sand bars (chars) are differentiated;
(i) 44,000 m?*/s (bankfull stage); (ii) 12,000 m’/s (intermediate) (iii) 4,000 m’/s
(average low flow)

- the total wet area for each of the three discharge levels is computed;

- going from the left (Eastern) bank to the right (Western) bank monument the
cumulative conveyance is computed as a function of the distance to the left bank
monument; in a second step this relationship is made

FAP 21/22, INTERIM REPORT
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dimensionless by dividing it by the total conveyance for that particular cross-section
and stage (for an example of the result see Fig. 2.2-2;

- the width and the average levels of the individual channels in each cross-section is
determined, together with the average char level, the average channel level averaged
over all channels, and finally the average bed level of the whole sounded cross-
section, including both the parts above the water and the submerged parts.

2.2.4 Analysis

The analysis of the cross-sectional data is based on fitting formula (1) to the location of the
50% conveyance points in a cross section in different years :

Y = ¥ +eusinfe (T-T)+ 6. (T-T) @2.2.1)
in which
Y distance of the 50 % conveyance point (m)
Y., the average distance of the 50% conveyance points

with respect to a selected reference year (m)
C, amplitude (m)
Cy 2 «/T (year-1)
T period (year)
T, reference year (year)
T, start sinus function (year)
T, year of the prediction of the 50% conveyances point (year)

After selection of ¢,, ¢, and ¢, the value of c, has been determined by a minimalisation
procedure. The minimalisation parameter for the iterative parameters fitting A is defined as:

N

A- Z AN A (2.2.2)
The average migration, Y,,,, with respect to the migration in the selected reference year was
first estimated as the average of the given data points. For a good curve fitting it was
necessary to multiply Y,,, with coefficient c,, if the given data points did not cover one
complete cycle with a minimum and a maximum value of the 50% conveyance point. And
consequently also the value of the average migration had to be adjusted. This coefficient
varied between 0.6 and 2.4, but in all cross sections minus the cross sections with these
extreme values between a narrow range of 1.0 to 1.4.

Next the amplitude Ampl was estimated as the difference between the maximum migration
minus the minimum migration in the points, which are given in the graphs for different
years. For an optimal curve fitting it was necessary to multiply Ampl with a coefficient c.
This coefficient varied between 0.75 and 1.1.
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First this curve fitting procedure has been applied to each cross section separately. From
these data an average period was estimated at 22.8 years. Next this procedure has been
repeated with a constant period for all cross sections, see example in Fig. 2.2-3.

Migration of 50% Conv. Point
C/S No. J12

107z 5 : T T

Deviation from 1978 Line (m)
(Thousands)

1965 1870 1975 1880 1985 1880 1895
Year

A5

Fig. 2.2-3 Example of cyclic behaviour

The amplitude of the cyclic behaviour is not constant in different cross sections : the
minimum amplitude is about 1000 m and the maximum almost 6000 m. In cross sections J6
and in J11 the amplitude is so small that the cyclic behaviour becomes obscured by the
scatter in the data points.

If an average period of 22.8 years is assumed, than next the phase of the sine function in the
subsequent cross sections is evaluated. By adding and substracting of a whole cycle in some
cross sections an increasing or decreasing sequence of phase values in subsequent cross
sections is obtained. This means that the available data is not sufficient to determine if this
assumed cyclic behaviour propagates in upstream or downstream direction, see Fig. 2.2-4.
The determined downstream propagating cyclic behaviour has the following tentative
characteristics: a period about 22.8 years, a wave length of about 80 km and a downstream
propagation velocity of 3.5 km per year.
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Fig. 2.2-4 Phase as a function of the chainage

The general conclusion is that not sufficient data of cross sections of the Jamuna river is
available for this very special analysis of the assumed cyclic behaviour of the 50 %
conveyance point. For this analysis the distance between the cross sections should be smaller
then the distance of the available cross sections. Therefore it can not be proved with this
analysis that this cyclic hebaviour really exists. If the results of this analysis are combined
with the results of the analysis of the satellite images, then the conclusion is that for the time
being a cyclic behaviour of the conveyance points in the cross sections cannot be proven.
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66/67
77178 78/79
J2-1 n.a.
27/12 8/12
J4 12/3
24/1 28/12
J5 30/1
17/4 /1
J5-1 n.a.
11/4 13/1
J6 14/2
18/1 4/2
J6-1 n.a.
28-3 24/1
J8 14/2
10/3 18/2
J11 n.a.
31/1 6/4
J12 25/12
13/1 16/4
J13-1 12/12
1/5 n.a.
J16 24/10
27/11 27/5

67/68
80/81

19/2
10/1
n.a.
16/3
16/2
11/3
17/1
24/2
24/12
12/2
8/12
15/1
1/2
16/11
16/12
8/3
n.a.
2/4
26/2
1/2
12/11
15/2
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68/69
81/82

5/5
13/1
23/2
27/1
27/1
5/2
13/1
9/2
10/1
12/1
24/11
5/12
13/5
11/1
11/4
7/2
16/3
7/12
4/2
n.a.
22/11
26/1

69/70
84/85

29/11
n.a.
7/1
2/1
23/1
7/1
30/1
n.a.
3/3
13/5
18/1
4/6
26/1
3/5
10/2
13/3
15/2
24/1
16/5
10/11
3/7

Table 2.2-1 Jamuna River BWDB cross-sections analyzed
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76/77
85/86

4/4
1/4
9/6
19/4
10/11
1/5
21/11
7/5
26/11
3/4
10/12
23/11/86
6/1
19/5
25/2
22/4
n.a.
4/5
9/4
1/1
20/10
25/7
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2.3 BIWTA SOUNDINGS

In addition to the BWDB soundings of the BIWTA were used. These soundings provide a
more complete coverage of the deeper channels of the Jamuna River, but their frequency is
much lower. See Fig. 2.3-1 where an overview is given of the available BIWTA soundings.
The surveys are carried out to produce navigational charts. The surveys are made with echo-
sounding equipment and a Decca main chain positioning system. Survey charts are usually
plotted on scale 1:25,000 or 1:50,000 and lanes are plotted at 250m distances. Only three
full coverage of the Jamuna River are available and two more partial ones. Especially the

soundings in the years 1978 and 1985 are very useful for the satellite study of the river
processes.

2.4 OTHER DATA

Within the frame work of the present study also a number of other data were used either
explicitly or implicitly. These data can be found in the various reports that have been
published over the last years. Data on bed material, sediment transport and resistance to flow
were be found in the various reports of the Jamuna Bridge Project, Phase 1 and Phase 2.
Data on bank material and also on sediment transport were found in the various reports
published as part of the Brahmaputra River Training Studies.
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Fig. 2.3-1 BIWTA soundings available for the present study
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3 PLANFORM CHANGES

3.1 GENERAL

In this Chapter some results are presented of an analysis of the available data on the planform
and on planform changes of the Jamuna River, in particular of the satellite images. The
results presented here are only preliminary, because the analysis is not yet finalized. For the
time being the emphasis is on bank erosion rates and bifurcations. Other phenomena like the
rapid narrowing or widening that can be observed in the Jamuna River have to be studied
later. To develop a descriptive model of these changes in planform, ultimately all processes
that are active in the Jamuna River should be identified, investigated and understood. The
results presented here are followed by some remarks relating to the development of a
predictive model of the processes in a braided sand-bed river like the Jamuna River.

3.2 ANALYSIS OF BANK EROSION RATES

3.2.1 Methodology

The aim of the analysis of bank erosion rates is to develop a relation between bank erosion
and relevant channel characteristics, that can be used for predictional purposes. The analysis
is actually a continuation of the work carried out within the framework of the Jamuna Bridge
Project and later research carried out at Delft Hydraulics (see Masselink, 1989 and Klaassen
& Masselink, 1992). These studies have yielded a relation between the relative erosion rate
E/W and the relative radius of curvature:

E_gR 3.2-1
W G20
Where E = yearly erosion (m), W = channel width (m), and R = radius of curvature (m).
The relation proposed by Klaassen & Masselink (1992) is inclosed here as Fig. 3.2-1. It can
be observed that in this figure the scatter is substantial.

1.50
~ 1.00 . i v
1 e :
z b o]
(U9 -N
0.50 oA . o
LN - .
s S
r'd
0.00 L ’
0 5 10 15 20 25 30 35

R/W (-)
Fig. 3.2-1 Relative bank erosion rate versus relative radius of curvature (Klaassen &

Masselink, 1992).
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In the present study it will be attempted to reduce the scatter by including more parameter
that may be of importance, notably the depth of the channel and the upstream curvature of
the channel. The rationale for including the water depth is that it is felt that there may be a
difference in behaviour of recent channels and channels that have been present for quite some
time. Recent channels seem to be characterized by small width/depth ratio’s, because they
are still in the process of adapting to the local conditions. Inclusion of the effects of the
upstream radii of curvature is a way to take into account the retarded adaptation of the flow
in bends.

3.2.2 Selection of Data

Considering the above, two conditions had to be fulfilled to include change-detection images

in the present analysis:

(1) change-detection images of two consecutive years should be available (see below), to
enable the determination of the bank erosion rate;

2) soundings should be available of the same reach, to allow for the determination of the
depth of the channel.

During the time of the analysis only two change-detection images were available that fulfilled
both conditions, notably 1977/78S and 1986/87S. Note that these images were also used by
Masselink (1989). Regarding the availability of sounding data still the following can be
stated: These sounding data were taken from the cross-sections. Quite often the location of
these cross-sections did not correspond with the exact bend location. When a considerable
difference existed between the width in the cross-section and the width at the bend locations
(as measured from the satellite image) a correction was made.

The width was corrected in such a way that the real flow area was kept constant. In some
cases however this procedure could not be applied because of the different planform.

From these years bends were selected, using the following criteria:

- Only migrating bends, no shifting bends.

- No bifurcations or confluences in the vicinity of the bend, these were supposed to
have an important influence on the planform changes and were studied lateron in
more detail.

- No widening or narrowing on both sides of the channel. The fact that the same
process (erosion or sedimentation) acted on both sides of the channel was assumed
to be caused by a large change in discharge. The bends were therefore no longer
considered comparable.

- Minimum width should be 0.5mm on the satellite image prints, 125m in reality. This
is the smallest distance one can measure with reasonable accuracy.

- Depth data should be available.

Only sixteen bends met all the above mentioned requirements.

FAP 21/22, INTERIM REPORT



D A2 - %2

3.2.3 Analysis

From the selected 16 bends the width and radius of curvature were obtained from both
consecutive single-year classified images, and the depth was obtained from the soundings.
The erosion was derived from the change-detection image. These data were plotted in several
graphs to investigate possible relationships. Results are presented in the Fig.s 3.2-2 through
3.2-4. These figures are discussed hereafter.

In Fig. 3.2-2 the relative erosion E/W is plotted versus the radius of curvature R, where the

labels added to the data points refer to the width/ water depth (W/h) ratio of the channel

considered. At first sight this figure looks very promising. Two trends are visible:

- a larger radius of curvature gives a lower relative erosion rate;

- width-depth ratio increases with higher radius of curvature and also with lower
relative erosion.

The first trend observed is mainly caused by the width/radius relation, see below.

The other trend is dubious and might be considered spurious. The W/h trend in horizontal
direction is again caused by the width/radius relation mentioned above. The separation in
vertical direction is caused by the using of width in both ratios. A large width value will
cause low relative erosion (E/W) and a large width/depth ratio (W/h). So the observed trend
has a spurious relation. That only width causes the trend in the W/h labelling can be seen
from Fig. 3.2-3. This is the same figure as Fig. 3.2-2, but labelled for depth instead for
width/depth ratio. No trend can be observed in this graph.

In previous investigations e.g. Nanson & Hickin (1986) and Masselink (1989) the relation
between relative erosion and relative curvature proved to be very important. For the selected

data set of 16 bends a figure was prepared along the same lines. The results is presented here

as Fig. 3.2-4.
77-78S/ B86-87S
Relafive erosion versus curvature

o Wi/hezl00 x 100/200 v 200/300 * Wi/h>300

b ¥

0 2000 4000 6000 8(300 r0600 12000
Radius of curvature (m)
Fig. 3.2-2 Relative erosion versus curvature,labelled
for width/depth ratio.
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Relative erosion versus curvature
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Fig. 3.2-3 Relative erosion versus curvature, labelled for depth
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Fig. 3.2-4 Relative erosion versus relative curvature
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Most striking is the decrease in relative erosion with an increase in relative curvature as
reported in those studies. In the present analysis a similar relation was not found. The
opposite trend seems even visible, increase in relative erosion with an increase in relative
curvature.

Probable explanations for the discrepancy between the trend observed by Masselink (1989)

and in this study are discussed below:

- The small number of locations used in this investigation. The only two points that
visualize the opposite trend are taken from the same, relatively small and deep
channels, so the significance can be doubted. Adding new data to the investigation
could perhaps clarify this point.

- The trend observed here is the trend one might expect to find when using width in
both ratios. Again the relation might be considered as spurious.

- Masselink used a two year average R/W. No average was taken when in one year
R/W was greater than 5 and in the other it was smaller than 5. In that case the latter
was selected. In this analysis the first year R/W was chosen, because that was the
initial situation from which the erosion started. This seems to be a more logic choice:
If one wants to make predictions, one is also forced to start from this situation.

- Subjective criteria in obtaining the parameters could also play a part.

3.2.4 Conclusions and Recommendations for Further Study

It seems that for the time being it is not possible to improve on the predictor developed by
Masselink (1989), see also Klaassen & Masselink (1989), by including width/depth ratio of
the channel. This conclusion has to be varified once more data are available from other
years.

An aspect which was not studied until now was whether improvements into the way the
radius of curvature (which is usually varying through the band) is included in the analysis
can be improved. This will be done in the near future.

3.3 ANALYSIS OF BIFURCATIONS

3.3.1 Introduction

The main objective of this analysis is to gain insight in the apparently erratic process of
channel abandonment. It was assumed that the bifurcation is an important factor in this
process, because the water and sediment distribution determines whether a channel will scour
or will die gradually (see Klaassen & van Zanten, 1989). Because the geometry of the
bifurcation is very important for this distribution, this abandonment was studied giving due
attention to the geometry of the bifurcation, as well as to some other channel properties, in
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particular the cutoff ratio (for a definition see Klaassen & van Zenten, 1989). Abandonment
in this analysis is the abandoning of one channel in favour of the other, as a result of which
the bifurcation disappears. A shift of one (or two) of the bifurcation channels to a new course
was not considered as an abandonment, because the bifurcation itself remained.

3.3.2 Selection of Bifurcations and Further Approach

Bifurcations were only studied when they met the following conditions:

- They should result in two channels. Bifurcations that result in three (or more)
channels are fairly complex and are not included in this analysis.

- The inter-channels char should be of considerable size, more than 5 km? and
preferably classified on the satellite images as bare soil with (some) vegetation.

Once a bifurcation was included in the analysis based on the above criteria, the main stream
direction was determined by drawing the channel centre lines in the upstream channel. Then
the tangent was constructed at the bifurcation point, and after this the angles of the two
bifurcated channels with this line were obtained. Channels deviating to the right hand side
of the main stream are defined to have a positive angle, hence the left hand sided deviating
channels having a negative angle.

Besides the angles («l, a2) the following parameters were determined from the satellite
image prints:

Ll L2; Length of the individual channels, from bifurcation to confluence, measured
along the river.

v I Distance from bifurcation to confluence, measured along a straight line.

W1, W2, Average width of individual channels, used to give an idea about the size of
the different channels.

The numbers indicate whether the left (1) or right (2) channel is concerned (looking in
downstream direction).

The analysis to be discussed hereafter has the following limitations:

- The determination of both the exact bifurcation location and the main-stream direction
is subject to a certain personal vision, the derived parameters and thus no real
objective parameters.

- The Jamuna is a very dynamic river, a lot of processes are acting at the same time.
Channels can for example also be abandoned by bypassing, this being caused by a
change in channel configuration (e.g. a channel shift) upstream, leaving the
bifurcation without water. This process is not accounted for in the present study.
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- The width is the only measure for the size of a channel. Better measures (e.g. the

conveyance) would also need depth data. These data however are not sufficiently
available.

3.3.3 Analysis

In total 14 bifurcations, dating from the period 1976-1991, were studied. Only two of these
bifurcations were located on the northern image. This can be explained from the fact that the
northern part of the Jamuna River is more dynamic. This results in more complex
bifurcations that do not meet the requirements for selection. Some of the bifurcations existed
for 13 years whilst others disappeared within 2 years.

After entering the data in a spreadsheet, several graphs were made to facilitate the analysis.
Some of these graphs are presented here as the Fig.s 3.3-1 and 3.3-2. Fig. 3.3-1 shows the
sinuosity of a bifurcated channel, plotted against its angle. The sinuosity is defined here as
the channel length (L) divided by the distance (D). In case the bifurcated channel was
abandoned the following year, a special notation was used.

Fig. 3.3-2 shows the ratio of relative length of a bifurcated channel against its angle. Relative
length is defined here as length of the channel divided by the length of the other channel. So
L1/L2 is plotted against a1 and L2/L1 is plotted against a2. Again the abandoned channels
were given a certain label.

3.2.4 Conclusion and Recommendations for Further Study

From an inspection of these two figures the following tentative conclusion can be drawn:

- The angle (@) indicating channel deviation from the main stream direction, seems to
be a more important factor in channel abandonment that sinuosity or relative length.

- Abandonment seems only to take place when the angle (@) is larger than
approximately 40°,
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Fig. 3.3-1 Abandonment as a function of the sinuosity
and the angle of the downstream channel
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BIFURCATION ANALYSIS
June 23 1992
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Fig. 3.3-2 Abandonment as a function of the angle of the
downstream channel and the relative length.

In addition the following remarks are made:

(D

2

©))

The relative length corresponds to the cutoff ratio as used previously by Klaassen &
van Zanten in their analysis of the cutoff phenomena. It seems that in Jamuna type
of rivers the cutoff ratio plays only a minor role.

The angle of the downstream channel of a bifurcation is an important factor for the
distribution of the sediment distribution at the bifurcation. Hence this analysis seems
to indicate that the sediment distribution has a larger effect than the cutoff ratio.
Changes in channel configuration greatly affect bifurcations. This troubled the
analysis a great deal. Upstream changes may lead to a change in main stream
direction or even abandonment. Downstream changes may disturb the parameters L
& D. Both changes trouble the analysis and limit the validity of the above mentioned
conclusions.

This exploring investigation will be extended in the near future with:

New bifurcations, when more satellite data of subsequent years will become available.
More attention to the behaviour in time, to see how long it takes for a certain channel
to be abandoned.

3.4 OTHER ANALYSIS

In the above two phenomena were studied in some detail. To be able to do this a selection
was made, setting aside too difficult conditions. In a further stage it will be required to
investigate also these more difficult cases. The same holds for precesses that have not been
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studied until now. One example of this is the narrowing and widening of channels. In the
Jamuna River it is regularly observed that single channels gain importance, but the
understanding into this phenomenon is virtually absent. Hence more studies are needed to be
able in due time to predict with a fair accuracy the behaviour of a braided river with sand
as bed material over the coming years.

3.5 TOWARDS A PREDICTIVE MODEL

The processes in the Jamuna River are so complex that they sometimes seem almost random.
Therefore, it is important to reflect upon the predictability of these processes. The predictions
are based on observations and on the availability of constituent elements for a predictive
model. Both put limits to the predictability, as will be discussed below. Based on this
discussion the prospects of the development of a predictive model are indicated.

The observations do not provide complete information, and measurements are usually only

estimates of the true state. In particular, the following problems can be mentioned:

- The resolution (pixel size) of the satellite images is on the order of 50m.

- There are no data on the morphological changes during a flood. Only the net end
result can be seen on the satellite images taken in the dry season.

- Cross-sections are not available for every channel.

- Even when a cross-section is available for a certain channel, it is not necessarily
representative because of the strong non-uniformity of the channels.

- Inundated banks cannot be distinguished from eroded banks on the satellite images.
Hence, higher stages produce spurious bank erosion on the images.

These sources of inaccuracy deteriorate the input of (the concepts of) the predictive model,
and hence decrease the quality of the predictions.

The derivation of mathematical predictive model based on the underlying mechanisms
involves many problems, due to the accumulation of residual effects in the integration over
time and space, the possibility of chaotic behaviour, the interaction at larger scales with other
dynamic systems, and the necessity of including exceptional events that can be disregarded
in predictions for shorter time spans.

The formal integration to larger scales results in a mathematical model consisting of a set of
coupled partial differential equations. It reduces an infinite number of degrees of freedom to
a number for which solving the equations is feasible. The procedure is not a direct
integration from a small to a large scale, but a series of integration steps to ever higher levels
in a cascade of scales. Due to the non-linearity of the system, each step produces closure
terms for which additional relationships must be induced from observations. Examples of
such relationships are eddy viscosity models in the integration over turbulent fluctuations, and
velocity profiles in the integration over depth or width. The choice of additional relationships
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also determines whether the result of the integration is a bar-approach model or a channel-
approach model. This stepwise integration procedure implies that information on processes
on smaller scales is lost, and that descriptions on larger scales are added as premises for
further deduction. The errors of the additional relationships are residual effects. They may
cancel out on larger scales, but they may also accumulate and eventually become dominant,
so that the model derived by formal integration cannot predict the actual phenomena. The
main aim of the observations of phenomena on larger scales is therefore a careful
determination of the additional relationships for closure.

The resulting mathematical model with only a few degrees of freedom can also have the
property that small deviations accumulate and eventually lead to totally different predictions.
Since the recognition of this chaotic behaviour of deterministic systems, the term ‘chaos’ has
got a more restricted meaning in physics. It no longer refers to randomness in general, but
to a special type of unpredictability, related to a sensitive dependence on initial conditions.
Chaos in river morphology is still a hardly explored subject. There are indications of chaotic
behaviour in models for the development of bed topography and meander bend migration
(Mosselman, 1992), but whether these models really exhibit such behaviour is still to be
investigated.

As the final mathematical predictive model has not been formulated yet, it is not possible to
quantify the predictability formally. From experience the Consultant estimates that the limit
for bank erosion predictions is about 2 or 3 years. Five years ahead seems unrealistic in
general, though some local phenomena are more persistent, e.g. major confluences, major
bends and channels aligning active tectonic faults.

On larger scales, the dynamic system of a river interacts with the dynamic systems of (1)
climate, (2) geological activity and (3) vegetation. Human interference (4) can also be
regarded as an interaction with another dynamic system. These interactions are discussed
below:

(1) Climate:
Interactions with climate are not taken into account. Possible effects would be a
change in the discharge hydrograph due to changes in precipitation distribution, and
a change in boundary conditions at the confluence due to sea level rise.

(2) Geology:
Bangladesh lies in one of the most active tectonic zones of the world (Coleman,
1969). It is generally recognized that major avulsions are controlled by tectonic
migration of the Brahmaputra which is controlled by major faults or fractures in the
earth’s crust. However, there are strong indications that also the channel patterns
within the present river course are influenced by tectonic activity. This could be one
of the reasons that the river seems to have preferred courses.
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(3) Vegetation:
Vegetation affects the bank erosion of smaller streams, but the larger the river, the
less the influence will be, Roots are only present in the upper part, and bank
materials can be sheared away by the flow up to depths of 10m (Coleman, 1969). The
insignificance of vegetation is supported by Masselink (1989), who did not find any
correlation between bank erosion and the presence of vegetation.

4) Human interference:
Human interference can produce significant changes of the river, but this does not
generate an additional source of unpredictability. By building river training structures,
the river system becomes less free and hence more predictable.

Predictions covering a long period are also made difficult by the possible occurrence of
exceptional events. An earthquake could completely alter the present-day trends and may
result in a completely new orientation of the course of the river (as suggested by Coleman
(1969) for the major shift of the Brahmaputra River from its former Old Brahmaputra course
to the present Jamuna course).

Still however the above does not include that a predictive model cannot be developed. The
characteristics of such a model would however be more complicated than the deterministic
models presently in use. It seems that in this case a predictive model would consist of a
combination of deterministic elements and probabilistic approach. Its constituent elements are
stating to emerge. Some of these elements are typically the graphs shown in the Section 3.2
and 3.3 of this Annex. Hence the probability of occurrence of a certain phenomena (like and
abandonment to take place) is a function of some local parameters but can also be expressed
as a certain probability distribution function the characteristics of which are liked to these
local parameters.

The following conceptual model can be visualised: The present planform is determined, e.g.
form satellite images. Then the probability of changes in the planform during the next flood
are evaluated yielding possible planforms after one year with corresponding probabilities of
occurrence. Then again these new planforms are evaluated and possible further developments
during the next flood are indicated. This leads to a new set of possible planforms after 2
years, again with related probilities of occurrence. This procedure can be repeated for a
number of floods. The final result is a set of possible developments to the river system with
their probability of occurrence. These can then be used e.g. for a study of how probable
bank erosion at certain site over the coming years will be. In fact the above approach was
used in evaluating the conditions in the test areas in Chapter-4.

The conceptual model proposed above is described as a combination of a deterministic and
a probabilistic approach. It is clear from the above description that initially (in the first years)
the deterministic part is the most influential in determining how the planform of the river will
change. After some years however the probability of occurrence is gradually taking over.
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This implies that after some years (possibly some 5 years) the model will merely provide
estimates of the state the river may be in, and becomes comparable to a statistical description
of the river characteristics. In the first years however, the deterministic approach yields
results that are steered from the existing planform characteristics and will provide useful
results for planning preventive or remedial measures, e.g. in the case that a channel may
become particularly aggressive over the coming years. Hence such a model will be very
helpfull in deciding on any bank protection works (FAP 21) and any remedial measures to
mitigate the attack of the river (as studied under FAP 22).

It is against this background of limited predictability and the gradual emergence of a

conceptual model that may predict the behaviour of the river over the coming years, that the
following discussion on the conditions at the test areas have to be appreciated.
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4 STUDY OF TEST AREAS
4.1 TEST AREAS

In the Technical Report No.1 (Consulting Consortium FAP 21/22, 1992) the following areas
for test river training structures were pre-selected:

- Kamarjani

- Bahadurabad

- Chandanbaisa

- Nakalia

The pre-selection was based on various criteria, one of them being the certainty-of-attack
criterion. This criterion os evaluated here in more detail based on information (in particular
satellite images) on the recent behaviour of the river system near the proposed test areas.
This information became available over the last months as a result of the remote sensing
study. In addition to this reassessment, the possibility of other sites is reconsidered on the
basis of the new satellite images. The approach is outlined in Section 4.2. The actual analysis

is described in Section 4.3 and the conclusions and recommendations are given in Section
4.4,

4.2 APPROACH

The evaluation of the certainty-of-attack criterion requires reliable predictions of future river

geometry. These predictions are based on observations and on concepts for a predictive
model.

Observations of the behaviour of the river is mainly inferred from satellite images and river
cross-sections surveyed by the Morphology Division of the Bangladesh Water Development
Board. These available observations are described in Chapter 2 of this Annex.

The predictive model aimed at is not available at this very moment, but some of its
constituent elements are understood by now and computational rules are becoming available
(see the Sections 3.2 and 3.3). These have been used instead in the present analysis.
Ultimately the constituent elements of the model are based on fundamental laws describing
water motion, sediment transport, bed erosion and sedimentation, and bank erosion and
accretion. They are formulated for small volumes of water and sediment, and then integrated
over time and space to larger scales. In their present form however they consist of fairly
straight forward prediction graphs. Two types of approaches can be used: (1) bar approach
and (2) channel approach.
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In the bar approach, the pattern changes are taken to be determined primarily by changes of
a submerged bed topography. What typically can be predicted using the bar approach is the
gradual movement downstream of a system of bars and channels as present near Kazipur.
Hence also the location of the main attack and how it changes in time can be predicted with
this approach.

In the channel approach, the patterns are schematized as a network of migrating bends,
interconnected at bifurcations and confluences that are also migrating. Within this network,
new channels can be created and existing channels can be abandoned. Typically the channel
approach can be used for the prediction of bank erosion along curved channels, the
probability of the occurrence of cutoffs, etc.

The reality will be a combination of bar and channel processes, so that neither of the
approaches separately will be complete. However, constructing a model which includes both
approaches will be very difficult.

In addition to the small-scale motion of water and sediment, two elements are to be kept in
mind: the hypothesis of cyclicity and the hypothesis of preferred river courses, both
suggested by Masselink (1989) and Klaassen and Masselink (1992). The cyclicity of the 50%
conveyance position is presently being investigated within the present framework (see
Chapter 2) and a period of about 20 to 25 years seems to be found. The preference for
certain river courses to which the river regularly returns might exist because the sediment
deposited in former abandoned channels is eroded more easily than the surrounding
sediments, like Gilvear and Harrison (1991) find for the river Tay in Scotland. It could also
be related to active tectonic faults, which is currently being investigated by in cooperation
with the Municipal University of Amsterdam.

4.3 ANALYSIS
4.3.1 General

In this Section the conditions at the proposed test areas are assessed in more detail. The
emphasis is on the recent developments and attempts are made to extrapolate this recent
behaviour to predict the most probable behaviour of the river system at the proposed test
areas over the years to come. In particular the probability of continued bank erosion is
evaluated and estimates of this bank erosion are made for the near future. This is presented
in one figure for each test area in which some possible developments are indicated together
with the probability that a certain development may take place.

The probability of the future developments and of continued bank erosion at the test areas
is presented here to underscore the uncertainties involved in the prediction of the future
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developments. By including predictions of the behaviour of the system during the flood of
1992, it will be possible after the flood to check on the accuracy of the predictions. It may
be expected that the analysis of the satellite images as presently being carried out will result
in improved possibilities for predicting the future behaviour of the river system. This will

lead to better predictions and hence to guidelines when and where protective measures will
be needed.

4.3.2 Kamarjani

Kamarjani and the Manos Regulator are situated on the right bank at an approximate latitude
of 25°22",

Cross-sections of this area are coded J-15. From 1973 to 1978, the river pattern here became
more and more ragged, but the banks near Kamarjani and the Manos Regulator were not
under attack. The river had regained a simpler appearance in 1984 with a bifurcation at about
4 km downstream of the Manos Regulator. Upstream of this bifurcation, widening and
associated sedimentation produced an area of dissected chars. Further sedimentation caused
these chars to coalesce and to integrate with the island downstream in 1986, thus shifting the
bifurcation 12 km upstream. Island growth by lateral accretion deflected the bifurcated
channels outward. This induced severe bank erosion, for which the right embankment had
to be retired. This is the background of the massive bank erosion at Kamarjani and the
Manos Regulator after 1984. However, the corresponding migration rate has decreased now,
and there seems to be a tendency that the eastern anabranch could become more important
than the one near Kamarjani. Hence it is likely that the erosion may diminish in the years
to come.

A cyclic repetition of channel patterns at Kamarjani could not be detected from the images.
Rather, the impression of overall widening was dominant. It is interesting to note that in
1991 the island had been split in two by a nodelike crossing lying at the same location as the
bifurcation of 1984, which supports the hypothesis that the river has preferred courses.

The processes prevailing from 1977 to 1984 can be understood best from the perspective of
the bar approach, but for the behaviour from 1986 to now, and hence for predictions, the
channel approach is more appropriate.

Based on the 1992 planform derived from the 1992 image and on the changes over the period
1989-1992 (see also Fig. 2.2-1 of the main report) an assessment was made of possible future

developments at the Kamarjani test area. The results of that assessment are presented in Fig.
4.3-1.

The following observations are made:
(1) In 1992 a mid char channel had developed that acts as a cutoff channel for the
Eastern channel near Kamarjani. If this channel develops further the possibility exists
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that this channel is going to attract more water at the expense of the Western channel.
This may especially be the case if the minor channel West of the cutoff channel
would be abandoned. Larger channels usually have smaller slopes, hence they tend
to attract more water in a braided system.

(2)  The cutoff channel has only a good probability to remain in existence if the direction

' of the offtake changes slightly. It is expected (at a 90% probability level) that the
cutoff channel will continue to widen over the coming years. The curved pattern may
induce the formation of a bend opposite to Kamarjani in due time.

3) Near Kamarjani two possible cutoffs can be identified. The probability that they will
develop into a real cutoff is estimated to be very low because of the angle of the
offtakes from the main stream direction.

Hence it is concluded that with a 75% probability the bank erosion near Kamarjani will
continue at least until 1995. The rate of bank erosion at the Kamarjani site for the period
1992-1995 is also indicated in Fig. 4.3-1. It is felt that this rate will hardly decelerate. As
a consequence it may be expected that the Manos regulator will be eroded away before a test
structure can be built. Developments after 1995 are increasingly difficult to predict, but it
is estimated that the bank erosion will still continue, although probably at a slightly lesser
rate.

4.3.3 Bahadurabad

Bahadurabad lies on the left bank at latitude 25°09’. Cross-sections of this area are coded
J-14. In 1973, there was only one main channel here. It had a strong meandering twist at
about 10 to 15 km upstream of Bahadurabad Ghat, outflanking into the left bank of the
Jamuna. The river became more braided in the following years. Severe bank erosion had
occurred upstream of Bahadurabad in 1976 as a combination of channel migration and
widening associated with char formation. This bank erosion produced an embayment just
upstream of Bahadurabad Ghat. In 1984 a more orderly planform had appeared, mainly
consisting of two anabranches on either side of an elongated island. These anabranches
persisted from then to 1992. Since 1990, an important channel has been impinging on the
bank South of Bahadurabad Ghat, whereas the embayment which was formed between 1973
and 1976 silted up. The change-detection images of 1989-1991 and 1991-1992 show a
continuation of this trend which can be expected to persist during the next two years. The
bank downstream of Bahadurabad Ghat seems therefore a most suitable area for bank
protection test works.

A cyclic repetition of channel patterns at Bahadurabad could not be detected from the images.
Rather, the impression of widening prevailed. A return to a course which had been
abandoned previously could not be recognized in the immediate vicinity of Bahadurabad. The
channel approach offers the best base for predictions here.

Based on the 1992 planform derived from the 1992 image and changes over the period
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1989/1991-1992 (see also Fig. 2.2-2 of the main report) an assessment was made of possible
future developments at the Bahadurabad test area. The results of the assessment are presented

in Fig. 4.3-2.

The following observations are made:

(1)  Upstream of Bahadurabad two channels are present that have developed fair bends.
One channel is located at in the Eastern channel system and is in fact the main reason
for the erosion downstream of Bahadurabad. The other channel is more connected to
a system of mid char channels and bars.
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2) It is expected that both channels will continue to erode, hence in time increasing the
probability of a short-cut to develop, see Fig. 4.3-1. It is estimated that such a short
cut will have taken place in 1995 with a 75% percentage of probability.

3) In the past channels have existed at the possible future location of this short cut and
all of them carried water form the Eastern reaches of the river to the Western
reaches.

4) If such a development would occur it would gradually reduce the rate of erosion south
of Bahadurabad.

The probability of continuing bank erosion at Bahadurabad is estimated at 75% in 1995 and
less than that for the years to come.

4.3.4 Chandanbaisa

Chandanbaisa is situated on the right bank at latitude 24°48’. Its cross-section is coded J-11.
Throughout the years, two anabranches can be identified here. In 1973, both anabranches
lay far from Chandanbaisa, but in 1976 a bend had already migrated to the vicinity of this
town. The two anabranches had considerably shifted Westward in 1984. As a result, a
relatively wide and braided anabranch aligned the right bank near Chandanbaisa from 1984
to 1991. Bars propagating through this anabranch exposed and protected the bank at
Chandanbaisa alternately, thus offering favourable conditions for building test river training
structures. In 1991, however, substantial sedimentation had occurred along the whole stretch
of the bank. Char fragments grown together downstream of Chandanbaisa deflect the main
flow thread Eastward. Upstream of Chandanbaisa, a channel which dissects the medial char
seems to gain importance. If this trend continues, then the main body of the flow will
impinge on the bank upstream of Chandanbaisa, thus causing significant bank erosion. This
trend cannot be counted upon too surely, though, so that the certainty-of-attack criterion is
not satisfied very well here.

A cyclic repetition of channel patterns at Chandanbaisa could not be detected from the
images. Again, the impression of widening and increased braiding prevailed. A comparison
of the Southern images from 1973 and 1989 offers an impressive illustration of this trend.
A return to a preferred course could not be found in the immediate vicinity of Chandanbaisa.

The sedimentation and char growth in this area can be understood best from the perspective
of the bar approach, but the channel approach is the best base for a prediction of bank
erosion upstream of Chandanbaisa.

It should be noted that char erosion might even occur in a period in between the dates of two
consecutive images which show char accretion. It is possible that scour occurs during the
flood, after which substantial deposition takes place during the falling stage of the
hydrograph.
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Based on the 1992 planform derived from the 1992 image and changes over the period 1991-
1992 (see also Fig. 2.2-3 of the main report) an assessment was made of possible future

developments at the Chandanbaisa test area. The results of the assessment are presented in
Fig. 4.3-3

The following observations are made:

(1) At present most of the discharge is passing along the Western side of the river. The
bend near Madarganj on the left side will probably be cut off in 1992 or 1993. The
possibility exists (50%) that this will induce the flow to shift gradually from the
Western bank to the Eastern bank.

(2) A mid-bar channel upstream of Chandanbaisa seems to gain importance. Because it
is directed towards the Western bank this channel may induce bank erosion in the test
area.

3) More downstream there will probably be no bank erosion owing to the coalescing
islands formation mentioned before.

The possibility of bank erosion starting in 1993 is estimated to be about 50%.

4.3.5 Nakalia

Nakalia lies on the right bank at latitude 24°01°. Cross-sections of this area are coded J-3.
Downstream of Sirajganj, the Jamuna River is less braided and tends to assume a meandering
planform. Despite the presence of chars and secondary channels, the main flow thread can
easily be identified. In 1973, the river bifurcated near Nakalia around a char of less than 20
km?. This char grew later into a more stable, vegetated island, with two anabranches on
either side of it. Further growth shifted the bifurcation point about 15 km upstream into the
vicinity of Betil. From 1973 to 1984 the Western anabranch was dominant. Severe bank
erosion near Nakalia created an embayment in this period. In 1991 and 1992, however, the
Eastern anabranch became more important, and the embayment formed previously was filled
with sediment. The 1989-1991 and 1991-1992 change detection images show that the erosion
is less than about 300m per year. Meanwhile, the Eastern channel between Chauhali and
Aricha became much more active, and it is suggested to consider a test area along the left
bank as an alternative. When doing so, one should anticipate the cutoff of the large bend
which is likely to occur within two years. This alternative meets the preference expressed in
the Terms of Reference for test sites on the left bank. Another option is that the test area is
maintained on the right bank near Nakalia, with an additional guiding structure on the left
bank to deflect the main flow thread to the West. This additional structure could be upstream
of the present bifurcation in the area of Betil, or (better) further downstream, forcing channel
creation through the island. For the latter option, the meandering planform of 1978 can serve
as a guideline. It has a regular shape complying with the natural characteristics of the river.
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A cyclic repetition of channel patterns at Nakalia could not be detected from the images. One
might expect otherwise because the river is meandering here. It should be noted, however,
that the wave length decreased. In 1978 and 1984 there were only five half-meanders
between Sirajganj and the confluence with the Ganges, whereas there are six half-meanders
in 1992. The decrease of wave length can be explained from a decrease of discharge, because
in 1992 part of the discharge is conveyed by the western anabranch.

Again, significant widening occurred. The widening is such that the river between Sirajganj
and the confluence with the Ganges might even loose the meandering appearance and become
a fully braided river. A comparison of the southern images of 1973 and 1989 strongly
suggests this possibility. A return to a course which had been abandoned previously could
not be detected. The most appropriate base for predictions here is the channel approach.

Based on the 1992 planform derived from the 1992 image and changes over the period 1991-
1992 (see also Fig. 2.2-4 of the main report) an assessment was made of possible future

developments at the Nakalia test area. The results of the assessment are presented in Fig.
4.3-4,

The following observations are made:

(1) At present, a large bend exists opposite and slightly downstream that will experience
a cutoff shortly. The probability that this cutoff will occur in 1992 is about 50% and
that it will have materialized in 1993 is 75%.

(2) Upstream of this bend there is another bend which is supposed to develop over the
coming years.

(3)  This will trigger accelerated bank erosion just upstream of the cutoff discussed under
(1). The effect of this bank erosion will be that the probability of a cutoff upstream
will increase, see Fig. 4.3-4. This may lead to a reduction of the discharge in the
Western channel and hence a reduction of the bank erosion rate at Nakalia.

4) An other development may also influence the relative importance of the Western
channel. The Eastern channel may gain importance due to the cutoff foreseen and the
related movement of the bend in upstream direction. This may cause this channel to
draw more water and this may result in a decrease of the bank erosion near Nakalia.

Based on the above observations, it is expected that the bank erosion at Nakalia will continue
to reduce and may stop (with a 50% probability) in 1994.

4.3.6 Other possible areas

It is clear form the previous subsection that the certainty-of-attack criterion is nowhere fully
fulfilled at the four pre-selected test areas. Hence the Consultant has studied the recent
developments in the river system to identify other areas which might have a larger probability
of being attacked form 1994 onwards. The following areas have been reviewed :
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(1) Right bank near Kazipur W S

At present there is an important migrating bend in this area. It is expected with a\?ﬂ‘ 'fi-
probability that this bend will continue to erode near Kazipur.

(2)  Left bank opposite to Kamarjani

The Eastern anabranch is becoming more important here, conform Section 2.1, and attacks
the left bank. However, present estimates are that this bank erosion will reduce or possibly
even stop after the 1993 flood.

Left bank at Jamuna Bridge

Severe erosion occurs along the left bank at the proposed site of the Jamuna Bridge.
Considering the river planform, this bank erosion can be expected to continue, unless a cutoff
along the Western bank would develop.

Left bank between Chauhali and Aricha :
This alternative has been discussed in subsection 4.3.5. It seems worthwhile to keep this
possible location in mind and to verify the developments at that location after the 1992 flood.

4.4 CONCLUSION AND RECOMMENDATIONS

At Kamarjani and the Manos Regulator, the severe bank erosion after 1984 was related to
the formation of a large island which deflected its anabranches outward. The corresponding
migration rate may decrease in future, but substantial bank erosion will continue (at a 75%
probability level) until at least 1995.

The change-detection images of 1989-1991 and 1991-1992 show a continuation of bank
erosion South of Bahadurabad Ghat due to the impingement of a channel from upstream.
In view of the present geometry of the area, this can be expected to continue during the next
two years. The bank downstream of Bahadurabad Ghat seems therefore a suitable area for

bank protection test works. Future developments may cause that the bank erosion rate
reduces after 1995.

Substantial sedimentation is occurring along the bank near Chandanbaisa. Chars downstream
deflect the main flow thread to the East. It is plausible that the bank upstream of
Chandanbaisa will erode in the near future, but the possibility for this does not satisfy the
certainty-of-attack criterion very well.

Bank erosion at Nakalia appears to slow down. However, the Eastern anabranch along the
opposite bank is much more active, and it is suggested to consider a test area there as an
alternative. When doing so, one should anticipate the cut-off of the large bend which is likely
to occur within two years. The situation after the 1992 flood will be checked.
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Neither cyclicity nor path preference could be seen in the channel patterns at the pre-selected
sites. The overall widening is a much more striking phenomenon. This widening might have
far reaching consequences for the reach between Sirajganj and the confluence with the
Ganges, because the river might loose its meandering appearance and become fully braided
here. A comparison of the Southern images of 1973 and 1989 strongly suggests this
possibility. An alternative explanation is that the river downstream of Sirajganj changes
alternatively between more meandering and more braiding. More studies are needed to
elucidate this aspect.
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1 INTRODUCTION

This Annex provides a brief description of the scour study carried out to arrive at better
predictions of the scour near groynes in outer bends. This study is tackling one of the
questions in relation to the prediction of combined scour (see Chapter 2). In this Annex a
brief review is given of the facility used, the results obtained and the recommendation arrived
at regarding the prediction of scour near groynes in outer bends. More details will be
provided in a separate Technical Report that is to appear in October 1992.

2 ON COMBINED SCOUR

Until recently maximum scour depths near river training works in Jamuna type of rivers were
usually determined using methods essentially based on the regime approach as proposed by
e.g. Ahmad (1953). In these methods only limited use is made of the specific understanding
of river processes. In fact when the design methods proposed by Ahmad and others were
developed the understanding of phenomena in particular braided rivers like the Jamuna River
was only limited.

Since then there has been quite some progress in the understanding of river processes. One
dimensional mathematical models have been developed to simulate general scour, defined
in e.g. RPT/NEDECO/BCL (1990b) as the reaction of the river to changes in its boundary
conditions (like deforestation, diversions, sea level rise, etc.). The understanding of scour
in bends has substantially improved, not only for axisymmetric conditions but also for the
conditions in the beginning of a bend, including the so-called overshoot and point bar
formation (see Struiksma et at, 1985). Much more insight is obtained in the influence of bank
erosion products on the lateral bed profile (see e.g. RPT/NEDECO/BCL (1990b) and
Mosselman (1992)). Expressions for constriction scour have been developed, including their
time-wise development via numerical models or via analytical solutions (see Klaassen &
Struiksma, 1988). Confluence scour has been identified (Ashmore & Parker, 1983), and
special predictors have been developed for Jamuna type of rivers (Klaassen & Vermeer,
1988a). Insight in bedform dimensions in large rivers like the Jamuna River and the related
minimum bedform scour depth was obtained and their relevance for the design of river
training works was indicated (Klaassen & Vermeer, 1988b). Finally a number of physical
model studies have been carried out allowing to derive expressions for local scour
(Pilarczyk, 1984; Breusers & Raudkivi, 1991).

It is challenging to use this improved understanding to arrive at a better prediction of design
scour depths for river training works along Jamuna type of rivers. This is especially
important when a probabilistic design approach is used, because for all contributions to the
total scour depth separate probability density functions can be derived, which can or cannot
be correlated.
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Indeed, recently some projects have been carried out which are trying to use this increased
understanding to arrive at more scientifically based predictions of the scour depths that may
occur near river training works that are being planned along the Jamuna and similar types
of river. It is interesting to summarize here the approaches taken within these different
projects. Especially because it appears that being able to differentiate between the different
types of scour and to be able to compute their contribution to the total scour depth is a
necessary condition, which is however, not sufficient for establishing the design criteria for
river training works.

If the different contributions are estimated separately, then the major issue becomes how to
combine them. There is at present no univocal opinion of how to do this and in fact this is
the very topic of the present study for the combination of bend scour and local scour around
groynes.

Within the framework of the present study a review was made of the approaches taken in

three different projects which were carried out in Bangladesh recently and which can be used

to illustrate that there is indeed at this moment not one established method to combine these

different types of scour. The three projects referred to here are:

(1) Jamuna Bridge Project (RPT/NEDECO/BCL, 1990a)

(2) Brahmaputra River Training Studies (Halcrow/DHI/EPC/DIG, 1991)

3) Meghna River Bank Protection Short Term Study (Haskoning/DELFT
HYDRAULICS/BETS, 1992).

During the review it was observed that different approaches have been used for the different
sites and that there is no univocal opinion on the importance of some of the contributions to
the total scour. Also the way some of these various contributions were taken into account was
slightly different.

The review has led to the following questions to as how to determine extreme scour depths

in Jamuna type of rivers and how to combine the different contributions to the total scour:

(1) Should evaluation of the bend scour be based on observed bend profiles or should the
influence of the erosion of bank erosion products be taken into account?

(2)  Islocal scour in front of revetments negligible (as assumed in the Brahmaputra Study)
or does it have a significant contribution to the total scour (as assumed in the Meghna
study) ?

(3) Is protrusion scour indeed an important phenomena worthwhile to be identified and
assessed independently (as done in the Meghna study) in cases where the bank
protection works are stand alone structures like in Chandpur ?

4) Is bedform scour important and should it be taken into account (as done in the
Brahmaputra study) or is its influence negligible near structures where local scour is
dominant (as assumed in the Jamuna Bridge and the Meghna studies) ?
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(5) Should local scour (and protrusion scour) be computed including the effect of the
constriction scour and the bend scour on the initial water depth (Meghna study) or
should it be evaluated separately and simply be added to the combined scour
excluding local scour (Jamuna Bridge study) ?

The present study addresses specifically the fifth question and to a smaller extent the first
question, leaving the other questions open for further studies.

It should be mentioned here that the prediction methods employed during the different
projects are al based on an extensive analysis of field data, during which the combined scour
that had been observed in the past was split up in the different contributions to scour. It is
therefore felt that any conceptions as to how to combine these contributions will have a minor
effect on the predictions made for those particular locations. Application of the approach
taken and the methods developed to other locations should be done with care, however, until
answers can be given to the questions listed above.

3 APPROACH

The main purpose of this study is to investigate the combined scour near groynes along the
outer bank of a bend in alluvial channels and determine how to combine bend scour and local
scour, particularly in the case of bank erosion products having a significant influence on the
shape of cross-sections in the unprotected situation. The study has to result in
recommendation on how to assess the combined scour due to bend flow and groynes. If h,
is the water depth of a straight channel without groynes, h, is the maximum depth of scour
in outer bend and h, is the maximum scour depth at the head of groyne in a straight channel,
then, with the construction of a groyne along the outer bank of a bend, the total depth of
scour hy, can probably be expressed as:

hy=£ (h,, h;, h,) (3.1)

The exact formulation of this relation is not known (see Chapter 1). Experiments in a
physical model with mobile bed and banks will help in clarifying this relationship and thus
in obtaining a better prediction for the maximum scour to be expected around groynes in
bends.

The tests were carried out in an experimental facility that was constructed in the De Voorst

experimental station of DELFT HYDRAULICS. The characteristics of the facility are as

follows:

(1) Overall dimensions 9 m long and 6 m wide.

2) The height of the walls is 0.60 m.

3) A tailgate with the width of 3.0 m is installed at the lower side of facility to set the
downstream water level.
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The facility is filled up with sand material having a particle size of Dso = 0.210 mm.
A closed system for sediment and water recirculation is used including a sand-trap,
a water-storage, a sand pump with Q = 7.75 s, a clean water pump with a
maximum discharge of 50 1/s and two separate pipe lines, see Fig. 3-1.

A series of pipes with a diameter 45 mm and a length of 0.50 m is used to dampen
the turbulence of the flow downstream or where the flow is entering into the facility.
The groynes were simulated with thin plates. The advantages of this schematization
is (i) that they could be handled easily and (ii) the local scour is independent of the
scour depth.

The following measuring instruments were used:

(D
2)
A
4)

one electro-magnetic flow meter to measure the flow discharge;
two pilot tubes for measuring the water levels;

one normal point gauge for measuring the bed levels;

one electro-magnetic flow velocity meter.

In addition vertical photographs were taken from a point about 7.5 m above the facility.

waler+sand circuil sand. pump (Omu- =7.75 1/s)

electro—magnetic z
flow metfer . :
water circuit
daomping tubes tail gole

water pump (Q ___ =50 1/s)

SEPASIASAASAFAPASAZAZN

sl Model facility

water

Fig. 3-1 Experimental facility used and water and sediment circuits

In total three series of each five experiments were carried out. The five experiments are
described hereafter as five subsequent stages of the investigation (see also Fig. 3-2):

Stage 1 : Running the model with a straight channel without any groynes. From this test

the average water depth h, for given discharge Q, width B and slope i is
obtained. During this experiment both banks were fixed.

Stage 2 : Running the model with a straight channel including groynes along one bank

with the same Q, B and i. In this stage the aim is to determine the maximum
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Stage 3 :

Stage 4 :

Stage 5 :
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depth of local scour h, near the head of groynes and the increase in depth Ah,
(= h, - hy) due to local scour. In this experiment only the bank without
groynes was fixed.

Running the model with a curved channel, without any groyne and with the
same Q, B and i. The aim of stage 3 is to determine the maximum depth of
outer bend scour h, and the increase Ah, (= h, - h,) near the groynes. In
this experiment both banks were fixed again.

Running the model with a curved channel and groynes along the concave bank
for the same conditions as the previous experiments to find the maximum
depth of scour in front of groynes in the bend hy, and the increase due to the
combined presence of an outer bend and local scour Ahy, (= hy, - h)). In this
experiment only the inner bend was fixed.

In the last stage (only during the first two series of experiments) the same
curved channel with erodible outer bank as in stage 4 was used. The groynes
were placed in a retired position some 0.3 m from the out bank. The initial
conditions were the same bed topography during equilibrium conditions of the
third stage. The purpose of this stage is to study the effects of bank erosion
products on the bed topography of bends.
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(a) Straight channel without groynes
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(d) Curved channel wilh groynes

(el Curved chonnel with retired groynes

LEGEND

FIXED BANK
ERODIBLE BANK

Fig. 3.2 Various stages of test
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4 RESULTS

The main results are summarized in the Table 4-1. Furthermore some salient details are
provided in the Fig. 4-1 through 4-3, which relate to the first series of experiments only.
Similar results are available for the other series.

A3 -7

Test Test Run. i h(ave) h(max) in the sections : viave) Fr{ave) Ofave) Clave) q(sy*10
No. Code time -) (m/s) (-) -) (m.5/s) “6
(he) 3 4 5 6 7 (m’/s)
1 SCWGI n .0025 .08 a7 on 084 01 084 347 392 .58 .34 5
2 SCIG1.2 46.5 00276 (083 095 164 .18 181 AT 307 351 .661 24.18 -
3 CCWGlI 5.5 0024 089 118 An A9 .18 099 347 a7 616 20.9 2.4
4 CCIGI 46 00267 i - 257 27 25 244 27 268 Ba4 15.09 -
5 SCWG2 49.5 00322 064 066 066 066 066 063 544 697 599 33.74 1.65
6 SCIG2 95 00376 055 125 121 119 131 156 J12 B9 594 46.79 -
7 CCWG2 13 00345 076 093 163 225 136 K. ] .496 583 193 27.81 23.24
B CCIG2 48.25 00367 091 141 246 305 27 268 AlS 454 967 2.7 -
9 SCWG3 94 .0014 096 .088 091 098 102 097 359 an .386 28.43 29
10 SCIG3 115 00236 07 3 114 A27 163 AT 415 514 484 39.13 -
11 CCWG3 94 .00305 094 .108 158 144 199 225 44 466 827 21.37 212
12 CCIG3 23 00463 082 115 229 253 2n 258 498 .6 1.09 24.06 -

Table 4-1 Main results of the test

The test code used in Table 4-1 is explained hereafter:

- SCWG =

- SCIG =

- CCWG =

- CCIG =

- CCWIG=

Straight Channel Without Groynes (Stage 1)

Straight Channel Including Groynes (Stage 2)

Curved Channel Without Groynes (Stage 3)

Curved Channel Including Groynes (Stage 4)
Curved Channel Without and Including Groynes (Stage 5)

The following observations can be made when inspecting the results in the Table 4-1:

(D

)

3)
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During the 1st and the 2nd series the slope was fairly constant. During the 3rd series
the slope of the different experiments was quite different (varying from 0.0014 to
0.0046). Hence the different experiments are not comparable. For the time being the
3rd series has not been used in the analysis.

The Chezy coefficient varied between 15 and 28, with the exception of two
experiments SCWG2 and SCIG2, which were done during a period when the water
temperature in the facility was probably substantially higher than during the other
experiments.

During the experiments the average Froude number varied between 0.35 and 0.58,

except for the same experiments SCWG2 and SCIG2.
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Fig. 4-1 presents the results of experiment CCWGI1 compared with the results of experiment
SCWGI. Cross-section 3 corresponds to the beginning of the bend. It can be observed that
a typical bend profile is present in the bend. In cross-section 7 the bed is almost horizontal.
This is due to the occurrence of the so-called overshoot in bends and it will be explained in
more detail in the forthcoming Technical Report.

Fig. 4-2 compares the experiments SCWGI1 and SCIG1, and hence this figure shows the
effect of the local scour near the groynes. It is remarked that the maximum local scour near
the groynes occurred near in the cross-section where the groynes was due to the use of plates
instead of real groynes.

Fig. 4-3 shows the results of the experiment CCWIG1 (Stage 5) compared with the

experiment CCWGI. It is observed clearly that the bank erosion during this experiment had
a significant effect on the cross-sectional profile.

FAP 21/22, INTERIM REPORT



Al-9

EFFECT OF BEND FLOW OW

# fcross SECTION § _—= r
TESTS: SCWG1 AND CCWCH P
sE /
Py 3
E
T AE {
3
2 E
\ N
E ]
B T 5
L -
-1 e [ 2z ay 4 3 a El 2 » 1 Ny
Chaloage (m) — -
EFFECT OF BEND FLOW ON

% [ CROSS SECTION 4
TESTS: SCWG! AND CCWGH

F
2 i
B
3 3
:
3
2

o B " L ausarad

8 ;EFFECT OF BEWD FLOW ON :
CROSS SECTION 35
TESIS: SCWGY AHD COWGl

W
="

A E uiy

N

s AF

3

. |
2 ; .
A E
o ;n. )l i Al PITETS ITTTTIeNa L ITTITRTRTA IR CATTEaT]

CFFECI OF BLMD FLOW ON :

< [ CROSS SECTION 6 |
TESTS: SCWG! AND CCWGH

E
§
'] Eu. 1 1 1 YIPTTTETIT ITT] TETTITTIRTRTTPRITI IR TPTRTNNA]
0 B e —
TESTS: SCWG1 AND CCWGI
sF
AE .
g f
3 A3F
3
T 2
B 0= 0.030 m3/s
“E B8=0.96
3 0(50)=0.210 mm
o Buisun ERPET e s
=3 o 1 2 3 A 3 L] T a L] i
Chaloags (m)
-0-8ed sur In CCWGI —0O- Water sur.in CCWGI -v~- Bed sur in SCWGI -v- Waler sur. in SCWGI
Fig. 4-1 Comparison of cross-sections measured during the experiments

SCWGI1 and CCWGI1 showing the bend scour

FAP 21/22, INTERIM REPORT



Lavel (m)

Leve] (m)

i, A3 -10

-
/i QF CROYNE ¥ STRAICHT CHANNEL FLECT. Q?gm'”l' IN STRAICHT CHANNEL
a Egé‘i%fm o o ek
sk i
P\ !
\ 1
A
£
2 f
i 3
2 I
|
1 E
=1 0 1 2 3 4 -1 6 T B 9 1 -1 o 1 2 3 .I‘ 5 6 o 8 g
Chainage (ra) Chainage (m)
a. Section 4 b. Section 5
?gnnrr IN STRAICHT CHANNEL FFECT OF CROYNE IN STRAICHT CHANNEL
8 8 = j
|
5 5
4 A
£
3 = 3
$
3
] 2
A A
g bauu u FETETR TRy [RTTERTRTY [ETTRTEVRINTUTRCTRTA CRTRTTTITITTITTIVRT N IO TITI (TTTAIIC (]
=4 [ a 2 3 A 5 i 4 B » | -1 ° 1 2 3 4 s 8 7 8 9 1
Chainage (m) Chainage (m)

c. Section 6 d. Section 7

Q= 0.021 m3/s
B0
IB)(=5UU)= 0.%110 mm

—0- Bed sur (SCIGL2) -0O- Water 3ur.{SCIGI.2) - v~ Bed sur. (SCIG 2 )-v- Water sur (5CIG ;!

Fig. 4-2 Comparison of cross-sections measured during the experiments
SCWGI1 and SCIGI showing the Icoal scour

FAP 21/22, INTERIM REPORT



Loval ym)

Leve (m)

(N
Uy

A3 -11

FrRECT OF BAMK ERoSioN PRODUCTS nﬁ‘g&r;.knnggagégg L ROPOCTS
P 3 A : 4
5 5
A A
E
]
? i
2 2
1 1
L . - . ot S
-1 o 1 2 3 A 5 6 3 2 1 (58 1z -3 o 1 2 3 ES 5 L} T B 2 1 u 12
Craroge (m) Croroge (m)
a. Section 3 b. Section 4
I T LA B
B = 5 \
- 1
SE 5 l J
AFE D R e
E |
3E 3
1 |
2f 2
1 E- 3
o E, r Q 1
- o 1 2 3 A 5 K 7 B 2 1 u iz -1 o 1 2 3 A 5 [ b | B 2 | § (81 12
Croroge (m) Cronoge (m)
c. Section 5 d. Section 6

Leva (m)

L TTTeT T TP TTTIe] (e

T -]

b el

2z a A 2 1 u

5 6 Lz
Croroge (m)

e. Section 7

~D0- Bed sur.(without bank ered =TI~ Water sur. (without bank ero,
~*- Bad sur.(with bank ero ) — v~ wWater sur. ( wilh bank sro,)

Q= 0021 m3/s
B=08 m

Fig. 4-3 Comparison of cross-sections measured during the experiments
SCWGI1 and CCWIGI showing the effect of bank erosion on the cross-

sectional profile

FAP 21/22, INTERIM REPORT



7/ A3 -12
'(: >

-
5 ANALYSIS

Here the analysis is limited to the relationship to be used for the prediction of combined
scour near groynes along outer bends. Fig. 5-1 presents the results of the series 1 and 2 as
far as h,, h,, h, and hy is concerned. In Table 5-1 the values of Ah,+Ah, and Ah,, are
determined and a comparison is made between Ah,+Ah, and Ah,,. It is observed that there
is a very good correspondence between Ah,+Ah, and Ah,,. It may therefore be concluded that
a prediction of the combined scour near groynes in outer bend is obtained when the following
formula is used:

hy=h,+Ah,+ Ah,
LONGITUDINAL MAXIMUM WATER DEPTH
FIRST SERIES
4 -
E [0 HO) - W) —— Wo) o HE)
-
£ sE
%. = .
s c & iias "
i =
i -
x 2 -
: 3 "
s o
E 50— %4 5 ———0
of ! 1 ! 1 !
2 3 4 5 6 7 B
Section
LONGITUD
Sgett S%%?%SMAXIHUM WATER DEPTH
4
E (o= W) > W) o W) o )
= AF
£ : 5
5 - E o o
2. L o
] & 3
8§ 2F
E =
g =
= =
1
0 E l I | | |
2 3 4 5 6 7 B
Section
Fig. 5-1 Comparison of the maximum depth measured per cross-section for the

different experiments.
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a. First series:
Test: SCWG1 SCWGI1. CCWGI1 CCIGI1 Delta Delta Delta Delta
Section h(o) 2 h(b) h(lb) (h(l) h(b) h(l+b) h(lb)

h(l)
3 077 .095 118 - .018 .041 .059 -
4 077 .164 77 257 .087 o 187 .18
5 .084 .18 179 .27 .096 .095 191 .186
6 .079 181 .18 25 102 101 .203 s 1 J |
7 .084 171 .099 .244 .087 .015 .102 .16
b. Second series:
Test: SCWG2 SCIG2 CCWG2 CCIG2 Delta Delta Delta Delta
Section h(o) h(l) h(b) h(lb) h(l) h(b) h(l+b) h(lb)
3 .066 125 .093 141 .059 .027 .086 .075
4 .066 121 163 .246 .055 .097 .152 .18
5 .066 119 225 .305 .053 .159 212 .239
6 .066 131 136 27 .065 .07 135 204
7 .063 .156 129 .268 .093 .066 .159 .205

This good correspondence is also shown in Fig. 5-1, where a comparison is made between
h, + Ah, + Ah, and h, + Ah,,.

COMRARING h(total) WITH A(1b)

FIRST SERIES

Table 5-1 Further analysis of the experience during the series 1 and 2

b{total}= h(OHDB(IH+Dh(b)

[ o nirwaat)

- Wb)

peaalenaseibiiieng
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6 CONCLUSION AND RECOMMENDATIONS

From the above analysis of the results it was concluded that the approach followed (with
series of four comparable test in straight and curved channels, and with and withour groynes)
has been quite successful and allows for the preparation of recommendations for the design
of groynes along outer bends.

The following simple design rule is tentatively recommended :

where hy,; = scour depth near groynes in outer bends, h, = average wate depth for straight
channel, Ah, = additional scour of channel with average depth h, due to bend scour, and Ah,
= additional scour due to local scour in a straight channel due to groynes.

Furthermore it was demonstrated that in rivers with severe bank erosion like in the Jamuna
River, the measured bend porfiles should be corrected for the influence of the bank erosion
products, before the local scour near groynes in bends is computed according to the above
design rule. Finally it is concluded that additional studies both in laboratory channels under
controlled conditions and in the field are required to verify the recommendations given on
the basis of this exploring investigation.

More detailed conclusions and recommendations are due in the forthcoming Technical Report
with a detailed account of the present study.
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1 INTRODUCTION

The both projects FAP 21/ 22 require hydrologic data for the design of the bank protection
measures at the test sites and for the estimation of the effectiveness of river training
measures. These hydrologic data are collected and analysed in an hydrologic study, which
has been carried out from mid February to the beginning of April 1992. In this period a first
selection of the location of possible test sites has been made on basis of the available
morphologic data. it is mentioned that the hydrologic study does not include the results of
the field surveys near the selected test areas.

The final results of run 6 from FAP 25 have been stored in the data base of the project, but
a updating of this study may require a additional input in the next years.

The objectives of the hydrology study is to provide hydrological boundary conditions in
conjunction with FAP 25 for the selected sites along the Jamuna river. These objectives
include the analysis of a kind of construction window during low water periods and the
analysis of quick rises and falls in the water level as a boundary for the study of groundwater
flow near the test sites. Unfortunately it was not possible during this study to analyse all
required hydrologic boundary conditions as rating curves, wave and wind data. To complete
the hydrologic study for this project it is desirable to include these items in an additional
study.

2 DATA COLLECTION

A satisfactory network of hydrological stations in the Jamuna river catchment in Bangladesh
has been established by the Bangladesh Water Development Board, (BWDB), which is the
main source of hydrological data for this project. In general, hydrological data related to the
Jamuna River catchment within Bangladesh are available from the early 1960’s. A data
availability directory has been produced by FAP 25.

The hydrological data of interest for the hydrological study of this project were collected
from several sources and stored in a computer database in the Consultant’s office. The
emphasis was placed on available computerized data, but also some additional data was
stored manually.

The rainfall data has been stored in a database and these data can be used as input for the

rainfall-runoff module of the 1-dimensional model (NAM module) to run together with the
general model or with one of the regional models.
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An extensive network of water level gauging stations on the Jamuna river and its
distributaries has been established also by the BWDB. The data of some secondary stations
have been collected mainly with the purpose to improve, if necessary the 1-dimensional
model and to avoid an additional data collection during the study phase of this project.

The accurate location of these gauging stations has been determined recently by various
teams using Global Positioning Systems. From the comparison with the results of the
previous applied methods it is shown that a more accurate determination of the location of
these stations is obtained with a GPS .

The reliability of the zero datum of these stations, especially between right bank and left
bank of the Jamuna river is still pending. The preliminary results of the second order bench
marks checks indicate a vertical difference of about 0.20 m between the bench marks on the
left bank and the bench marks on the right bank.

For the secondary stations the quality of the data was checked by visual inspection of the
daily data, computation of the one day gradient (water level difference between 2 days) and
comparison with the other stations.

The water levels, which were calculated by the 1-D model for the 25 year period, can be

used to determine design conditions near the test areas. These water levels are stored in a
database.

Discharge data of different stations in Bangladesh have been collected. The station in
Bahadurabad is the most important station along the Jamuna river, because it is the only
station where the discharge is currently being measured regularly by the BWDB.

In the Flood Hydrology Study discharges calculated by using a set of improved rating curves
with consistent extrapolation characteristics. These discharge data have also been collected
for the project database and will be used instead of the uncorrected daily data.

It should be mentioned that the accuracy of the discharge measurements has been estimated
at some 20-30 %, especially for the estimation of the maximum discharge. For other
locations than Bahadurabad the discharges, which were calculated by the 1-D model for the
25 year period, have been used to determine design conditions near the test areas. These
discharges are stored in a database.

The General Model (GM) is a hydrodynamic model of the main rivers in Bangladesh. This
model has been developed at the Surface Water Modelling Centre (SWMC) in recent years.
Based on the hydrodynamic module of Mike 11 Software, the FAP 25/GM model is a
reduced version of the GM with runs for a long period from 1965 to 1989 with a fixed bed.
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At this moment the so called run 6 of FAP 25/GM is considered as the final run for the
existing situation with a recelebrated model. It is mentioned that the "BRTS Chainage" has
been used for run 6 instead of the "GM" chainage used for run 5. To avoid any confusion,
only the "BRTS" chainage has been used in this study.

Although the systematic errors between measured and calculated time series at a station will
be assessed in detail by FAP 25 in their final report, some quick checks have already been
done in this hydrologic study.

The collected hydrologic data have been stored logically into several databases:

Lotus files: Some BWDB data are available in data files, which have been made with a

spreadsheet program, Lotus, with 16 water levels gauge stations and 2 discharge stations
along the Jamuna river.

General Model database : Data used or calculated by this hydrodynamic model are available
in two kinds of databases, which are part of the Mike II software package, which has been
developed by the DANISH HYDRAULIC INSTITUTE.

HYMOS database: A hydrological database using HYMOS software has been built and
checked to facilitate data interpretation. This software program is a hydrological data
management and processing software package developed by DELFT HYDRAULICS. It is
pointed out that all the basic data into HYMOS have been introduced from the Lotus files
or the Mike 11 databases.

Additional analyses (like rating curves or any other data interpretation) can be carried out
easily with the help of this HYMOS database and using the same set of data.

3 TEST AREAS

At the beginning of this hydrologic study it was decided to use the calculated hydrologic data
from the FAP 25 / GM-model for an hydrologic analysis for each test area. But because of
the results of run 6 were not finalized at the beginning of the study and a BWDB station is
located in the vicinity of each test area, an analysis of the most suitable data has been done
site by site, keeping in mind that for the modelling activities, to be consistent, the results of
the FAP 25 / GM model will always be used as boundaries conditions for the determination
of the decisive data in design conditions.

Kamarjani
The monthly maximum, minimum and average have been compared with the results of J63
(results of the model for the chainage 63 km), but the differences between observed and
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computed water level are too big to be easily explained: an average difference of 0.56m in
the water level in a period of several years, but up to 1.4m in annual average. The field
measurements of this station cannot be used without a complete investigation of these
differences in the water level, however, this is not included in the scope of this hydrologic
study. Therefore the computed water level have been used. The computed discharge has been
taken from the chainage 67 km (Q67).

Bahadurabad

The observed data has been used for the analysis. For comparison, the computed water levels
at the station J85 have also been produced. The difference between observed and computed
water levels (J85) is very small in average, 0.06 m, but with a range from -0.36 m to 0.57
m for the annual average difference.

Chandanbaisa

The BWDB station 15J Mathurapara is located 3 kilometer upstream the test area
Chandanbaisa. After the finalization of the second order bench marks check a more accurate
zero datum of this station can be determined probably. Because only eight years of water
level data of this station are available, and to be consistent with the Flood Hydrology Study,
the calculated water levels of FAP 25/GM have been used.

Nakalia

The BWDB station Mathura (50.3) is located downstream the test area and the readings of
this station have been checked against the water levels in cross section J220. Although the
results of the two stations generally match well, this means only a small difference of 0.05
m in average, the differences in yearly average ranges from -0.70 to 0.65 m. The statistical
analysis of the observed data may be more accurate the computed data and may be used for
the engineering study.

4 FLOOD FREQUENCY ANALYSIS

With a frequency analysis of the available data the design water levels and the design
discharges have been established. For these analysis HYMOS software has been used. The
recommendations, which were made by FAP 25 for the selection of probability distributions,
have been used as guideline for this hydrologic study.

The maximum likelihood method has been used to estimate the parameters.

The 3 parameter log-normal distribution has been selected for the statistical analysis of the
maximum annual water levels, and the seasonal discharges. For the maximum annual
discharges, the Gumbel distribution has been selected. The design water levels for a selected
return period of 2, 5, 10, 25, 50 and 100 year are given for the cross sections near the test
areas in table A4-1.
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Station name HYMOS Return period
Code 2 5 | 10 | 25 50 100
Water level (in m)

KAMARJANI J63 21.60 22.01 22.25 22.52 22.71 22.89
BAHADURABAD J85 . 19.82 20.21 20.43 20.67 20.83 20.98
BAHADURABAD BWDB46.9L 19.78 20.04 20.20 20.42 20.57 20.72
CHANDAN. J118 16.78 17.18 17.43 17.71 17.91 18.11

NAKALIA J205 10.99 11.40 11.64 11.93 12.13 12.32
MATHURA BWDBS50_3 10.01 10.46 10.76 11.14 11.41 11.69

MATHURA J220 97T 10.13 10.38 10.71 10.96 11.22

Water level (in m PWD)

Table A4-1: Maximum water level for selected return periods

The design water levels should include a safety margin. Safety margins, accounting for the
effects of random morphological processes, for model errors, and the likely underestimation
of extreme events, due to the shortness of available records of observations, have been
proposed by FAP 25 / CAT team for the determination of the design water level.

Safety margins varying from 0.45 m for the 100 years maximum flood level to 0.30 m for
the 10 years maximum flood level were proposed for the major rivers. These safety margins
have to be added to the free board of the bank protections, accounting for wind set-up, wave
run-up and others possible safety factors.

From a frequency analysis of the calculated daily discharges during a period of 25 years the
magnitude of the discharges corresponding to a selected return period has been determined.
A Gumbel distribution has been fitted to the annual maximum discharges, see Figure A4-1.
From the graphs it can be seen that the Gumbel distribution fits very well the data points.

The design discharges for a selected return period of 2, 5, 10, 25, 50 and 100 year are given
for the test areas.

U

*J

Station name Return period
2 5 10 | 25 | 50 [ 100
Maximum discharge (in m3/s)

KAMARJANI 70251 82722 90979 | 101412| 109151 116834
BAHADURABAD 67621 79144 86774 96413| 103565| 110663
BAHADURABAD 64267 75670 83220 92759 99836 | 106861

NAKALIA 56435 64002 69012 75342 80038 84700

Table A4-2: Maximum discharge for selected return period
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Only one parameter, as the maximum discharge, is not necessarily sufficient to characterize
the flood discharge and the morphologic consequences of a flood discharge. As an alternative
parameter the mean discharge during the months July, August and September has been
chosen. For the station in Bahadurabad this parameter has been determined from the
calculated daily discharges during the 25 year period.

Station name Return period Type of
2 5 | 10 [ 25 | s0 | 100 Distribution
Mean maximum discharge (in m3/s)
BAHADURABAD 41966 47142 50467 54576 57581 60548 |Log normal
(BWDB 46.91) 41663 46983 50739 55768 59715 63825 |[EVT 2

EVT = Extreme value type 2

Table A4-3: Mean of 3 months maximum discharge
for a selected return period

A return period means that the considered event will be observed on an average n times in
a given period, in which n is equal to the given period divided by the return period. For a
good understanding of the hydrologic behaviour of the peak water level and the peak
discharge the relative meaning of a return period is essential, or more specific it means that
a return period of a flood depends on the parameters, which are chosen and on the selected
locations.

From the analysis it can be seen that in 1988 the maximum discharge had a return period of
100 year, but the maximum water level was not so extreme: a return period of only 60 years.
The selection of a return period of one parameter in one location is not sufficient to
characterize a hydrologic event as a typical design event. It is the reason why long-term
simulation with the regional models for the period 1965-1989 is advocated by FAP 25.
The statistical representativeness of the period 1965-1990 for the whole century has been
assessed by the Flood Hydrology Study and this analysis indicates that the period 1965-1989
can be considered to be typical for this century and so designs can be based on the statistical
analysis of output from this period.

5 LOW WATER ANALYSIS

A kind of a construction window has been defined by the number of days during which the
water level is below a certain level with a certain probability.

From the duration curve, the level not surpassed during periods of 60, 90, 120 and 180 days
can be extracted for the 10%, 50%, 90% frequencies. The 90% value for 90 days indicates
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that in 9 years of a period of 10 years, one can expect during at least 90 days per year a
water level below this value, see table A4-4 and also upper graph in Fig. A4-2. With this
date a construction window regarding the water level can be determined.

The small variations in the water level during the receding limb of the hydrograph in the dry
season are remarkable, therefore the differences between the 10%, 50 % and 90% water
level is relatively small. As soon as the monsoon period starts the variation in the water level
at a certain date increases from year to year.

|

Duration |Low Water Level (in m PWD) Date of occurence of
in the 90% low water level
days for the frequency Start date & End date &

10 % 50 % 90 % 90 % range 90 % range,
60 days 13.21 13.54 13.89 362 (351 - 13)] 93 (72-106)
90 days 13.48 13.81 14.19 347 (340 - 362)| 106 (86-114)
120 days 13.89 14.20 14.74 329 (318 -342) 112 (97 -127)
180 days 14.88 15.43 16.33| 300 (287 -307)| 149 (121 - 165)

Day number 1 = 1stJanuary

Table A4-4: Low water analysis at Bahadurabad (BWDB 46_9I)
6 SHORT WATER LEVEL RISE AND FALL ANALYSIS

Relatively short rises and falls in the water level can be observed in all water level stations
along the Jamuna river during the rising limb of the hydrograph, that is during the start of
the monsoon period, see for example Fig. A4-2.

The differences of water levels between 1, 2, 3, 5 and 7 sequential days (the gradients
"G1","G2","G3","G5","G7") have been computed with a frequency analysis from the daily
water levels in the 25 year period and the extreme positive and negative values for each day
of a year have been calculated.

The results of this analysis can be summarized as follows. From the graphs in Fig. A4-3, it
is seen that in these gradients per day of a year two different periods can be distinguished:

¥ From November to February the water level is changing very slowly with a few
centimeter per day without exception.
* And from April to October the water level can rise or fall suddenly with a few

decimeters per day.

During the rising limb of the hydrograph in April to October the positive gradient is 0.25 to
0.5 m per day. This celerity in rising waterlevels can be continued for an other day with a
total rise of 0.5 to 1.0 m. In a period of 5 sequential days the water level can rise with an
average celerity of 0.2 to 0.5 m per day.
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During the rising limb of the hydrograph the negative gradient is 0.1 to 0.25 m per day,
the celerity of the falling water level is continued for a second day and a third sequential day
with a total negative gradient of 0.3 to 0.75 m per period of 3 sequential days. For longer
periods the average celerity per day is reduced.

The variation in the results is very small between different locations along the Jamuna river.
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SIMPLIFIED HYDRAULIC MODELS

1 INTRODUCTION

The main objective of the FAP 22 - project is to indicate the viability of using recurrent (low
cost !) measures for a systematical narrowing of the Jamuna river or for diverting the flow
from sensitive spots (bank erosion). These measures focuss on diversion of flow and
sediment discharge (see Inception Report).

As a first step the measures have to be estimated on their ability to increase sedimentation
in the outer branches (near problem spots) and to divert the flow to the main channels of the
Jamuna River. This process should be initiated at important bifurcations (see figure 1).

Erosion

Screens

dm\ent DisChOrge
¢ 5, ¢+ S

Fig. 1: Typical problem spot.

Due to the great number of bifurcations and various dimensions (length, cross-sections) of
the branches the sensitivity analysis should possibly be done by using simplified hydraulic
models from which the sensitivity of various parameters (such as: water depth, discharge,
sediment transport, roughness, etc.) can be assessed easily.

The setup of these simplified hydraulic models will be done in steps in order to achieve some
basic understanding of the physical process in the various problem channels (indicated by
channel I in Fig. 1). The calibration and verification will be done with results of MIKE 11
computations.

The following steps are envisaged at this moment :

1. Consider channel 1, as a separate channel with constant discharge Q. The
sedimentation process due to a constant sediment supply AS has to be predicted.

FAP 21/22, INTERIM REPORT
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- The same procedure as step 1 with the difference that a constant flow discharge AQ
will be substracted from channel 1 while no supply of AS will take place. The
description of the sedimentation process should be the result.

3. Introduction of a time dependant Q(t) in channel 1, in such a way that water levels
at the entrance and the end of the channels should remain more or less constant.

Calibration to MIKE 11 results are necessary.

4. Combinations of AS supplies and AQ substractions in channel 1.

This report will describe the set up of the simplified model as described in step 1. The
physical background will be presented including the calibration and verification to MIKE 11

results.

2. SINGLE CHANNEL WITH CONSTANT As SUPPLY

In general the hydraulic and morphological process in a channel with constant discharge of
q (= Q/B) can be described with motion and continuity equations for both the water and
sediment discharges. Due to the relatively wide channels (B> > h) of the Jamuna river it is
justified to consider the hydraulic and morphological process per unit channel width.
According to these considerations the following equations (see also Fig. 2) have been

adopted:
6(h +
(i) Water Motion tu (?_i: + g ( & Bl . gi
(if)  Continuity 1 q = uh
(iify Sediment Motion s = au’ where (a, -
3 N . oz, bs
(iv) Continuity of Sediment : (1 - g) T + = = 0

The used symbols are as follows :

= flow velocity

= local water depth

= acceleration of gravity (=9.81 m/s?)
1 = water level slope

m - c

C = chezy - C roughness coefficient
s = sediment transport per unit width
A = specific mass = 1.65

& = porosity of sand (= 0.4)

z,= bottom level

gD,

(m/s)
(m)
(m/s?)
)

(m 1 .’2/ S)
(m?/s)
)

()

(m)

Note, that sediment motion is defined according to Engelund-Hansen.
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Fig. 2: Basic symbols

From the basic set of equations the following equations for bottom level changes and water
level changes have been derived :

8z, bz, &)
?‘_ ¥ CIJ 5% = G- €

B epla-2) =

¢ = Sp a, h‘(lq_ie) ( celerity term ) ™

¢ =1i- cg_::’ ( friction term ) @)

P = -——gz— ( deceleration term ) 9)
8~ % )

Under equilibrium conditions (for h = h,) it is clear that ¢, = 0, while the parameter ¢, can
be considered as a specific constant propagation celerity of a bed level disturbance. From the
equations it can be seen, that for bottom changes (h variable) the parameters c, and ¢, are
varying. Within a model as MIKE 11 these parameters are computed on each location. The
underlying report describes the simplification (or averaging) of these parameters for the
situation of a bottom level sedimentation due to a constant input of g, on a certain location
along the river (see Fig. 3).
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Fig. 3: Sedimentation due to a constant q, input

heq$

At time t = 0 the supply of sediment on location x = 0 starts. This means that the total
sediment load on this location instantaneously grows from s, to s, + q,. Due to the lower
sediment discharge capacity of the river (s,) the bottom level will rise, while the front of the
sedimentation propagates with celerity c.

In analogy with the basic Equation (5) the sedimentation process can mainly be described by
the following equation for the bottom level height z,(x,t) :
10
& + € E =R e
ot ox
in which R can be considered as a damping coefficient. The influence of this term will be
described.

The propagation celerity ¢ will not be constant, which clearly can be concluded from the
sediment balance of the bottom disturbance. From MIKE 11 results it has been observed that
the slope of the sedimentation can be assumed as a negative sloping front (see Fig. 3).
Assuming a time dependent celerity c (t) and bottom level height z, (0,t) = z the following
balance should hold (see Fig. 4):

q,.dt (11)

LAl B B
(1-¢9
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Fig. 4: Sediment Balance

A schematic presentation of Equation (11) is given in Fig. 5.

c(m /s)

—2z(m)

Fig. 5: Celerity as a function of the sedimentation height

From Fig. 5 it becomes clear, that the validity of Equation (11) concerns the phase, in which
the bottom level height z is less than a value z.. At this moment the celerity has been
decreased to a value c,, which can be considered as the equilibrium celerity defined by the
river characteristics. Actually the value of c, is given by (see Equation 7) :

g, (12)
£ (1 =8z

55, 1 (13)

TR T 9

The symbols in equations (12) and (13) are as follows:

¢. = equilibrium celerity (m/s)
g, = n s, = sediment supply related to the equilibrium transport s, (m*/s)
s. = a, (g/h,)’ = equilibrium transport (m?/s)
n = ratio q,/s, )
z, = equilibrium bottom level height (m)
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From Equations (12) and (13) the value of z_ should meet to :
S =~ B “4)
S(

The following assumptions have been made to solve the basic Equation (11) :

(1) the general solution is given by (see also Fig. 6):

azb

Ix (o,1) =a(t)

\
- o= X
Fig. 6: Typical front of the sedimentation

2, (xp)=z(t)(1- 2y (15)
X

£

16
(if) %(o,r)—a(:w(%)ﬂq =
From these assumptions it can be seen that for « = 1 the front of the sedimentation is linear.
However, from MIKE 11 results it has been observed that for high values of the sediment
supply (n> >1) the front is no longer linear. Therefore a variable o has been taken. The

gradient of the front on x = 0 has been assumed to behave according to Equation (16) in
which a, is the gradient of the front when z,(0,t) = z..

The analysis has been focussed on the calibration of the o and 3 parameters to the results of
MIKE 11.

According to Equations (15) and (16) the following should hold :

a7

b,
g(o,r)——a%a(r)
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while using Equation (15) for defining the gradient 6z,/6t and z,/86x and substituting them
into the basic equation (10) the following result has been obtained:

dz z X, dz z dr,
—_— = Y = T el e T mme
dr x X dt x, di

[ s

) =R

in which (see also Fig. 6) :

(18)

¢ = celerity of sedimentation front (Eq. 11 and Fig. 5) (m/s)
z = bottom level height on x = 0 (m)
X,= sedimentation length (m)
a = power of equation (15) (-)
q,= sediment input (= ns,) (m?/s)
x = distance from origin (m)
R = damping term (m/s)

From Equation (18) the meaning of the damping term R becomes clear, which has been
indicated in the following steps :

(i) Condition R = 0

This condition leads to the following equations (requirements):

dz z
1) — -a—=.c=0
()dt ax‘c

dz z dx,
) =, = =0
()a't x, dt

The second Equation leads to the condition that the slope of the bottom sedimentation (z/x,)
is constant, which is not in agreement with the observations from MIKE 11 and it does not
meet the requirement as specified with Equation (17). Therefore, this situation will not be
solved.

(i)  Condition R== 0

A solution of equation (18) could be according to the following approach:

dz z . x ,dz_z dx, _

=% cx}:.c Z(E ZE)

dz z X @l z dx, (19)
= - L Lo~ T E 2y

dt P R 5 Py Nt x:( dt x, dt )
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Assuming that :

Be(l=p helio=d %, 120)
X d

5

in which p, is a coefficient due to the damping, while a(t) is the slope of the sedimentation
front on x = 0 (see Fig. 6)

Considerations (19) and (20) lead to the following consequences for Equation (19) :

dz z x dz zdx, | da
= & Pl o O B —.ZZx)-0
& P T T xa e T

leading to :
dz z
= -palc=-0 21"
& Perre 1)
e z®  lda, 219
dt x_ dt o dr

Equation (21°) meets fully the requirement as specified with Equation (17). Now the final
solution for z(t) is specified with Equation (21%). Substitution of the boundary condition as
given with Equations (16) and (17) into Equation (21*) leads to the result :

dz (22)

ZC
v (?)‘f'.ac =0

This differential Equation can be solved by using the expression for the celerity ¢ as
presented in Fig. 5 :
q, (229

ool P — orz < z
C1l~= &)z f E

4,

_ - 22%
c Tz forz = z, (

The solution of the differential Equation (22) is :

' 234
(i) z:ze(%)m (forz < z,) (
iy z - AP (23%
(@) z=1¢2(1 2—+'ﬁ-(‘ ) (forz =z z,)
22(1-¢) (239

i) T, = -

(248 ).P.a_.q,

FAP 21/22, INTERIM REPORT



A5-9

23
.h (with:n:i) @)
5

P (239
O F=T)=rms

The calibration of these simplified results has been done by using MIKE 11 runs. The
calibration will be described in Section 3.

The justification of the assumption for the damping R as derived from Equation (20) will be
discussed briefly. As already indicated R should be approximated by :

_xda ., _ (24)
R = = (1-p,)ac

in which :

x = distance from origin (x = 0) (m)

a = power (to be fitted) (see Eq.15) -)

a = slope of front on x = 0 (see Eq.16) )

p.= coefficient (to be fitted) (-)

¢ = celerity of sedimentation front (m/s)

From the basic Equation (10) the actual sedimentation process has been described by :

b, &, (25)

comparing this result with the original motion equations (see Eq.5, 7 and 8), the following
conclusion can be drawn :

(26)
R = c.c

in which : ¢, = friction term  (-)

For ¢, the following result during the sedimentation process (see Fig. 3) can be assumed:

2 h
C-i-—3 -i{1-(=py
1 L th:‘(x,f) ,{ (h)}

(27)

in which h = local water depth (m)

From Equation (26) and (27) it might be concluded, that R (= damping) is partly
determined by the celerity c of the front and partly by a location (x or local h) depending
term. This conclusion agrees with the assumed damping function R as presented in Equation
(24).
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For having some insight in the magnitude of R, Equation (24) has been used to quantify the
result on x = x,and t = T_ using the expression for a(t) as given with Equation (16) as well
as the results for z(t) given with Equation (23"). Moreover, the celerity should have reached
the equilibrium celerity ¢, (see Equation (13)) on t = T..

From these considerations the following results has been obtained for R(x,,T,):

(28)
R(x,T,)=c (1-p,-8)

Assuming that :

R(x,,t)zc,(lfpafﬁ)(%)' )

in which 1 = a certain power (-)

it can be concluded that R - 0 under the condition that p, = 1 - 3, which should satisfy the
situation of equilibrium for x = x

At this moment it is concluded, that the assumed expression for the damping R is sufficiently
justified. However, it should be kept in mind that a further elaboration of the expression R

during future developments of the simplified models might be necessary.

The following section is completely devoted to the calibration of the parameters «, 8 (see
Equations 15 and 16) and p,.

3. CALIBRATION OF THE SIMPLIFIED MODEL

The most important characteristics for the calibration of the simplified model are :

T. = a morphologic time (Eq. 23°) (years)
a. = slope of the frontont = T, )

x, = length of sedimentation (km)
b =dz/dtont =T, (m/yr)

These parameters have been collected from MIKE 11 runs from output as given in the
Fig. 7 and 8. The collection of these parameters could be done easily knowing that

. n
Ze - g ht
in which z, = equilibrium bottom level height at x = 0 (m)
or Ze = Zb(O!T:) (m)
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From the output as given in Fig. 7 it was easy to define b and T,, while from the output
as given in Fig. 8 a_ and x, were approximated. The final results have been collected in

Table 1.
RIVER 2 50.000

Bottom level m
INPUT DATA
7.00 3 =
q = 26m/s B ) E =
= 0 8.50—- =
i = 7x10°® B0 3 b=045m /yr7 =
¢ = son’s T 6.003 -~ =
PA—— 5.503 P _ =
-4 2 5003 ~ £ =
Qg= 37x 10 m/s = / " =
_ 4.50 3 — =
Se= 0.68xI0 ‘m7/s popmend). / N E
Dso= 0.2 mm 8.50 3 [ =
19 20 21 22
I
t (Years ) Te = 3.4 Years
Fig. 7: Determination of b and T,
Sz INPUT DATA
< ‘§-§§ ——————
o g,g 9 = 26ms
& i = 7x107%
el 4 C = 60 mPYs
n = 5'44
i 9% = 37x fo'"mzfs
S¢ = 0.68x10m%s

0.2mm

X¢= 40 km

—= X (km)

50 000 8800 WO 000 m

Fig. 8: Determination of a, and X,
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INPUT: C = 60 m*/s, i = 7*10°* MIKE 11 OUTPUT CALIBRATION
Case | h(m) | q(m/s) | s(m%s) n(-)" Z(m)™ T.n a,(10°%) x,(km) | b(m/yr) o B P,
1 5.1 5.8 2.7 1.37 1.4 1.6 -3.7 41 0.32 1.08 | 0.73 0.62
2 5.1 5.8 2.7 4.11 4.2 21 -10.3 57 0.90 1.40 | 0.22 0.63
3 3.0 26 0.68 5.44 3.3 34 -13.0 40 0.45 1.58 | 0.16 0.58
4 3.0 2.6 0.68 7.35 4.41 3.45 -17.0 45 0.60 1.74 | 0.13 0.59
5 4.0 4.0 1.40 2.64 2.1 2.2 6.3 42 0.40 1.26 | 0.39 0.69
6 7.0 9.3 5.63 0.66 0.92 1.45 -1.7°) >507) 0.189) -9 1.5 0.51°9)
7 8.0 11.4 8.0 0.46 0.74 1.25 -1.1%) >50) 0.14) -9 22X 0.500)

s. values in 10* m%/s
n = qy/s
Y L =Sk
X, > boundary length of computer program. Result probably influenced by boundary
conditions in MIKE 11

Table 1 : Calibration of simplified model

According to Equation (30) the results of 8 have been computed from the MIKE 11 runs as follows:

Z, (30)

The results of this exercise have been listed in Table 1 in the row of the calibration.
The results for B indicates a relation between B and n as follows:

g- 3% (30)

The fitted values of B can be compared to the computed values of B as given by Equation (31) in Table
2. The results show a very good agreement for Equation (31).

The next step in the calibration is to find a relation for a, . The following relation has been assumed
for a, :

(32)
in which :

v = a co-efficient to be fitted
1 = natural water level slope
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The results of - has also been listed in Table 2. From these findings it may be concluded that
a good approximation for v is given by :

(33)
y = - 0.35
Calibration
Case n (-) B (Table 1) B =1/n ¥
1 1.37 0.73 0.73 - 0.38
2 4.11 0.22 0.24 - 0.36
3 5.44 0.16 0.18 -0.34
4 7.35 0.13 0.14 -0.33
5 2.64 0.39 0.38 -0.34
6 0.66 15 1.52 -0.37
7 0.46 2.2 2.17 -0.34

Table 2 : Calibration of  and v

The next step in the calibration is the determination of the co-efficient p,. From Equation
(23°) it can be derived that p, should meet the following Equation :

2Z2(1-¢) (34)

Pe= " 2+ BY T axq,

Substitution of n = q,/s, and the values as specified for B and a, from MIKE 11 runs (see
Table 1) the following result has been obtained with substitution of € = 0.4, as this was used
in MIKE 11 computations :

0.6nh? (35)

Fa=" 255 (24 B ) T:a

The computed values have been presented in Table 1. The conclusion is that p, is a rather
constant value not depending on n. A good approximation is given by :

(36)
p, = 0.6

Note that, some higher deviations from this value seem to occur for small n values. These
deviations might be caused by the fact that, the sedimentation length as computed with MIKE
11 has passed the downstream boundary. The boundary conditions are supposed to influence
the final results. So, the results of the cases 6 and 7 (see Table 1) should be treated with
some care.
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The last parameter, that should be fitted is the power «, which is determining for the shape
of the sedimentation (see Equation 15). The value of « has been determined by using
Equation (17), from which it can be derived that:

(37

Using the results of a_ and x, as determined from the MIKE 11 runs (see Table 1) the « value
could be calculated for each case. The results for o have also been collected in Table 1.
Clearly it can be observed that a depends on n. Figure 9 presents the values of « plotted
against n. A good result for a should be:

(38)
a=+(1+0.1n)

« Determined from MIKE Il

o =1+0.1n

0.5 |-

00 L 11 1 il 1 1 1 1
10 20 30 40 50 &0 70 8.0
—— n (=)

Fig. 9: « versus n
However, the a power seems also to depend on the porosity &. A first indication has been
obtained from one calculation. The calculated case is comparable to the case 4 as given in
Table 1 with the only difference that & = 0. The results of MIKE 11 showed that z, =
(n/S) h = 4.41 m has been reached at :
T, = 3.3 year, which totally agrees to Equation (23°)

and

X, = 28 km
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From the result for x, for this specific case it is concluded that the effect of & should be
included in the relation for « as follows :
P 0.6 (39)

o = (1+0ln)=—_(1+ 0.1n)
1-¢ 1=&

Now all the parameters have been calibrated resulting in the following set of Equations to
compute the sedimentation in a river with constant discharge q as a result of a sediment

supply g, :

3

g-Chli? (m*/s) (40)
0.05 q s 2
L= L) (m*/s) 41
’ Ax/gc* D, h @b
g, = ns, (m*/s) (42)
z,z%hz (m) (43)
o, 1 K (1-¢)
T, 55 o1 (s) (44)
n
1 = water level slope in equilibrium situation )
L.
z=z,,(0.r)=2,(%)2 * (forz <z,) (m) “3)
TP
z=z,,(o,t)=z,{l+;n++i(%—l)}l P (forz=2z) (m) (45)
g (%) =2 (1- 2 (m) @7
a=(1+0.1n). 0.4 (-) (48)
I =€
o 5.3, 2% (49)
I,:m(z) (h_) -h, (m)

The Figures 10 and 11 present the dimensionless results of z/h, and x/h, as a function of

These figures will be the final key figures, from which a sensitivity analysis can be done
easily.
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Fig. 12 presents the results of z, (0,t) from the 7 cases as computed with MIKE 11 compared
to the results of the simplified model. The agreement between MIKE 11 results and the
simplified model results are evident due to the calibration to these cases.

Therefore a verification has been made for a total different situation (flood condition !). This
situation can be described with the following input parameters:

q = 34 m’s

h, = 15m

¢ = J0:m™

s, = 5.14*%10 m¥s
n =gq,/s, =2

The results for z, (0,t) have been presented in Figure 13, from which the prediction value
of the simplified model is evident. The small differences can possibly be caused by some
instabilities in MIKE II due to the sudden step (s, to q, + s.) in the sediment transport.

From the simplified model the following for T, was determined :

T, = 0.906 year

consequently x, = 147 km

Which is also in good agreement with the results of MIKE 11. This can be observed from
Figure 14 showing the sedimentation after 1 year. This Figure shows a sedimentation length

x, = 140 km.

The final conclusion is, that the simplified model is a good first step to provide graphs, from
which a sensitivity analysis for closing branches of the Jamuna river could be done easily.

Looking forward to the changing water level conditions in the Jamuna river during a year
a first trial for the sedimentation process is given as follows.

Assuming that the water level changes are faster than the sedimentation height changes
{z, (0,1)}, the results of the present simplified model can possibly already serve as a tool.

FAP 21/22, INTERIM REPORT



AS - 17

00-S 00t 00:-€
oo.o Lt 1 1 1 1 1 1.1 N Y S N N VA N (N |
] S-0=N
Ol =N
— n-ﬂ' z

00~} -

\d\.-N\n".lml

ysz

z/h, versus t/T,

Fig. 10

1 %/%b|= N 1
1 A
oo.m 1T 17T 017 171 | L | 7T 7T 1T 7 17T 1 077 T 17T 177 LI | L LI T 1 (R | | LI T 17 1T 1 | | F 1T 1 oo.m
00 G Q0-¢ 00-¢ 00-2 00-} 00:-0

FAP 21/22, INTERIM REPORT



Xs /he

X,fl+0.ln(t)1:;,lr !

= e = <
3 175 T, i
x 1+ 0.1n n+1 t t
l = - - =B
h, 1.75i { 2n+1(Te )} Tz_l
%] 1 2 14 4 5
4@@@@ o ki ) Lopp e ey x Leg 1 PG ¥ CESA G F @ SN P 4@@8@
30000 - -30000
| es+sn=0.5 :
| ceeson=1.0 -
4 ~—=——na=1.5
- n=2.9 -
$66400=3.0 |
7| eeeeen=4.0 B
- #gEEsn=5.0 i
20000 -20000
10000 — 10000
®_1111111r| 'O e T e R A R B N AL EE LR %)
Q 1] 2l 2 4 5
t/Te

Fig. 11:  x/h, versus t/T,
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Fig. 12: Calibration results for z, (o,t)
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From Equations (40), (41) & (44) the following result can be derived :

1

m (s) (50)

3.184°7 D 1 - :
Jg a1 ) - i
CHs (2% )
n

T, - A

With A =

According to the Equations (45) and (46) the following results for the sedimentation height
can be derived :

1

/h . [n 52
2, (o) = 0.2nh, (Yl 477 for Y% 4 <1 B2)
A A

1
| h e I | h 53
2, (o) =02k, {1+ Pt (1% yy''s for X = 51 &P
2n + 1 A A

Note, that Equations (52) and (53) only can hold under the condition that the effectivity of
measures (bandals, vanes, etc.) is given by a constant n value. This actually indicates that
the effectivity of a measure is directly related to the sediment load as transported by the
river, which might be supposed but verified !

When h, is supposed to be time dependent according to the hydrographs from the Jamuna
river, expressions (52) and (53) might give a first insight in the sedimentation process. The
validation of Equations (52) and (53) will be done at a later stage of the project.

Note that, with expressions (50) and (51) an easy calculation of T, is possible for Jamuna
conditions (C = 60m'%/s, i = 7*10°, Dy, = 2mm):

12n 1
o B2 o o,
= = J.h_ ( years ) (54)

4. WATER LEVEL CHANGES AND UPSTREAM BOUNDARIES

As described in Section 2 the bottom level changes (see Equation 10) is a rather independent
process and mainly based on the conservation of mass consideration for the sediment. This
especially holds for the present situation of a constant discharge during the sedimentation.
It might be supposed that the influence of a rather stable water level at bifurcation points
might influence the process as described in Section 2.
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However, at this moment it should be important to understand the relation between bottom
level changes and water level changes in order to assume a varying (decreasing) discharge
in the river branches to be closed. As a first step to assess the influence of a varying
(decreasing) discharge reference is made to Fig. 7. Supposing that the specific morphological
time scale T, is directly related to the discharge q(t), it might be concluded that T, will
decrease with decreasing discharge q(t) resulting in a faster process for the sedimentation
height z, (0,t). These considerations will be checked and verified at a later stage of the
project.

From the basic Equation (6) it might be concluded that the gradient of the water level can
be calculated according to :

d(h+z) (55)
— =
in which c, is a friction term depending on the slope i of the river and local water depth h

as follows :

h (56)
Cu=f{l-(-5(—;—r—)-)’}
Assuming a mean value of ¢, between x = 0 and x = x, (length of sedimentation), the result

of Equation (55) can be approximated by :

(57)
h+z, =cx+K
with the boundary conditions on x = x, (see Fig. 3), that :
h = hc a.nd Zb — 0
and thus :
(58)
h, = c.x, + K
resulting in :
(59)
K=h -c.x
Substitution of this result in Equation (57) leads to :
(60)

Abk(xp)=h({xp)+ g (xp)y=h =8 (x=x)

With the result for x, as given with Equation (17) this results in :

61

Ah(xt)=T (x+ Z2) (el
a
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Which results on x = 0 in :

Ah(or)-allz (or) (62)
a

The description of the parameters has already been described extensively in Section 3. With
the derivation of Equation (62) it is only indicated that a direct relation between Ah(0,t) and
z,(0,t) holds. Knowing this, the following consideration has been made.

When the sedimentation process starts, the water level is supposed to be stable until sufficient
water depth h (0,t) is present to transport the total sediment load s, + g,. From that moment
the water level is supposed to rise according to the bottom level rise, resulting in :

Ah(ot)=Ah,=z+h,-h =2z-2 (63)
in which h, is computed from the sediment transport Equation (3) in such a way that the

following result for h, should hold:

s,*q,-a (=) (64)

o

or, with g, = ns

(<

h
(ﬂ+1)se=a’(hit)s(h_:)5 (65)
h
or (.-a+[)sr:s((h_‘)5 (66)

o

from which finally the following result has been obtained:

R 1 (67)
R (neiye
z,=h -h-(1-—1 _yp (68)

(n+l)t)‘2

The time T, at which z, will occur can consequently be determined from Equation (45),
according to :

Za (E)‘ Ly = (69J
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The result for Ah, should now be :
Ah =z—2 Jor t > T, (70)
Ah, =0 for 1 =T, (71)

The verification of Equation (70) has been made by collecting Ah, values and z,(o,t) from
the MIKE 11 runs fort > T,.

The results have been presented in Table 3. Also the values of z, as specified with Equation
(68) have been taken up in table 3. The computed values of Ah, according to Equation (70)
show very good agreement with the observed values from the MIKE 11 runs. This result
justifies the process as described in this Section and especially the Ah, Equation as presented
with Equations (70) and (71). As a final remark reference is made to Figure 15 presenting
a MIKE 11 result for Ah(x,t) as being done for case 4 (see also Table 1).

INPUT MIKE-11 RESULT CALIBRATION

Case n Ah, ? z (m) ? z, (m) Ah, (m)
1 1.37 0.8 1.6 0.81 0.79
2 4.11 2.8 4.3 1.42 2.88
3 5.44 1.74 2.6 0.93 1.67
4 7.35 2.45 3.50 1.04 2.46
5 2.64 1.16 2.00 0.91 1.09

6 0.66 0.42 1.02 0.67 0.35™

7 0.46 0.47 0.85 0.58 0.27™

*) Data collected for t = 2 years
**) Sedimentation length x, passed downstream boundary.

Table 3 : Calibration on water levels

As a final conclusion it can be assumed, that the effects of the distance between the upstream
boundary and sediment input location are neglectible regarding the sedimentation process and
water level elevations. This is clearly shown in the Figures 16 - 19 presenting the MIKE 11
results of case 1 (see Table 1) on water levels and bottom levels for two situations:

1. The sediment input takes place at a distance of 50 km downstream of the upper
boundary.

2 The sediment inputs takes place at a distance of 20 km downstream of the upper
boundary.
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Comparing Fig. 16 with Fig. 17 for water levels and Fig. 18 with Fig. 19 for bottom levels,
the following conclusion might be drawn :

The water level changes and shape of the sedimentation downstream the location of sediment
input g, are not depending on the location of the upstream boundary. Note that the upstream
boundary condition in MIKE 11 should meet the condition, that the sediment transport equals
the equilibrium sediment discharge s, as carried by the river. This condition leads also to the
more pronounced water level rises at the upstream boundary in the second situation.

This conclusion might be very helpful to describe the sedimentation process, when a sediment
input takes place at a bifurcation point.

From the conclusion that the sedimentation is not depending on the location of the upstream

boundary, it seems to be justified to suppose that, the upstream slope of the sedimentation
is according to the natural angle of repose (ca. 1:3).
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5. SOME FUTURE DEVELOPMENTS

At this moment of the development of the simplified model, the starting position is the
sediment process in a river with constant discharge. At bifurcation points this will not be an
actual situation. Therefore the influence of a varying discharge (actually decreasing in the
branch to be closed ) has to be considered.

Looking forward to solve this problem the following will be considered :
) the sedimentation process due to a sediment input g, in a branch to be closed can be
described with the Equations as presented for a constant discharge. This process can

only hold for the time t < T, (see Eq. 69)

2. after this time t = T, the water level on x = 0, (location of sediment input) leads to
the following condition on x = 0, related to the continuity requirement:

dq=
dr

du dz (72)
h,-z) 2 - u 8
U —E) dr ! dr
Neglecting the acceleration term and assuming that, u remains constant aftert = T,

and that on t = T, the local water depth is equal to h, (see Eq. 67), the following
result has been obtained :

L N TR T .
dt h, dt h, dt ‘
3. The last assumption will be that dq/dt remains constant right from the beginning of

the process (indicated by a first calculation with MIKE 11 on a bifurcation point)
These conditions enable as a first step to describe the sedimentation in a branch to be closed.

The used symbols are :

q. = initial equilibrium discharge (m?/s)
h, = initial equilibrium water depth (m)

z = bottom level on x = 0 (m)

u = water velocity on x = 0 (m/s)
n = q/s, = ratio between sediment input

and initial bottom transport -)
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To solve this problem the important time T, has to be determined, which has been done with
Equation (43), (68) and (69) resulting in :

T 5 1 3l (74)
L=l (= — = =
Fe 3o oy

To have some impression in the ratio m = T,/T, reference is made to Fig. 20 presenting
m = f(n) according to :

2&-_1 (75)
m={2(1-__L )y

n (n+ 1)
1.0 } n m
0.9 F

s e | Q.1 0.5
0.7 } 0.5 Q.37
0.6Ff m=0.55 (n=0)
0.5 1 0.27
0.4 2| OAT
0.3}
0.2} 3 0.12
0.1}
0.0 1 1 1 L M I 1 4 o 09

1 2 3 4 5 6 T 5 OOT

Fig. 20: m versus n

From Equation (45) it is possible to determine the gradient dz/dt on t = T, resulting in :

_on+l
_d_z= Ze (E) m'_l (76)
&SI T
n
or
d 5 - an
%:%.m EI‘TfZ" a (t=T,)

According to the third consideration the bottom level at x = 0 should rise linearly according
to :

(78)
z:za(I_Ta)+Za

While the discharge in the branch to be closed should decrease according to (see Eq. 73):

79
q=q'-%(n+l)"".za.z (79)

€
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Fig. 21: Discharge as a function of time

The results of Equations (78) and (79) should be verified. A first impression, however, can
already be presented from a MIKE 11 run. This run considered a situation of a bifurcation
point in such a way that, a certain amount of sediment (q, = As/B) is subtracted from
channel 1 just downstream the bifurcation. This q, has been added to the channel to be
closed. The two channels had dimensions in such a way that, the situation in the channel with
the sediment input q, is totally comparable to case 1 as presented in Table 1. The most
important parameters for the channel to be closed, are :

s, = 2.7%10* m¥/s

q. = 5.8 m?¥s
h, =5.1 m
C =60 m's
i = 7%y

n =gq,/s, = 1.37 and thus : m = 0.224

According to Equation (44) the following result for T, has been obtained :
T, = 1.82 year

Using Equation (77) the following result for z, has been obtained:

z, = 0.26 h/T, = 0.73 m/year

Substitution of this result in Equation (73) leads to :

29 = 1

m? | s | year
dt #

Knowing that the actual width of the branch is B = 2700 m and Q, = 15625 m?s, the
process for Q(t) is as follows :
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Q = 15625 - 2700 T (m®/s) (80)

with t in years.

The result of Equation (80) has been compared to the result of the MIKE 11 calculation as

presented in Figure 20. As a first conclusion the result seems to be in good agreement with

the process described. The predicted value of dq/dt seems to be too low according to the

assumptions. Three reasons can be given for this smaller gradient :

1. The MIKE 11 situation represents a situation with a substraction of g, in the other
branch, which might affect a bigger decrease of q in the branch to be observed.

2 In the considerations for describing the sedimentation process with decreasing q(t) it
has been assumed, that the process equals the situation with constant discharge q.
between t = 0 and t = T, . This time should be probably smaller than assumed.
When for the considered case a time t = 0.7 T, was assumed, the decrease of q(t)
is exactly the same as computed with MIKE 11.

3. A third reason can be the reduction of the damping R (see Section 2, Equation 24),
which might result in an increased p, co-efficient and consequently in a reduction of
T, (see Eq. 23). When p, = 0.8 (instead of 0.6 for constant discharge), the result of
q(t) is comparable to the MIKE 11 result (see Figure 21).

In the next phase of the project the process describing the situation with varying discharges
will be verified and, if necessary, calibrated.

Another step in the future developments is a further elaboration of the considerations for
describing the sedimentation under varying water levels (hydrographs!) as indicated at the
end of Section 3. However, when a water level is falling and a sedimentation height is
already present the effect of flow diversion to the other branch (or part) of the Jamuna river
as has been indicated in this Section should be included.

Finally, the whole procedure, as presented in this report to describe the sedimentation as
result of a sediment input q, due to the measures on the bifurcations, should be repeated for
the consequences of subtracting a water discharge Aq from the branches to be closed.
However, it is expected that this process is very similar to the process of sedimentation input.

Depending on time, a combination of sediment input and water substraction will be treated
aiming at achieving an impression, whether (low cost) alternative measures (as bandals,

vanes, etc.) are able to change the character of the Jamuna river.

As a final conclusion it is noticed that the first result of the simplified methodology to tackle
the physical processes of the Jamuna river are very encouraging!
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1 INTRODUCTION

Within the framework of the Bank Protection and River Training (AFPM) Pilot project,
FAP 21/22, which is a component of the Bangladesh Flood Action Plan, a test rig will be
constructed as an universal test facility to study the stability of filter and toplayers
constructions.

In general a bank protection consists of a tippler on a filter, which is placed on a subsoil
of erodible material. A filter can be made of granular layers of different materials and/or
of a geotextile. Nowadays many different types of geotextiles have been developed and
these can be used as an alternative for a granular filter.

An adequately designed filter should fulfill several conditions, for example:

- A filter should be almost impermeable for the penetration of material of one layer
into another layer.

- A filter should have sufficient permeability for groundwater flow to prevent too
high lift forces on an almost impermeable top layer.

- The granular layers of a filter should have a minimum thickness and this granular
material should fulfill the conditions for internal stability, to guarantee the layer
will function at every place of the bank protection.

Whether a proposed filter fulfills these conditions, can be tested in a specially designed
test rig.

2 FUNCTIONAL DESIGN OF THE TEST RIG

A functional design of a test rig in the hydraulic laboratory of BUET has been made. For
the selection of this location the following criteria have been considered:

The test rig will be placed in a hall, in which an area of 10 m * 4 m with a free height
of 3.5 m is available. Preferably this hall has a strong concrete floor, to save the
construction of a special foundation for the test rig.

At a short distance from the test rig some supporting facilities, as some office rooms and
a simple mechanical workshop, will facilitate the operation of the test rig much.

In the hall an electricity connection is available to run a pump, for light and electric tools.
Of cause normal water supply is available.

It can be an advantage if a truck can park near the test rig, to unload building materials
and equipment. Near the selected location only a small car can park, however this is not a
severe limitation. The selected location fulfills all other conditions.
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A test rig is composed of the following main elements:

- test section with connections for piezometric tubes,

- outflow section with a weir to measure the discharge, and with a facility to collect
sediment,

- inflow section with an overflow gate,

- water reservoir,

- pump and connecting pipes.

Contrary to the preliminary design of the test rig, this functional design the test rig in
BUET does not have a closed water circulation. That means the test rig is connected to
the existing underground water reservoir, which is shared with the existing test facilities
in the hydraulic laboratory.

Some details of this functional design are elaborated in the following:

Test section

The width of the test section is 1.1 m, because of:

- the minimum required working space to build in a filter with tippler in the test
section,

- the required reduction of the disturbing influence by the boundaries of the build in
filter with tippler, for example leakage along the glas wall or the unequal
settlement along the glas wall.

The height of the test section is about 1.5 m. Some examples of built in test constructions
can be found in figure 5.

The minimum length of the test section is 1 m, selected is 2 m. The test section will be
made of steel plates reinforced by a steel frame of bars.

The inflow and outflow side of the test section can be made of a removable steel frame
with a permeable gauze or a geotextile to allow the groundwater flow and to prevent
transport of particles from the subsoil, filter layers and tippler.

In the back wall and in the bottom of the test section a big number of connections for the
plastic pivot tubes are designed. The free water level in plastic tubes will be read to
determine the pressures in the subsoil or in the filterlayers. In general about 30 tubes will
. be sufficient for one test. At the back side of the outflow section a wooden board is
designed to which these tubes can be attached with an interval of about 0.05 m.

The maximum discharge Q through the test section is based on a maximum flow velocity
of 0.20 m/s, a width of the test section = 1.1 m and a water depth = 1 m:

Quax = 0.20*%0.4 *1.1 *1 = 0.088 m?/s

In this estimation a porosity of 0.4 is assumed. The pump should have a capacity of 0.100
m?/s.
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Outflow section

A water level range of about 1.0 m is selected with a maximum water level between 1.7

and 2 m and a minimum water level at 0.7 to 1.0 m above the bottom of the test
section. The water level can be varied by an overflow weir.

The minimum water depth of 0.7 m in the test section and the outflow section should be
emptied by gravity in case of a power failure. Therefore an outflow pipe with a valve will
be placed in a side wall of the outflow section and also in the inflow section. The
diameter of the steel or plastic pipe should be about 0.1 m.

The outflow section should be made of steel plates reinforced by a frame of steel bars.
This structure is placed on a 0.4 m high foundation of brick work, which is build on the
existing concrete floor. Upstream of the weir some brick work is designed to facilitate
entering the outflow section. Therefore also a steel step is designed at the inside of the
outflow section.

The discharge can be measured with a standardized V-shaped weir, which is part of the
gate. The maximum discharge measured by the weir is 0.090 m¥/s.

During the preparation of a test the outflow section will be filled with water through a
perforated filling pipe with a diameter of about 0.1 m. In the outflow section this steel or
plastic pipe needs one or two supports.

During a test the sediment, which is transported from the subsoil or filter layers in the
test section, can be observed through a window and the transported sediment can be
collected in a simple sediment trap. Generally only small amounts of sediment will be
trapped and the sediment can be collected by syphoning. Therefore a connection will be
made through the front wall. The sediment will be collected in a basket. A more
sophisticated method is to use an electric suction pump to guarantee that the suction
velocity is equal to the flow velocity.

It is mentioned that only in some special test types this sediment transport has to be
measured. Therefore this sediment trap can be considered as an optional facility, that can
be built in later if required.

A moveable bridge or ladder, which crosses the test section and / or the outflow section,
will be useful for taking photographs during a test.

Inflow section

In the inflow section the pressure of the water, which enters the test section, depends on
the water level in the inflow section. This water level is regulated by a free overflow
gate. The vertical gate has a range of about 1 m at least and the width of the moveable
overflow section can be reduced from the total width of 1.1 m to 0.6 m. If a maximum
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overflow discharge of 0.070 m*/s is assumed the height of the water level above the crest
is about 0.15 to 0.20 m. The aeration of the overflow will be no problem.

The length is 1 m and the width is the same as the width of the test section, 1.1 m. The
height of the water level is maximum 2 m above bottom of the test section. This allows
maximum gradients in the test section of about 1.

The inflow section will be made of steel plates reinforced by a steel frame of bares. This
steel structure is placed on the existing concrete floor. The details of the gate have to be
determined. Some leakage can be accepted.

The separation between the inflow section and the test section can be made by a gauze,
geotextile or impermeable parts, depending on the test. These elements are placed in a
frame, which can be removed from the filter box.

The filling pipe from the pump enters the inflow section through a back wall. The end of
this steel or plastic pipe with an diameter of about 0.1 m, is perforated to limit the
turbulence in the inflow section. The excess pump discharge returns as a free overall
discharge back to the reservoir. To allow some fluctuations in the pump discharge the
free water level area should not be too small: 1 * 1.1 m?.. The water level in the inflow
section is read from the scale, which is behind or attached to a separate, vertical glas
tube, in which these turbulent fluctuations will be damped strongly. A ladder of the
indicated steel steps is required to make the readings, if the water level is high. As an
additional facility a lamp should light this scale.

Reservoir
The reservoir should have an effective storage capacity equal to the volume of water in
the inflow section, test section and the outflow section: 4 * 1.1 * 1.1 = 4.9 m3.

A condition is that all the water in the test section can be drained by gravity, that means
the reservoir should be below the test section.

This reservoir has two connections with the outflow section (e.g. the overflow from the
weir, and the drain pipe in the sediment trap) and also two connections with inflow
section; (e.g. the excess pump discharge returns via the free overall gate to the reservoir,
and a drain pipe). And through the suction pipe of the pump water is pumped from the
reservoir.

The maximum level is 1.5 m above the bottom of the reservoir and the minimum level is
estimated at 0.75 m above the bottom level, since no separate stump has been designed
for the suction pipe of the pump to prevent air suction. This means that the effective
height of the reservoir is 0.75 m and the effective storage capacity is 14 to 15 m?, which
is much more than the minimum required storage capacity of around 5 m®.

The end of the suction pipe has a special shape to prevent the suction of air.
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Pump
The maximum discharge of the pump is 0.100 m?*/s and the head difference is only 3 to 4
m. A first estimate of the required capacity of the pump is 8 kW.

The type of the pump will be determined later and it is possible to select two smaller
pumps in parallel instead of one bigger pump. The pump should be located near to the
reservoir, because the length of the suction pipe should be short. In the reservoir possibly
a support of the suction pipe will be necessary to prevent vibrations. The selected location
of the pump in the drawings can be shifted over a small distance, if required.

The diameter of the suction pipe and the pressure pipe is about 0.1 m.
A generator to guarantee an uninterrupted power supply to the pump, is considered as
optional.

3 CONSTRUCTION MATERIALS AND EQUIPMENT

In the preliminary design the following materials have been used:
- reinforced concrete, bricks and cement,

- steel plates, steel frames, steel bars,

- plastic tubes, glas tubes,

- steel or plastic pipes, special end of suction pipe,

- glas windows, which are about 1.5 c¢cm thick,

- different types of gauze, geotextiles,

- wooden bars, plate,

- silicone kit to prevent leakages,

- brick and mortar for the foundation and outflow channels,
- concrete slab for the apron to make the readings,

- miscellaneous small materials.

The following equipment will be needed:

- a standard V-shaped weir,

- a electric pump, electric connection line,

- three valves,

- two scales, to be attached near the glas tubes,
- two ladders,

- some lights, electric wire and some baskets,

- a balance,

- optionally a generator.

It seems to be that all these materials and the majority of the equipment can be purchased

in Bangladesh, therefore no major delay due to the importation of goods from abroad is to
be expected.
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ANNEX 8

SUBSOIL INVESTIGATION RESULTS
(INCOMPETE)

FAP 21/22, INTERIM REPORT
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10
Loose grey, sllfy
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= SUMMARY OF LAB. TEST RESULTS
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SAND with silt,trace o S —
(S.H] mica 3 m
6
5 +
2 [ 722,00 T9l21 |—
1
Very loose to loose ,
SAND trace silt \LJE
trace mica( S M) \i“ P .
1o Medium dense, grey, / i
4 silty SAND ___ : P =
tracemica (S M) 12
{ | .
Medium dense, grey, sl !
SAND, littie silt.trace 1‘{
T (sW™) i o £ i ol |9 |-
15 I~ | B 7/ |
29 &
/7 m 89| 1l
i, . Te
: === T
Medium dense to
dense, grey, slity Q|17 7 gs| 12| -
" oY
20 SAND. frace mica ' N :
1 (s M) : ly27
iia iz
- '-'- 2
/’ X
25 ’.:. EEJET m
30
35
40,
LEGEND [l Undisturbed Sample from Test Pit T.A Triaxial shear test
Sand EZ7Z Disturbed Sample from Bore hole U. C. Unconfined Compression test
C Lay Il vUndisturbed Sample from Bore hole
Sl WORKS EXECUTED BY FOUNDATION CONSULTANTS LTD.
FAP-21/22

BANK PROTECTION AND RIVER TRAINING/
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METHOD OF BORING @ WASH
BORE HOLE NO. DIA OF BORING .gomm.
LOCATION ° KAMARJANI GA—4 DATE OF EXECUTION 4-5 to 5-5-92
= SUMMARY OF LAB. TEST RESULTS
— = STANDARD GWT | 2 T a8 ™% [Loamies] %° sHEAR  [comsoumarion
e . PENETRATION TEST = |E |lwilimrs DISTRIBUTION CHARACTE CHARACTERISTICS|
» [VISUAL CLASSIFICATION OF o RESULT S s |z = T
z «l> 2 .
§ soiL S - VEAGEE 5 z SQE;LL " f’; 1’53 g - E wonRyk o |eo|ce qu
£ = “ & 128 kt/m¥t/m] © | & | © .".."Mn?\l” (t/m)
VGL- 10 20 30 40 50
AT T T T b d : -1 . T
4 SAND with _silt, trace _ | \ E’d T2 )28
mica (S M )"
[mieet ) \ 3z —bi_-_ 1 1 el S o .
| S R e ! L G {raw! (| -
5 > 10
loose to medium dense, | '/ | 742
_%\:Shh__au_v_._:ur_y_ S 3 1T 4 ﬂ A [N (o) It L [
.jrace mica | 5 -
(‘SM) y 7z s . 8515
B i 155 ‘LLZ A ji e A r _ . _4.w.__78_,_ 221 -
N | Eq T
29 Iz !
0 Medium dense, brownish
| grey, SAND with silt _ iz _ T L o _
trace "mica (S M) L
4— 1 %16 T 43 L == - — B 4 4- B —
. \ z T
e e 2 - m e 86 14} -
15 Medium dense, brownlsh T m
grey, silty SAND. trace
mica (S M) 19 ]
¢ Z
ense browmish grey, \\
20| SAND littie silt. S35 S 92/8 |-
trace mica
TS™) D
25
30
35
40
LEGEND [l Undisturbed Sample from Test Pit T.A Triaxial shear test
Sand (7774 Disturbed Sample from Bore hole U. C. Unconfined Compression test
C Lay I Undisturbed Sample from Bore hole
S WORKS EXECUTED BY FOUNDATION CONSULTANTS LTD.
FAP-21/22
SO "_ T E ST R S 7 BANK PROTECTION AND RIVER TRAINING/
. E ULTS AFPM PILOT PROJECT
INTERIM REPORT FIG. AB =5




'l sy 4 METHOD OF BORING ' WASH
W0 BORE HOLE NO. DIA OF BORING . 100mm
LOCATION = KAMARJANI GA—S5 DATE OF EXECUTION _ 3—5 to 5 —5-92
Z SUMMARY OF LAB. TEST RESULTS
= = STANDARD GWT g > ;‘.’.—I_“ T loewsimes 5.8 SHE AR EOMSCLIOATION
@ © - PENETRATION TEST = = Wl LimITS ‘DISTRIBUTION :mmmnm‘d CHARACTERISTICS]
» [VISUAL CLASSIFICATION OF | _ o RESULES SERE -
o e w|= W Op| -
g soiL o (N-RLUESS Z |&elet|i e f‘g trg e - E woky/k b | 8ol Cc Puz
L= ¢
c “ > |5 |28 whrp/en 3| 5| S [prfe) ) o/
g G L 10 20 30 40 50
TLoose, brownish grey, Y 1T 71T m [ T T T T ]
TSIT™ " with sand (SM) . . T7T 1 T i i .
T 3 1 (4" A T i 7 33 eT | L i ]
TWedlum compact,Grey, AP ' '%—‘r‘ —3eT tfredfias[e et e fucTsel | T T
s _'low plostic, SILT- little 2‘;*7‘ As
sand and clay( ML) I
> b 143 L 2 e ighes RS [ |
¥ 1
T = Iz
S \| Z
s \1 o 88l |2
10 T
| L [>p4 —
- Kzz €z T 86|14 |-
" il g
15 L 23 iz
Medium dense to dense,|./+
rey. silty SAND, trace [7°° " 24
i, Ay SAKD, Ties [ z |
(SN T : |
o~ 4 6 - . SRS RS e -1 -
19
i Z2 L2 ] T
b [
_I» 38 . | 8e| |2
) 747
g2
, At Iz 1L
) 27
# = -
= X i v
Les 7
| SE— - : Nl
J ¥ m
30 AL 135 ]
r : 3
j/
Y ‘\\2 78| 22|-
)36 -
- - /w
E)
. | 177
s \
pes 7
: L =z
B
.:l.'/."- 34 irw s,
Medium dense, grey, SAND frace| %", it
a0_|silt B gravel rcop) . A28 : 86|11 | GRIAVEL 3%
M 7 =™ 1 ) 1444
LEGEND [l Undisturbed Sample from Test Pit T.A Triaxial shear test.
Sand V777 Disturbed Sample from Bore hole U. C. Unconfined Compression test
CLay Il Undisturbed Sample from Bore hole
811 WORKS EXECUTED BY FOUNDATION CONSULTANTS LTD.
FAP-21/722

BANK PROTECTION AND RIVER TRAINING/
AFPM PILOT PROJECT
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BORE HOLE NO.

METHOD OF BORING
DIA OF BORING

WASH
100mm

WORKS EXECUTED BY FOUNDATION CONSULTANTS LTD.

LOCATION BAHADURABAD BA —| DATE OF EXECUTION | 8—5 to 9-5-92
z SUMMARY OF LAB. TEST RESULTS
= z STANDARD Gwrl 2 I+ 2 M7 loewsimies iy HEAN JeoNsolharion
2 © : PENETRATION TEST = |E |uElumrs DISTRIBUTION CHARACTERISTICY CHARACTERISTICS|
» [VISUAL CLASSIFICATION OF | o RESULTS z |z &= %
o | w [
H 2 2| 4| (wn-vaLues) - ] = N T P ¥ g - g warukl | €of G 9,2
- o © |& o5 pedletd & | 7 | O 2| °) e
gCL
Low plastic, Brownish | o ‘1 "
grey, sandy SILT(ML) TREL) !
| Grey iedium plastic, - 1 10| 56|34 0-76019)
s _SJ.I.J'_l_u.h.)_:.Lq_v_w' s = (R P50 CE0) SER e e
Firtle sand(M 'L v 1
] I | 26 lLoslisel 16]77|7 luc |zl
.Brownish grey, low ' it
5 —+—plaste; sandySHT
little clay (ML]
! A—————— nz B I, (N U i = TS P S
I 79 2i ]
Medium dense, “~brownish|; B | .
grey SAND with siit,tracq-.. 14| m ! )
Tmree{SM) e - | .
// i
10— A 4
“Low plostic” Grey, SICT : s l 22 771
Jowith sond trace cloy _ fxb L_._.\ . ! x
| - i NPl [ I
|
N i+ i U1 IS S [ - -
\
15 } 2 77
; 6
] — - - O I .
~ » 3
186
20 BE[TZ] =
T ™Medium dense grey, [k
1 asuty SAM.D;..tigc.g--;iu,i; B \ =
(SM) 21
- — — e ~ \\ 3
w 29
& e [ N # Be |12
5 ;s
AP zZ
—_— — — —— - = -
I " i 33 | | | -l
_ A 130 .
i Dense to very dense, |32
grey, silty SAND,trace [+, - | \"’
30 mica, 3 %) e
oMY ok 3 T
i (S I \\ |
|| R - i 59 B8l|19|—
ot Are |7
L AL
3s :/ .
K3s
ez -
TE 52 | ;@
40 . 69 }
LEGEND [l Undisturbed Sample from Test Pit T.A Triaxial shear test
Sand /7771 Disturbed Sample from Bore hole U. C. Unconfined Compression test
CLay Il Undisturbed Sample from Bore hole
Silt

SOIL

TEST RESULTS

FAP-21/722
BANK PROTECTION AND RIVER TRAINING/

AFPM PILOT PROJECT

INTERIM REPORT
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BORE HOLE NO.

METHOD OF BORING
DIA OF BORING

WASH
I1I00mm

LOCATION BAHADURABAD BA-3 DATE OF EXECUTION [ 8-5 to 9-5-92
- SUMMARY OF LAB. TEST RESULTS
o
= z STANDARD GWT| 2 [> Bl AT bensimes ik SHEAR _ [CoNsOLIBATION
= © : PENETRATION TEST = |E Wl LiMITS ‘DISTRIBUTION CHARACTE CHARACTERISTICS|
VISUAL CLASSIFICATION OF - 4 |5 | -
x . & s RESULTS a (2,52 Za| 74| o S 60
E ) - (N-VALUES ) E 5‘95; LL|PL ; 4 <z‘ : j 'a_‘mhtl/c b |€o Ce Pﬂz
£ « C G 128 rmgorn] & | | O |ZFf| °) (t/m)
vGL. 10 20 30 40 50
TVery loose to loose 4 s ‘ 1 i 1
| grey , fine SAND with N m i ) -
it i v |
J s (sM) 8| ¥ ) i3 B 77/ R S — i S - 1 I 2 L 308, [P =] ]
1Grey , low plastic, SILT 1Y : I S . i
I1ttle sand trace clay (4 -
5 M)
= 1.{ 4421 9 |88|3
j __ 4 = A
L) - i '8 4*? ! 88, 12| -
d__ e >Z mi b T‘
_ Vi =l -
0 14 2 B4 ll6
_ N o
>
Medium dense, grey, | ? i 211,
silty SAND trace mica. |
T——tsm———" 30 Iz . -t
I Ph i . 0 LI - Ll ol
s ! Iz
2p o 1 lz9la1 |-
}»22
9
77 i [
20 \
- 2
A — 1
25
—+-— — — —_— - — + f— ot 4
30
-— - —_ ——_— P SRS =N = B S S Saas = i P e e —_— —_ e -
|
35
Q0 e e S S| | A L S . (T
LEGEND [l Undisturbed Sample from Test Pit T.A  Triaxial shear test
Sand {772 Disturbed Sample from Bore hole U. C. Unconfined Compression test
CLay I Undisturbed Sample from Bore hole
Silt

WORKS EXECUTED BY FOUNDATION CONSULTANTS LTD.

SOIL TEST RESULTS

FAP-21/22

BANK PROTECTION AND RIVER TRAINING/
AFPM PILOT PROJECT

INTERIM REPORT
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BORE HOLE NO.

DIA OF BORIN

METHOD OF BORING

WASH
G © 100mm.

WORKS EXECUTED BY FOUNDATION CONSULTANTS LTD.

LOCATION BAHADURABAD BA—a4 DATE OF EXECUTION [ 10-5 to 1I-5-92
-~ SUMMARY OF LAB. TEST RESULTS
-l (=]

- STANDARD GWT | £ (> 5| ATt 6.5 SHEAR  [consoLiDaTION
@ £ PENETRATION TEST s ik Iu?‘-_: LIMITS i | DISTRIBUTION CHARACTERISTICY CHARACTERISTICS|
3 [VISUAL CLASSIFICATION OF £ RESULTS a 2 |[Ez &

] : by Pl o > | o=
s ezt J | (n-vaLues) Z |8°faklie |pL f"; V&a z|5|< wakukl ® | €ol Ce P‘z
E « ° 1% 28 (t/mkt/m] © [ | © :"fﬁn (o] It/m)
gGL 10 20 30 40 50

| ‘Grey, low plastic,, [ I ) N P ] _ i
SILT with sand.(MqL)[ Bz 27 (T3] =
== . o h i I - ,Jr,iﬁ,, I (- R i S RS Sl R ZE -
S e _B__I__ ﬂ_"_'_'—' - _:_ xrrr *‘7 e U [ - -
I L EZ ‘ 83|17 |-
5 1
d e e e | oL |
Loose to medium I i
- Il
denty, grey siity SAND PR 'm !
+—trace-mico (SM)— . f
S | iﬂ’, ‘ 80/20| —
' |
2 1 [
= TR T T
M [E—— \lﬁ I ._,_ﬁ, S O |- O N DO [
- [
41— e o . i I [ — o e, 4
¥z i 84|16 |-
4+ - O - R S e Il S &
15 / 7, S
Medlum dense to dense,[. .| Iz sl
grey, silty SAND.trace
Tmlea{SM) ) 1 3 1 i 7 i (| S (i i
M = e | 3o IS,
29 B2z 88|12 |-
26 30 ’
4 sk %
25
i I I ol L 3
30
35
40
LEGEND [l Undisturbed Sample from Test Pit T.A Triaxial shear test"
Sand 74 Disturbed Sample from Bore hole U. C. Unconfined Compression test
ClLay Il vUndisturbed Sample from Bore hole
Silt

SOIL TEST RESULTS

FAP-

BANK PROTECTION

2l/s22
AND RIVER TRAINING/

AFPM PILOT PROJECT

INTERIM REPORT

FIG. AB -9




WORKS EXECUTED BY FOUNDATION CONSULTANTS LTD.

| 6O METHOD OF BORING WASH
I = BORE HOLE NoO. DIA OF BORING 100 mm
LOCAT ION BAHADURABAD BA—8 DATE OF EXECUTION [ |2-5 1o 13-5-92
'; SUMMARY OF LAB. TEST RESULTS
= |
3 " STANDARD GWT g : bé] (LT T— a.s SHEAR  [CONSOLIDATION
x |[VISUAL CLASSIFICATION OF z a :EE';%‘:'_F;?'ION TEST E E EE LIMITS DISTRIBUTION c::amr;msncs auucmlmrm
i SOIL = w2 W O
: P (N-VALUES ) Z |Sefak|i el V'; ﬁs % r E EaL‘u/c b | eofcc Pr.|2
£ = 216 |28 ft/mkt/m] @ | | O .’Z"Fﬂh?)“’ Lt/m)
10 20 30 40 50
T Loose, grey,sandy bs| T 1 il ‘ 1 [
SILT trace clay mica I 42 |51 | T
v 1 4 i =1;___ S b ﬁ +
_tf{i,,%,ﬁ,,% | | e T ¥ e
. |
4 } ! e NI SN]SO RS- " i =
y 4% [ 72 I |sz2|18|-
| = ____-.7,9 | . i i laila
f"ﬁ ¥z | 84|16 —
N 1 - |
\ !
10 3l T
Medium dense, grey, | 722, 8z|i8 |-
|'sTity SAND [SM) T
4 trace mica 2(
777,
18 m 91 |9 —
15 |7
5 - - 4- 1 .
20
f Z I .
| &22 | 86| 14 | ~
\ a4 |
r 3 i s8l1z| — |
20 -2 i
e 2 o | i | -
5l i i
25 ;
J— = ] i S| S (S ﬂ____
30
33
= =
40, x —
LEGEND [l Undisturbed Sample from Test Pit T.A  Triaxial shear test
Sand iz Disturbed Sample from Bore hole U. C. Unconfined Compression test
ClLay Il Undisturbed Sample from Bore hole
Silt

SOIL TEST RESULTS

FAP-2I
BANK PROTECTION AND

/22
RIVER TRAINING/

AFPM PILOT PROJECT

INTERIM REPORT Fl
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METHOD OF BORING WASH
BORE HOLE NO. DIA OF BORING 100 mm .
LOCATION CHANDANBAISA CH=—I DATE OF EXECUTION [ 12—4 to 14—4-92
s SUMMARY OF LAB. TEST RESULTS
= x STANDARD GWT | 2 [> 3] "% [exsmes a3 SHEAR  [consoLiDaTiON
@ (L] - PENETRATION TEST = |E W=l LimiTs DISTRIBUTION CHARACTERISTICS;
» [VISUAL CLASSIFICATION OF o L RESULTS 2 > = 3
2 o= W [
i' s 2 |2 (N-VALUES ) E S“’_‘J_};LL PL F‘; Vé % e g Eﬂqﬂk ¢ |Colc|Pq
€ . “ 15 128 rmfe/m] o | 3 | G |2 fuin) ° )
gGL 10 20 30 40 50
TCoose to medium =~ - - T T T T % ===l T
1donse. grey, SAND 2 B GRS I ZBi22. = 4.4
with silt 1.rucu l‘|'||cO .
T Uswm 9 T e Iz - 77 |23 |- - T
% Very loose, grey, _ “ E 65|35 —
SAND with silt froce ity 4
| mica 5 \\IZ i L f
o e | . [l e 84 16| -
i3
10 L
1%
Medium dense to very 18
Tdense, grey, siliy¥Tne | 3
4 SAND trace mica__ | $ -l
(SM) : \&
=" AT Z N T RIDIERE
. .. =
)zsr
= fz : T leaTie -
T : TN 7z
I s P | e 20| 10
Very dense grey SAND '_-.." _
trace mica (g ) | T
LTI I ad = bt :
1 | "\‘{4" - 1
E \ Iz 76|24 -
e 34
| B ; : f 121 8515~
| Dense, grey, silty 27]
TSaND trace mica ‘(S M) | \
| — N
7 D6
30
fy /
g - o
 — . = L ez 92{8 |-
Lo o s W Yo
Lt ’
Very dense, grey :
35| SAND, littiesily, trace {fee } 94/6 |-
mica(gM) L
60
80 &z 80| 20—
= g > 30 \_‘%
- ) ._ 11U 1]
- |
PR >50" §7A 90 10 -
LEGEND [l Undisturbed Sample from Test Pit T.A  Triaxial shear test
Sand tzzzZA Disturbed Sample from Bore hole U. C. Unconfined Compression test
CLay Il Undisturbed Sample from Bore hole
s WORKS EXECUTED BY FOUNDATION CONSULTANTS LTD.
FAP-21/722
SO |L T E ST . R S BANK PROTECTION AND RIVER TRAINING/
= E ULTS AFPM PILOT PROJECT
INTERIM REPORT FIG. A8 - ||




METHOD OF BORING

WASH

WORKS EXECUTED BY FOUNDATION CONSULTANTS LTD.

[0 & BORE HOLE NO. DIA OF BORING 1O O-mm.
LOCATION CHANDANBAISA "CH - 2 DATE OF EXECUTION 14-4 to 15-4-92
o SUMMARY OF LAB. TEST RESULTS
=i} e =
) g STANDARD ewt| © [= S| ATT. e.s SHEAR  |CONSOLIDATION
5 = PENETRATION TEST E ] ul-r: LIMITS PERAOTES DISTRIBUTION [CHARACTERISTICY CHARACTERISTICS|
x [VISUAL CLASSIFICATION OF 2 RESULTS il 7 5
i SOIL I (N-VALUES ) z 5"5’;_1.1_ PL ;V& g - < wo wk| ¢ | €o|C P,z
€ “ ? 15 128 s O A A e o ft/m)
VGL I0 20 30 40 50
o '
i i i3 T  [2e]m
iz ! | = | Ll L L
1
- Low .ptastic, Grey, 45 _
SILT and sand. -~ N % 42 58] —
Jtrace clay.mica (S M) .= \“ I -
& - 4 N 7/ 79|21 -
M N
I Medium _d.uln;."n?ov,t X LR o 1 aela |-
fine SAND trace silt. |
e L, e
Loose, grey, fine SAND | - <9 =
+—trace-mice—{5-M)- : ™~ - = -
- ZZ | |es|is |-
i
10 - = - -
Medium dense, grey, 7 / vz
TSIty fine SAND; froce | A
micg ({SM)- .4’20 % F
y T
49 L 1143 Z 80| 20|—
15 Medium dense to dense 3% T4 261 —
silty fine SAND/ fine LA2% Iz 77 (23]
SAND with slit trace <is - [
4 mica (g M) ‘la; e
£ gz li8 | —
v a0
_ e ﬁ
” <z % , 77|23 |-
F 35 80 |20 | —
5
i <E Pre I
2l
— E o
§ /{30 @
I d23 1 ssliz|-
25 m :
- L i
30
3s
40,
LEGEND sl Undisturbed Sample from Test Pit T.A Triaxial shear test .
Sand 777 Disturbed Sample from Bore hole U. C. Unconfined Compression test
CLay Il Undisturbed Sample from Bore hole
St

SOIL TEST RESULTS

FAP-21 722
BANK PROTECTION AND RIVER TRAINING/
AFPM PILOT PROJECT

INTERIM REPORT
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METHOD OF BORING | waAsH

BORE' HOLE NO. DIA OF BORING - 100mm.
LOCATION | CHANDANBAISA. CH -3 DATE OF EXECUTION . 22-4 to 23—-4—-92
-~ SUMMARY OF LAB. TEST RESULTS
- o =
: : STANDARD GWT| 2 [> o' ATT. e.s SHEAR [comsoLiDaTion
- © = PENETRATION TEST E lkE w% Lmirs | RS s TRisuTion EHaRac CHARACTERISTICS|
IVISUAL CLASSIFICATION OF g J |5 |zE =
3 soiL b 1 Wit : |Secw fw|¥a| o > ok 0| eolc ‘P
3 S| 2 | SweMaLuES ) = [ePlezlile TS 2| 5] 3|8 ’E(o) T %
€ = 2 1% |28 emde/m] @ | 3| O |2F v Lum)
g GL 10 20 30 40 50
Joose, brownisn grey, |71 [ ]| N - | L & § ] L
fine SAH_D with silt, rf 63|37 |—
Jtrace mica(S M) — ores T Lol r,,,,,q_.,. LIS LIS P - ¥
1 Grey, low plastic, sandy (=071 | _.19 i i T A — o1 lisalsote I (S
SILT little cloy — éf_; \'\ =
- B o F Ao Yal = =
ML) A r Zz 80|20 -
5 7
e P | A £ /iZ:p___ b il % ki galizl—| |
1 - 12 - 86|14 | —
S S S +k 1L Al ~ b
_ L 2l Bt .. |88 -
\
10 ]IG : :
| Medlum dense, grey, _ . @ ‘ 88l12| -
silty fine to medium® ‘\2]1 ) {
+S-AND trace mica - —-- et - el
1 (sMm) > 0 O O e, T 4 Loftor | 4] L.
; . P43 ez | |esliz]-
+ - - e B} e S . . -4 —+—— = F=aa r— .--—f B
=
|5 16
N
bk 1= 86|14 |-
T 423
N ds7
Very dense, grey SAND, v ~ ‘m 92| 8 _
20— little silt trace mica = .
(s™) "".'" -
| Medium dense, grey A %
to dark grey, silty 123 i 8515 |-
] ne fo medium D J
trace mica (g M) 2 84|16
125 (1 82118 —
30
35
40
LEGEND [l Undisturbed Sample from Test Pit T.A Triaxial shear test
Sand 7771 Disturbed Sample from Bore hole U.C. Unconfined Compression fest
CLay B Undisturbed Sample from Bore hole
Silt

WORKS EXECUTED BY FOUNDATION CONSULTANTS LTD.

SOIL TEST RESULTS

FAP=21 /22

BANK PROTECTION AND RIVER TRAINING/.
AFPM PILOT PROJECT

INTERIM REPORT FIG. AB-13




1 /) METHOD OF BORING WASH
| O i BORE HOLE NoO. DIA OF BORING 100 mm
LOCATION CHANDANBAISA CH—4 DATEOF EXECUTION | 23-4 to 24-4-92
; SUMMARY OF LAB. TEST RESULTS
3
1 - STANDARD GwWT| © _1—*[,. S] arv. Qs SHEAR  [consoLiDATION
& © z PENETRATION TEST £ E u?-': LIMITS ghisalaldy DISTRIBUTION CHARACTERISTICY CHARACTERISTICS|
x [VISUAL CLASSIFICATION OF & a RESULTS E.‘ z %z - %
o {12 £ 6= W (=
s ady a | . (N-VALUES ) - el |eL y‘é 1;33 2 b g woRekl 9 | €of C; P':_!
E e Sl 28 vsem 2 ® ut"t/ﬁ-ﬁto’ (t/m)
GL. 10 20 30 40 50
Loose, grey, fine SAND | /:-/ 1 |
TTTHTe 8 11t, trace mica (M) [ 25 " D 2 537 d
| Low plastic, Grey, sundv**"-l_’l-_'?f:;'— S =5 el Sl L2 I;-L‘Q-q%l'sa 2,72 bl S
SILT tittle clay (ML) FFn 0 o} ; : \ 3else|3 | |
Low plastic; Grey, SILT ’,ff \ | = 1
+with sand trace- clay (ML) 04— 2 1 S S
5 _|Loose grey, silty fine |7 i ZZ 80|20 -
SAND frace mica (SM) 'l | T 02| o l
H Ml . ¥ Sty ook | o /i . e Z._._. i = 1 N I S
jLoose to medium dense, 1 ; | i ‘ L ] | [ i - | S
grey fine SAND,little 9| ! [ ] ! T I T
T=iit, trace mica (gpm) Al 1 N + - S—
<4 e - \’1.2 il | —4  phr | = | == =S
L 778
0 Medium dense , grey, &
silty SAND,trace mlea, [/ " 1l 8s|is
—
. S \"7 92(8 |-
4 Mediu o] / || ) (-
SAND little silt. */ iz
Jguma_mlca_(_s_m_}_.. -
- 71 M ;
Loose, grey , fine | ,/ .
SAND frace mica (gp) |1 . € m
— ™~ o
TMediom dense, grey -'{z T # 26 BT 13
silty, SAND trace mica |7-/] . Y ‘
(s ™) peire P
20 Lt h26 93| 7
25
e - (-
30
. — e === ,,,4‘7
35
i LS
4 NS S
a0
[l Undisturbed Sample from Test Pit T.A  Triaxial shear test
Pih il (/774 Disturbed Sample from Bore hole U.C. Unconfined Compression test
C Lay Ml Undisturbed Sample from Bore hole
Silt WORKS EXECUTED BY FOUNDATION CONSULTANTS LTD.
FAP-21/22
SO ll_ T E ST R E S U LTS BANK PROTECTION AND RIVER TRAINING/
) AFPM PILOT PROJECT
INTERIM REPORT FIG. AB-14




\

METHOD OF BORING . WASH K
BORE HOLE NO. DIA OF BORING 100mm
LOCATION NAKALIA NK=I DATE OF EXECUTION | 24-510 27-5-92
= SUMMARY OF LAB. TEST RESULTS
; x STANDARD GwT| 2 r < A — 6.8 SHEAR  [cownsoLipaTion
3 [VISUAL CLASSIFICATION OF Z o f,i‘;fﬁfm" TEsT E § E'E S St ?me“m AR
o == o= w O |
s Se 2| 4| (n-vaLues) S P 1= T Y P V"3 2| x| S |papuk| @ | o Po
> = -
E * “ 1% 128 plempi/em 3 5|0 ,’:"ﬁnzil” (/)
gGL 10 20 30 40 50
T T
+—Brownish-grey, low * 4 - o | S— W L o I; S LI i — S [
"plostic,SILT with sand|' /v / 8 [ 24|76 | -
. e (L] et B / B I i : 1 D LN SOV B GV | (N
K sz e BN 3 14 |78l | | S |
] ish i s ) -
| EI'SA:J;:..{,."JV'S|?£:‘;_,,j-z;r_ \ E3 i 44|22 21 [74]5 -n3lo-n
litrle clay (ML) ;f‘ \ 9 m
5 \
— e e | H__L.._./ 14 o - ] —Ha
1P z
| Medium dense, grey, ‘/ 1] ]
SAND with silt, trace ./.-,
0 mica (S M) a i)
4l AM 77|23
| | 17
- ] 1
) -'_._‘ rs J
T ﬁ ps -— g 32133 12 202530187 13— UG 68
_— - i 23, 76,1
SILT trace cloy./ SILT <
T with sand, trace clay o R S
(sM) < i
: ~ [
Tl
¥ 4 23
20 = AN : L2
ol "
S g
'.‘I':' ) 3
) ] zZ
/3 ¥
25 o |
,./_n 3 X
Medium dense to very |;' . g m 86| 14| -
dense, grey silty SANDV . .
1 treemica( SM) . 34 :
T A 2%
| I [HRRESS Z
- I~ .
— i 891l
62 | .
L A2 1yt
4 ; T o (S
35 %
 B— — L
ense, grey, SAND L i
little silt, trace mica 34 =z o4le |-
(SM)
34
3
N
40, T~ = g
LEGEND [l Undisturbed Sample from Test Pit T.A Triaxial shear test.
Sand (/777 Disturbed Sample from Bore hole U.C. Unconfined Compression test
Clay Il Undisturbed Sample from Bore hole
Silt WORKS EXECUTED BY FOUNDATION CONSULTANTS LTD.
’ FAP-21/722
SOIL T E ST R E S U BANK PROTECTION AND RIVER TRAINING/
) LTS AFPM PILOT PROJECT
INTERIM REPORT FIG. AB-1I5
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BORE HOLE NO.

METHOD OF BORING
DIA OF BORING

WASH
100 mm

WORKS EXECUTED BY FOUNDATION CONSULTANTS LTD.

LOCATION NAKALIA. NK-3 DATE OF EXECUTION . 24-5-to 25-5-92
~ SUMMARY OF LAB. TEST RESULTS
- P STANDARD GWT| € = [ & ™% |oensmes] °° SHEAR  |CONSOLIDATION
2 . PENETRATION TEST = |E |wilimers ‘DISTRIBUTION CHARACTERISTICY CHAR
3 [VISUAL CLASSIFICATION OF - RESULTS a |z &= T ‘
° s o= w -
L 2| s R R B
£ = “ |G |28 /e, /C'ﬁ I T L!/m)
g GL. 10 20 30 40 50
1
| E————— hEz Ll I lo7zo-u
Very loose to loose, 5
brownish grey, SAND [] ) i - N
little silt. (SM) 2
.|_lr_|u:_n_mj.co | _@ | ata—t= 3
-y | 4320 g goliz| . | |oedo-4
b2 m
5 Brownish Grey,low pla—f
stic, , clayey to sandy I
TS el 1 71/ 3 (80
1 Grey. tow prastic,. = Sl _ |33[32[12 [l-961-4925 | 6510 [UC 470
-—r:-la‘rvy SILT with—— {777 A = L
sand.” (ML) / [
TLow plastic Grey sILT od m 40 |59 | [
jo —+and sand .trace 4 i
T
I ]
| L—— | — 4 At
-+ 1+ S .
| Medium dense, grey, - L
SAND with silt, trace’
Tmiea - oMy — - 4 l7al21
15 1
; [
= ] RPN N }
1 R . ] 1 .. N e
L N ——— B U S I N N N (O T N
= 1 91 (9 |-
| | = i . N L _# 2l
20 X \
“rMn.dlum dense, grey, |/ - | 1
SAND , little silt .
T frace miga (S M) m =
25  vaas
30
35
40, | O
LEGEND [l Undisturbed Sample from Test Pit T.A Triaxial shear test
Sand E7Z77] Disturbed Sample from Bore hole U. C. Unconfined Compression test
C Lay Bl Undisturbed Sample from Bore hole
Silt

SOIL TEST RESULTS

FAP-21/722

BANK PROTECTION AND RIVER TRAINING/
AFPM PILOT PROJECT

INTERIM REPORT

FIG. AB— |6




METHOD OF BORING . WASH &
BORE HOLE NO. DIA OF BORING 1oomm g
LOCATION NAKALIA NK-5 DATE OF EXECUTION . 27-5 to 28-5-92
- SUMMARY OF LAB. TEST RESULTS
[=]
; = PENETRATION TEST Wil el mgrl.::;s seniley m:i'mﬂmLu'““ | Cunscromamcs|
3 [VISUAL CLASSIFICATION OF : = RESULTS z |3 |22 T
v L]
s Bl 2| 2| (n-vaLues) 2 5°’J:E|_L PL F‘; ¥a| 2 -l a wikuk| 6 | of ¢ Puz
o . T = 4
P = 2l 188 n/mp/..?i o |73 |z ) Kt/m)
g 6L 10 20 30 40 50
— O 6 B
4. Brownlsh Grey, Iow.pln-.i--- s 1 4. @_._. M L L] ]
stlc, sandy to clayey <k 11 -
1 sicr (ML) | g | 2 L 18171 N —
| —— s = il £ S o | ]
5 =] 3113 7 | 74|19 0-820-18
!
| (. | L
] ] , ; o L
o SO i o | L
. [}
" Medium dense, grey, |- ‘
1o ——siity SAND, frace mica |. ./° I !
(SM)
[ R S S S = = ol e
- I o i 8L 19—
o B ) 72
15 m 76 . 24| —
Medium dense, greyvy, (27
| SAND with siit.- s
trace mica (S M)
T &2z
- Z
<l ] L/, || | _lsalis]-
4 Medium dense to dense / \
grey, silty SAND. p3p Z
trace mica (S M) t3p o )
5
12 «37 = 8317 |-
30
3s
40
LEGEND [l Undisturbed Sample from Test Pit T.A  Triaxial shear test
Sand 7771 Disturbed Sample from Bore hole U. C. Unconfined Compression test
C Lay Il Undisturbed Sample from Bore hole
i WORKS EXECUTED BY FOUNDATION CONSULTANTS LYD.
FAP-21/722
SO IL T EST R BANK PROTECTION AND RIVER TRAINING/
) E S U LTS AFPM PILOT PROJECT
INTERIM REPORT FIG. AB - |7
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BORE HOLE NO.

METHOD OF BORING
DIA OF BORING

WASH
1I00mm

LOCATION NAKALIA. NK-7 DATE OF EXECUTION . 29-5 to 30-5-92
- SUMMARY OF LAB. TEST RESULTS
2 o
) ) STANDARD GwT| © [+ ST AT a.s SHEAR  |CONSOLIDATION
- 2 PENETRATION TEST Z [k m% vmirs [P oisrieurion crnnmtnaer CHARACTERISTICS]
3 [VISUAL CLASSIFICATION OF a RESULTS = 52 7 5.
o ol . a > P
s =P - | (N-VALUES) Z |sefakli [pL "'37};' A b k| © | CofCe N
£ * 216 |28 7 s B B Bl = (R (t/m)
gGL I0 20 30 40 50
Brownlish Grey low <l L |
Triastic, sandy SILT Tee [ T | | T Ti2]es|s i
++trace clay (ML) M= -1 | = e g e— i : 0‘59"-”44 —
|Brownish Grey,low plastic, /=2 5 i | i, i 8 |80- ‘4 I ) _
SILT with sand, trace R ‘t i | |
lelay h - - e | (I O ST shsisbead o= 4
e (M-} v l l ! U |ai|7T|2
5 [ |
] .I\]"_._ | 4 L N 9N S W | I S L .
i
4 = gl | =1
’ { 9|9 =
Jl L — s - _' \IB L Y &/ — - + B —
G ceis \ 2 . ¥z 90|10} =
Medium dense to densef, ] .
| grey, SAND little RGN [ | | (— | i 1.
silt, troce mica 26 vz, 94|86 | -
= M ) s i i 1 e i o e e e e S e
=== NS ==~ IS ‘.. s -+ ———1 --r—‘ -
A 30 7, L
1 I il i I
i 26
s et { %
I
oA 24
7 ez, 78|22|-
T Medium dense to very [ 7 ‘
0, 27
T with silt, trace mica .
T——tsM) 5 1=
| .
20 by m—
25
1 . ) I I 1 |-
30
a5
L o
40 1
LEGEND [amll Undisturbed Sample from Test Pit T.A Triaxial shear test
Sand 7771 Disturbed Sample from Bore hole U. C. Unconfined Compression test
CLay B Undisturbed Somple from Bore hole
silt

WORKS EXECUTED BY FOUNDATION CONSULTANTS LTD.

SOIL TEST RESULTS

FAP-21/722

BANK PROTECTION AND RIVER TRAINING/
AFPM PILOT PROJECT

INTERIM REPORT

FIG. AB - I8
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PRELIMINARY ECONOMIC STUDY
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1 GENERAL

FAP 21/ FAP 22 Project aims at evolving appropriate bank protection techniques and
cost-effective methods for works in the Active Flood Plains. As such they are not anticipated
to include a full economic analysis of costs and benefits but to provide useful technical and
economical data for the preparation of regional development plans and future development
projects with a particular attention given to the cost-effectiveness of the recommended
measures and construction methods.

Economic aspects are therefore to cover the following subjects:

i Analysis of past budgets for bank protection and river training in Bangladesh with due
consideration given to their effectiveness;
ii. Contribution to unit rate and cost analysis for future works possibly involving new

construction methods and the use of materials that are not yet familiar to the
executing agencies and to local contractors;

iii.  Preliminary inventory of potential benefits to be expected from bank protection and
river training works with a rough estimate of their possible order of magnitude and
of their economic impact.

In agreement with the terms of reference, the study concentrates mainly on

Brahmaputra-Jamuna River although the applicability of the tested works to other rivers in
Bangladesh will be also examined.

2 PAST BUDGET ANALYSIS
2.1 AVAILABLE INFORMATION AND SOURCE OF DATA

The past experience of BWDB in bank protection and river training works is reported in a
paper published by BWDB in 1984.

The magnitude of the river bank erosion problem in Bangladesh was summarized by BWDB
as follows:

RIVER N° OF LOCATIONS LENGTH OF EROSION (KM)
Teesta 11 34.9
Brahmaputra-Jamuna 41 162.6

Ganges-Padma 26 94.5

Meghna 8 72.0

Minor rivers 112 92.3

Flashy rivers 75 23.0

Tidal rivers 32 85.8

Overall 305 565.1

Cities & villages 85

FAP 21/22, INTERIM REPORT
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Broadly 22 bank protection or river training schemes were reported in 1988 while others
were under execution or at planning stage.

Construction and O & M budgets have not yet been published except for World Bank funded
works executed under the Flood Damage Restoration Project. Data on previous cost estimates
and actual expenditures since the beginning of works were consequently directly collected
from the Executive Engineers, O & M Division, BWDB at Sirajganj, Bogra, Gaibandha,
Chandpur and Rajshahi. Government expenditures for bank protection in selected areas were
also reported in FAP 9B report. Some discrepancies may be found between the two sources
of data due to differences in the definition of funding. Figures presented further are generally
those provided by Executive Engineers of BWDB.

Past expenditures in current Taka have been converted into 1991 Constant Taka by using the
deflator index published by BBS for the Construction Sub-Sector in years 1972-73 to
1990-1991. The deflator index was not available for previous years and was roughly
estimated by the Consultant for years 1969-70 to year 1971-72 using the cost of living index
published by the Bangladesh Bureau of Statistics (BBS) as an indicator. The forecast for
year 1991-92 has been estimated by extrapolation of the observed trend since 1984-85

(Figure 2.1-1). The correction factors derived from these data and estimates are shown in
Table 2.1-1.

2.2 SIRAJGANJ TOWN PROTECTION

Since 1940 bank protection measures were taken, consisting mostly of brick mattressing
which revealed effective till 1968 when erosion became very active. After emergency
measures taken in 1969, new construction works started, consisting of brick mattressing and
of the dumping of loose stones and brick filled wire cages. Later on, steel jacks were
dumped and concrete blocks of different sizes were placed without filter due to difficulty in
placing khoa; it was thus accepted to spend more for maintenance by dumping additional
concrete blocks when required. One groyne was constructed at Sailabari some 12 km
upstream of Serajganj in 1978. Another groyne was constructed at Ranigram immediately
upstream of the town in 1985-86.

A summary record of expenditures is shown in Table 2.2-1 and Figures 2.2-1 and 2.2-2.
Town protection appears to have been partly effective during 23 years at a total estimated
cost of about 1991 Constant Taka 1,180,000,000 including initial construction cost, repairs,

improvements, the construction of Sailabari and Ranigram groynes and maintenance.

For town protection itself the repair and maintenance budget has amounted to about 8% of
the initial investment. It has been 2 % for Sailabari groyne.

Kazipur groyne was washed away after construction with a total expenditure of 1991
Constant Taka 116,531,000.

2.3 BANK PROTECTION NEAR SARIAKANDI

Protection against river bank erosion has been provided since 1987 to prevent the destruction
of trading center and agricultural land. Another major concern is the risk of capture of the

FAP 21/22, INTERIM REPORT
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Bangali River by the Jamuna. Protective works included a groyne, cross bars and revetments
with brick mattressing and the dumping of concrete blocks over khoa filter. They are
presently complemented by revetment with concrete blocks on the left bank of Bangali river.

Past expenditures are shown in Table 2.3-1.

Repairs were required to revetments and apron. Erosion severely increased downstream after
the completion of Kalitola groyne.

2.4 BANK PROTECTION NEAR PHULCHARIGHAT

The area has an important rail ferry ghat for goods and passengers and suffered from bank
erosion. The Brahmaputra Right Embankment is at risk of being breached in the next years.
Protective measures taken included the construction of cross bars and the placing of bamboo
porcupines which proved not effective.

Past expenditures are shown in Table 2.4-1.

2.5 BANK PROTECTION WORKS ON RIGHT BANK OF TEESTA RIVER

Bank protection of the right bank of Teesta River has been provided by groynes and cross
bars. One groyne and three cross bars were recently washed away while the other structures
were considered effective.

Construction and maintenance costs are reported in Table 2.5-1.

2.6 CHANDPUR TOWN PROTECTION WORKS

Chandpur town is located on the left bank of Meghna and has been subject to severe erosion
during the last 35 years. Emergency protective works started in 1972 by boulder revetment
and the construction of a groyne. Later on, boulder revetment was extended to a total length
of about 2,000 m and a regular dumping of boulders is required to maintain the river banks.
The groyne was settled down under water in the last years and the town remains threatened
by gradual destruction.

Expenditures reported by BWDB since 1972 are shown in Table 2.6-1 and Figure 2.6-1. The
detail of annual expenditures is not yet available for years 1972 to 1982 and for years 1979
to 1982. The expenditures in current Taka were supposed evenly distributed within each of
the two periods. Their provisional estimate amounts to a total of about Tk 430 Million in
1991 Constant Taka with an O & M budget of about 6% of the initial investment.

2.7 RAJSHAHI TOWN PROTECTION WORKS

The erosion of Ganges-Padma river banks in the vicinity of Rajshahi is reported to have
occurred as far back as one century ago or even more. After a shifting of the main channel
which stopped erosion for 10 years between 1960 and 1970, erosion started again and
required protection measures. Emergency works included the construction or reconstruction

FAP 21/22, INTERIM REPORT
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of spurs and groynes. They were followed by a comprehensive programme of works which
extended till 1981. Since then, regular maintenance and repairs are provided and make bank
protection fairly effective.

Expenditures reported by BWDB since 1971 are shown in Table 2.7-1 and Figure 2.7-1.
Only the total of years 1971 to 1981 is presently available. It has been supposed equally
distributed in current Taka over the 10 years. Data are still lacking for the six years between
1981 and 1987.The provisional estimate of expenditures amounts to a total of almost Tk 600
Million in 1991 Constant Taka with an O & M budget during the last 5 years of about 3%
of the initial investment.

2.8 Overall Protective Works in Bangladesh

As mentioned above, bank erosion is a widespread problem which concerns a number of
towns, communication nodes, agricultural schemes and embankment systems. Efforts have
already been made with varying success and frequently on emergency circumstances to avoid
major disasters.

A comprehensive assessment of past budget allocations for such works would be desirable
to fully appreciate the strategical importance of the research undertaken in the field of Bank
Protection and River Training. It

requires the cooperation of all BWDB O & M Circles throughout the Country to provide
planners with the following information and data:

L. Inventory and location of all protective works of any kinds undertaken in their area
since 1970 and possibly before

ii. Purpose of construction

iii. Annual expenditures for design, construction, maintenance and repairs since 1,970
till 1992

iv. Effectiveness of works

V. If washed away, when, why and under what circumstances ?

River training expenditures have also been associated with the recent construction of R&H
bridge on the Meghna River. They will also be a significant component of Jamuna bridge
construction budget.

3 UNIT RATE AND COST ANALYSIS FOR PROTECTION
WORKS

3.1 GENERAL

Construction methods presently used in Bangladesh for bank protection and river training are
strongly influenced by the availability of suitable materials, equipment and know-how of local
contractors. They may result in poor effectiveness and higher final costs with an additional

burden with respect of funding for emergency repairs or tentative improvements. The project

FAP 21/22, INTERIM REPORT
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is therefore aimed at testing the designs and methods of construction that are the most cost
effective. It implies the issue of unit rates corresponding to new technical specifications
applicable in Bangladesh. It also requires that economic indicators can be derived from the
analysis of construction and recurrent costs with a view to determining and comparing
different alternatives.

Suitable indicators can be identified as follows:

- Economic cost determined by applying the proper conversion factor to financial cost
- Respective amount of foreign and local cost

- Use of unskilled labour

- Net Present Value of the economic project costs during the useful life of the project.

Prices will be in 1991 Constant Taka with an exchange rate of US$1 = Tk.36 to allow easy
updating.

3.2 SOURCE OF DATA

For the above elaborations the following sources were used :

- Schedule of rate for the different O & M Circles of BWDB

- Quotations of foreign firms and importers for imported materials

- Other FAP Consultants’ estimates

- Interviews with contractors and BWDB field engineers

- Estimation of economic prices of selected commodities for use in FAP planning
studies (FPCO, 1992).

3.3 PROPOSED METHOD OF UNIT RATE ANALYSIS

i Identification of the items that will be considered in the bills of quantities for
preliminary costing and in the call for tenders.

ii. Technical specifications corresponding to each item.

iii. For each item, brief study of the method and sequence of work with a view to
estimating the requirements of labour, materials, and equipment or machinery per unit
of work item.

iv. Survey of unit cost of labour, materials and equipment at the construction site for the
reference year. Unit cost has to be at current market price at the construction site if
available , or increased by the transport cost from the most likely procurement area.
In the case of special equipment not easily available at site, provision has to be made
for its mobilisation in due time possibly at an extra cost.

V. For each cost element of the item, i.e. labour, material or equipment, the foreign cost
component will be given in % and the conversion factor to be applied will be
reported. Conversion factors used to convert financial prices into economic prices as
requested by FPCO are as follows:

FAP 21/22, INTERIM REPORT
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PROJECT INPUTS CONVERSION FACTORS
1. Skilled labour 0.87
2. Unskilled labour 0.72
3. Transport equipment 0.68
4. Cement 0.79
5. Steel 0.61
6. Machinery (normal duty) 0.62
(concessionary duty) 0.74
7. Others 0.87
vi. The total of cost elements has to be increased by a certain % to include contractor’s

overheads, mobilisation, installation at site, taxes and profit to arrive at the final
estimate of unit rate. BWDB is recommending to use 12.5 % which seems much too
low for works which require highly skilled contractors and imply a certain amount
of risk.

The calculation of unit rates and economic indicators is proposed by using the forms shown
in Tables 3.3-1 and 3.3-2 as follows:

Total unit rate = Sum{(2)x(3)}

Total foreign cost = Sum{(4)x(5)/100}

Average Conversion factor = Sum{(4)x(6)}/Sum{(2)x(3)}

with (2) = unit cost of materials, labour or equipment
(3) = quantity of materials, labour or equipment
4) = @2)x@3)
(5) =% of foreign cost for materials or equipment
(6) = conversion factor of cost component (as above)

3.4 COST ANALYSIS

Following FPCO Guidelines for Project Assessment, base construction costs estimated from
bill of quantities and unit rates are to be expressed in mid-1991 Constant Taka. Physical
contingencies equal to 15 % of base construction costs will be used to cover unforeseen
works, and engineering costs will be added.

The construction costs will be phased by years and further maintenance, repair and
improvement costs will be forecast for a useful life of 30 years following the completion of
works.

After conversion of financial costs to economic costs, the Net Present Value of expenditures
over 30 years will be calculated using a discount rate of 12 %. The comparison between the
different construction alternatives proposed and the previous construction methods will be
based on the following criteria:

FAP 21722, INTERIM REPORT
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- Net Present Value of expenditure at economic price,

- Net Present Value of expenditure in foreign and local currency,
- Average annual financial expenditure after initial investment,

- Annual use of unskilled labour.

4  POTENTIAL BENEFITS
4.1 SOURCE OF DATA

Technical aspects of bank protection and river training have been covered in BWDB
publications but benefit assessment was not deemed necessary till recently and bank
protection schemes were generally decided in the past with the conviction that there was an
urgent need for such measures and that their justification was obvious.

Population, agriculture and livestock data are found at the scale of Unions in BBS
publications for years 1981 and 1983-84. They can be used to roughly identify the areas and
the population particularly concerned with river bank erosion.

The most valuable information on potential benefits of protection works has been produced
by recent FAP studies:

- FAP 1 : Brahmaputra Right Embankment Strengthening
- FAP 9B: Meghna Left Bank Protection Project.

An economic assessment of river bank protection is provided by a Consultant’s report dated
December 1991 for 6 selected priority locations on Jamuna Right Bank (River Training
Studies of the Brahmaputra River, Report on Priority Works). The economic analysis of
town, communication infrastructure and irrigation schemes protection projects is included in
the report of FAP 9B.

4.2 ACTIVE FLOOD PLAIN AREA

In the conditions of Bangladesh, where River floods cover very extensive areas and river
banks are highly unstable, the boundaries of the Active Flood Plain are neither obvious nor
constant. As a result of past events, the Active Flood Plain includes all the islands and new
land deposits that are between the present river banks; for planning purposes it has to also
include the areas that are at risk of being eroded by the River within the next 30 years. The
limits of these latter areas are still more or less unpredictable and therefore have to be
assumed as an envelope of the study area. For practical reasons they are tentatively assumed
to coincide with the administrative boundaries of Unions bordering the River.

The content of the study area (Brahmaputra-Jamuna) is given in Table 4.2-1.
It covers a total area of 3,670 km? over a strip length of about 213 km and includes
uncultivable land and open water areas estimated at about 1720 km®. A total of 306,500

households were living there as from the 1981 census; this number has probably increased
by 20 to 30 % since then.

FAP 21/22, INTERIM REPORT
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The net agricultural income derived from the 163,000 ha of cultivated land is not known but
its order of magnitude can be roughly estimated by assuming an average added value of
about Tk 10,000 per cropped hectare. It thus amounts to about Tk 3,000,000,000 per year.

Available information could let suppose that annual land losses due to bank erosion along
Brahmaputra-Jamuna are around 1,500 ha. It means that approximately the equivalent of the
cultivable study area could disappear within the next century and would be very partly
replaced by new "char" lands. The economic losses directly due to the erosion of agricultural
lands along Brahmaputra-Jamuna cannot be assessed without much more detailed studies, but
their order of magnitude in the long term could reach or overpass the billion of Taka per
year.

Agricultural income outside the Active Flood Plain is also affected by the erosion of flood
protection infrastructure as demonstrated by FAP 1 study.

Other sectors of the economy like industry, trade and services are also present in the Active
Flood Plain. At the regional level, total net income may represent 2.5 to 3 times the income
of the crop sub-sector. Although these ratio cannot be applied to the study area without more
detailed analysis, it is obvious that the impact of the negative river actions on the overall
local economy is much higher, possibly 2 times more, than that on the crop sub-sector.

Communications at the national level are strongly affected by the conditions in the study area
which is in the same time a communication axis for water transport and an obstacle for land

transport. The benefits which could be expected from improved navigability are beyond the
scope of the present study but are worth mention. Other aspects are discussed further.

4.3 DIRECT BENEFITS OF BANK PROTECTION

The consequences of river banks erosion are identified as follows:

L. Land losses, though at least partly compensated by the accretion of new lands
frequently of low value

2. Destruction of public and private property

3. Destruction of infrastructure with further consequences, especially in the case of

flood protection or communication infrastructure

- Disruption of economic activities

3. More or less adequate investments following emergency decisions

6 Obstacle to the development of communications and consequently to the overall
economic development of the Country.

The assessment of bank protection benefits has been made for 5 selected areas on the Right
Bank of Jamuna by FAP 1 Consultants. The results are shown in Table 4.3-1. In the selected
areas, the expected annual benefits vary between about Tk million 4.6 and 12.6 per km of
erosion prone bank. They are mostly agricultural benefits except for the township of
Sirajganj. The highest benefits were found for Sariakandi where there is a risk of capture of
Jamuna by a relatively small distributary. Except for Sirajganj area, the economic

consequences of river bank erosion extend outside the erosion prone area for more or much
more than 50%.

The results of benefit assessment by FAP 9B are summarized in Table 4.3-2. They concern
7 selected locations on the Left Bank of Meghna. Three of them are agricultural project areas

FAP 21/22, INTERIM REPORT
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while the others are aimed at protecting active urban centers and communication nodes. The
method of assessment is fairly different of that used in FAP 1 and makes difficult to compare
the results between the two studies. The order of magnitude of expected benefits is however
roughly the same. Communication and industrial infrastructure appear to be key factors in
the identification of priority areas for river training and bank protection.

4.4 OTHER POTENTIAL BENEFITS

Available benefit assessments concern selected locations where river bank erosion threatens
existing economic resources, properties and infrastructure. They are based on the present
development of activities and eventually on present development trends. This approach is
fully justified for projects that are planned in the short term.

When planning for the medium and long term, it appears necessary to envisage the
interactions between river training and communications. The improvement of physical links
between the different regions of Bangladesh is probably one of the main requirements for the
accelerated development of industry and services which is needed in most areas. It is
presently restricted and made more costly by the morphology of the main rivers. River
training thus appears as a component of any comprehensive national development plan with
benefits which can hardly be considered in isolation and without prospective views.

A good illustration of the scale of future river training requirements is provided by the
Jamuna bridge project which is under short term planning. The cost of river training within
this project has been estimated on behalf of UNDP/WB at 1987 Constant US$ 94 Million
equivalent to 1991 Constant Tk 3.6 billion or approximately 25% of total project costs.

FAP 21/22, INTERIM REPORT
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TABLE 2.1-1

CORRECTION FACTOR FROM
CURRENT TAKA TO

1991 CONSTANT TAKA

Year Constr. Correct.
deflator factor
1 1969-70 12.00 13.022
2 1970-71 15.00 10.417
3 1971-72 18.00 8.681
4 1972-73 18.18 8.595
5 1973-74 28.25 5.531
6 1974-75 50.33 3. 105
7 1975-76 57.58 2.714
8 1976-77 51.30 3.046
9 1977-78 52.49 2.977
10 1978-79 55.09 2.836
11 1979-80 66.77 2.340
12 1980-81 78.35 1.994
13 1981-82 91.67 1.705
14 1982-83 89.93 1738
15 1983-84 90.15 1. 733
16 1984-85 100.00 1.563
17 1985-86 113.75 1.374
18 1986-87 117.86 1.326
19 1987-88 125.94 1.241
20 1988-89 136.25 1.147
21 1989-90 144.91 1.078
22 1990-91 156.26 1.000
23 1991-92 168.00 0.930

SOURCE: BBS for Years 1972-73
fo 1858G-51
Consultant’s estim ate
for Years 1969-70 to
1971-72 and 1991-92

FAP 21/22, INTERIM REPORT
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TABLE 2.2-1
BANK PROTECTION WORKS NEAR SIRAJGANJ

Serajganj town Sailabari groyne Beara cross bar Kazipur groyne
Year 1991 1991 1991 1991

Current Constant Current Constant Cumrent Constant Current  Constant
Tk,000 Tk,000 Tk,000 Tk,000 Tk,000 Tk,000 Tk,000 Tk,000

1969-70 28791 374905

1970-71 3963 41284

1971-72 3712 32226

1972-73 13158 113091

197374 3718 20567

1974-75 3029 9403

1975-76 2998 8136

1976-77 5054 15395

1977-78 12948 38546 35000 104193

1978-79 1902 5394 1429 4053

1979-80 8230 19260 1429 3344

1980-81 32759 65335 1429 2850

1981-82 4445 7577 1429 2436

1982-83 2535 4406 1429 2483

1983-84 7166 12421 1429 2477

1984-85 3020 4719 1429 2233

1985-86 68175 93653 1429 1963

1986-87 36880 48896 1429 1895

1987-88 49565 61497 1429 1773 11900 14765 45000 55834
1988-89 29697 34058 1429 1639 6637 7612 32685 37485
1989-90 16390 17674 1429 1541 0 0 4868 5249
1990-91 10280 10280 1429 1429 5997 5997 17963 17963
1991-92 5995 5576 1429 1329 0 0 Washed away

Total 1044300 135638 28374 116531
Numnber of years 23 15 5 4
NPV (12%) 565977 108252 23062 94887
Annual average

after 1st investm. 30427 2246 3402 20232

. Net Present Value calculated for the year preceding construction
. Maintenance cost of Sailabari groyne reported at about Current Tk20,000,000
since construction without annual detail
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BANK PROTECTION WORKS NEAR SARIAKANDI

A9 - 12

Year

Kalitola groyne

Antarpur x bar

Hasnapur x bar

Pakulla x bar

Chalkandi x bar

Current
Tk,000

1991
Constant
Tk,000

Current
Tk,000

1991
Constant
Tk,000

Current
Tk,000

1991
Constant
Tk,000

Current
Tk,000

1991
Constant
Tk,000

Current
Tk,000

1991
Constant
Tk,000

1969-70
1970-71
1971-72
1972-73
1973-74
1974-75
1975-76
1976-77
1977-78
1978-79
1979-80
1980-81
1981-82
1982-83
1983-84
1984-85
1985-86
1986-87
1987-88
1988-89
1989-90
1990-91
1991-92

38025
28945

4989

47180
33196

4989

656
93
1537

752
100
1537

358
992

386
992

10908

coooo

13534

(===}

Total

Number of years

NPV

85364

71759

2390

1846

1378

1135

13534

12084

Annual average
after 1st investm.

to be complemented

FAP 21/22, INTERIM REPORT
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TABLE 2.4-1
BANK PROTECTION WORKS NEAR PHULCHARIGHAT

Porcup. at Pulch. Phulchar x bars Gazaria x bar Phulchari x dam
Year 1991 1991 1991 1991

Current Constant Cumrrent Constant Cument Constant Cument  Constant
Tk,000 Tk,000 Tk,000 Tk,000 Tk,000 Tk,000 Tk,000 Tk,000

1969-70

1970-71

1971-72

1972-73

1973-74

1974-75

1975-76

1976-77

1977-78

1978-79

1979-80

1980-81

1981-82

1982-83

1983-84

1984-85

1985-86

1986-87

1987-88

1988-89 32785 37600

1989-90 484 522
10622 10622

1991-92

Total 48744
Number of years 4

NPV 41548

Annual average
after 1st investm.

to be complemented

FAP 21/22, INTERIM REPORT
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TABLE 2.5-1
BANK PROTECTION WORKS ON RIGHT BANK OF TEESTA RIVER

Belka x bars Tarapur x bar | T.xbarll &l Tambuipur groyne Pinalghat groyne
Year 1991 1991 1991 1991 1991

Current Constant Current Constant Current Constant Current Constant Current Constant
Tk,000 Tk,000 Tk,000 Tk,000 Tk,000 Tk,000 Tk,000 Tk,000 Tk,000 Tk,000

1969-70

1970-71

1971-72

1972-73

1973-74

1974-75

1975-76

1976-77

1977-78

1978-79

1979-80

1980-81

1981-82

1982-83

1983-84

1984-85

1985-86

1986-87

1987-88 21072 26145 6340 7866 12581 15610 3674 4559 15227 18893
1988-89 2579 2958 698 801 12952 14854 2992 3431
1989-90 0 0 12209 13165 13651 14720
1990-91 70

1991-92

Total 29103 8667 15610 32578 37045

Number of years

NPV 25702 7662 13937 25283 30082

Annual average
after 1st investm.

to be complemented

FAP 21/22, INTERIM REPORT
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TABLE 2.6-1
CHANDPUR TOWN PROTECTION WORKS

Bank revetment and groyne

Year 1991
Current Constant
Tk,000 Tk,000

1969-70

1970-71

1971-72

1972-73 ) 9470 81398
1973-74 ) 9470 52383
1974-75 ) 9470 29402
1975-76 ) 9470 25700
1976-77 ) 9470 28846
1977-78 ) 9470 28192
1978-79 1481 4201
1979-80 ) 783 1833
1980-81 ) 783 1562
1981-82 ) 783 1335
1982-83 2300 3996
1983-84 1240 2149
1984-85 1661 2595
1985-86 2267 3114
1986-87 7811 10356
1987-88 13600 16874
1988-89 14487 16615
1989-90 103913 112052
1990-91 5666 5666
1991-92 10 9
Total 428280
Number of years 20
NPV 211208

Annual average
after 1st investm. 14027

. Groyne was washed away In the last
years

FAP 21/22, INTERIM REPORT

TABLE 2.7-1
RAJSHAHI TOWN PROTECTION WORKS

Bank revetment and groynes

Year 1991
Current Constant
Tk,000 Tk,000

1969-70

1970-71

1971-72 ) 12638 109708
1972-73 ) 12638 108622
1973-74 ) 12638 69903
1974-75 ) 12638 39236
1975-76 ) 12638 34296
1976-77 ) 12638 38494
1977-78 ) 12638 37621
1978-79 ) 12638 35846
1979-80 ) 12638 29575
1980-81 ) 12638 25204
1981-82

1982-83

1983-84

1984-85

1985-86

1986-87

1987-88 6382 7919
1988-89 16833 19305
1989-90 347 374
1990-91 21801 21801
1991-92 17156 15957
Total 593863
Number of years 21
NPV 288922
Annual average

after 1st investm. 13071

to be complemented



TABLE 3.3-1
COST ANALYSIS Item N°

DESCRIPTION :

A9 - 16

LOCATION :

1. Construction method (Sequence of works)

Description

Unit
cost
Tk

Unit

Quantity

per
Unit

Unit
rate

Forei

an

cost
(%)

Convers.
factor

Unsk.lab.
requir.
(mandays)

2. Materials
2.1
2.2
2.3
2.4
25
2.6
2.7
2.8

Q)] (2)

(3)

@)

coooOCOO0CO

S

(6

@

3. Labour requirements
3.1 Unskilled labour
3.2
3.3
3.4
3.5
3.6
3.7
3.8

[=l=Nellelelole-l-]

4. Machinery and equipment requirements
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

coocoo0oo0oo0o0O0O

5. Sub-total

o

6. Contractor's overheads & profit

o

0.87

7 @ Total rate (Taka/unit)

ERR

ERR

FAP 21/22, INTERIM REPORT
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TABLE 3.3-2 (example)
COST ANALYSIS Item N° LOCATION : Kazipur UNIT : m3
DESCRIPTION : Supply of 1 m3 of CC Blocks 55cm size
1. Construction method (Sequence of works)
Preparation of steel forms and casting yard for casting CC cubes
Supply of materials, mixing equipment, vibrator and water pump
Shuttering for CC cubes
Casting, curing and stocking of CC blocks
Unit  Quantity Unit Foreign Convers. Unsk.lab.
Unit cost per rate cost factor requir.
Description Tk Unit Tk (%) (mandays)
2. Materials (1) (2) (3) (5) (6) (W)
21 Cement bag 220 4.25 935 90 0.79
22 Bricks No 21 295 620 0 0.87
2.3 Sand m3 212 0.47 100 0 0.87
2.4 Polythene sheet m2 2.2 11.3 25 0 0.75
2.5 Fuel | 15 9.6 144 90 0.63
2.6 Lubricant | 39 0.1 4 90 0.63
2.7 0
2.8 0
3. Labour requirements
3.1 Unskilled labour day 60 4.25 255 0 0.72 4.25
3.2 Helper day 80 0.16 13 0 0.72 0.16
3.3 Mason day 100 0.2 20 0 0.87
3.4 Mechanic/Operator day 120 0.2 24 0 0.87
3.5 Head mason day 140 0.035 5 0 0.87
3.6 Welder day 120 0.045 5 0 0.87
3.7 0
3.8 0
4. Machinery and equipment requirements
4.1 Mixture machine 0.5 m3 capacity hr 125 0.5 63 60 0.62
4.2 Electric vibrators hr 8 1 8 60 0.62
4.3 Motor pump with appliances hr 4 0.15 1 60 0.62
4.4 0
4.5 0
4.6 0
4.7 0
4.8 0
5. Sub-total m3 2220
6. Contractor's overheads & profit 25 % m3 555 0.87
T Total rate (Taka/unit) m3 2775 1017 2243 4.41
Source : FAP 1, BRTS, 2nd Interim Report, Annex 5
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TABLE 4.2-1
CHARACTERISTICS OF THE ENVELOPPE STUDY AREA (BRAHMAPUTRA-JAMUNA)
Gross Cultivated Cropped Cropping Number Net crop
District Upazila Union area area area intensity of income
(ha) (ha) (ha) households (Tk,000)
KURIGRAM NAGESWARI Narayanpur 5494 1539 2658 1.73 2073 32
Nookhawa 3564 1185 2832 2.39 1714 34
KURIGRAM Jatrapur 6883 1761 3425 1.94 2105 41
Ghogadaha 2714 1574 3044 1.93 3051 37
Panchgachhi 2413 1975 3686 1.87 2663 44
ULIPUR Begumganj 14691 3350 6027 1.80 3997 72
Buraburi 3979 2021 4028 1.99 3680 48
Hatia 3064 1783 3441 1.93 3938 41
CHILMARI Nayarhat 5198 1260 2120 1.68 1212 25
Chilmari 2693 375 688 1.84 791 8
Ashtamir Char 7498 2217 3551 1.60 2433 43
RAUMARI Dantbhanga 4296 3165 6026 1.90 4101 72
Bandaber 5941 4389 7212 1.64 4997 87
Raumari 3639 2869 5542 1.93 4331 67
Jadurchar 3509 2609 4480 172 3246 54
CHAR RAJIBPUR  Kodail Kati 2509 1605 3129 195 2035 38
Char Rajibpur 3132 2302 4377 1.90 3690 53
Mohanganj 5463 1873 3624 1.94 3117 43
Kamarjani 3130 1435 0
District sub-total 89811 37853 69892 1.85 54609 839
GHAIBANDA  SUNDARGANJ Kapasia 5986 1455 1907 1.31 2211 23
GHAIBANDA Kamarjani 3211 1505 2948 1.96 2140 35
PHULCHARI Erendabari 8884 3486 5615 1.61 3697 67
Fazlupur 6888 2002 2122 1.06 2364 25
Uria 2361 1487 2565 1.72 2334 31
Gazaria 2878 1156 2094 1.81 3042 25
Phulchari 4955 1952 2895 1.48 1966 35
SUGHATTA Haldia 4681 1494 2004 1.34 2725 24
District sub-total 39845 14538 22151 152 20479 266
(continued)
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TABLE 4.2-1 (Continued)
CHARACTERISTICS OF THE ENVELOPPE STUDY AREA (BRAHMAPUTRA-JAMUNA)

Gross Cultivated Cropped Cropping Number Net crop

District Upazila Union area area area intensity of income

(ha) (ha) (ha) households (Tk,000)
JAMALPUR DEWANGANJ Danghdara 4228 2428 4430 1.82 3073 53
Char Amkhada 3711 2648 5054 1.91 3518 61
Hatibhanga 1869 1444 1774 1.23 2042 21
Bahadurabad 4336 2571 4459 1.73 3817 54
Chikajani 3471 1493 2431 1.63 3043 29
Chukaibari 2779 822 1213 1.48 2788 15
ISLAMPUR Kulkandi 2843 970 1517 1.56 2133 18
Belgachha 3540 1578 2300 1.46 2801 28
Sapdhari 3068 1670 2675 1.60 2633 32
Noapara 3871 2283 3506 1.54 3804 42
MADARGANJ Char Pakerdaha 3365 2479 4009 1.62 3882 48
Balijuri 3977 2266 4083 1.80 5871 49
Jorekhali 4257 2501 4674 1.87 3613 56
SARISHABARI Satpoa 4679 3636 6415 1.76 5928 77
Pogaldigha 4000 2505 4310 1.72 6027 52
Aona 3057 1771 3370 1.90 4245 40
Pingna 2915 1709 3180 1.86 3706 38
District sub-total 59963 34772 59399 1.71 62924 713
BOGRA SARIAKANDI Chaluabari 5850 1563 0
Hatsherpur 2757 1272 2021 1.59 2750 24
Kazla 6681 1798 3011 1.67 2048 36
Sariakandi 2561 1446 2845 1.97 3722 34
Karnibari 5229 1355 2205 1.63 3349 26
Bohali 6943 1229 2252 1.83 2910 27
District sub-total 30020 7100 12334 1.74 16342 148

(continued)
-~
Ve Lﬂ
oy
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CHARACTERISTICS OF THE ENVELOPPE STUDY AREA (BRAHMAPUTRA-JAMUNA)

Gross Cultivated Cropped Cropping Number Net crop
District Upazila Union area area area intensity of income
(ha) (ha) (ha) households (Tk,000)
SIRAJGANJ KAZIPUR Khas Rajbari 3659 1223 2280 1.86 1428 27
Char Girish 6828 2038 3387 1.66 2753 41
Maizbari 1972 1513 2074 1.37 4207 25
Natuarpara 2728 1275 2457 1.93 2532 29
Nischintapur 3635 1196 2042 1.71 1435 25
Tekani 3303 1001 1758 1.76 2215 21
SIRAJGANJ Mechhra 4496 1666 3028 1.82 4096 36
Kaoakola 3403 1101 2103 1.91 1789 25
City 1956 17313 0
Kaliaharipur 2726 1533 3009 1.96 4603 36
Saidabad 2793 1401 2745 1.96 4089 33
BELKUCHI Rajapur 2811 2030 4055 2.00 5507 49
Belkuchi 2652 970 1913 1.97 6412 23
Baradhul 3128 730 1473 2.02 1985 18
CHAUHALI Sadiachandpur 5176 764 1258 1.65 4162 15
Sthal 4185 1248 2551 2.04 2047 31
Ghorjan 2994 914 1916 2.10 1798 23
Mirkutia 4870 3735 6924 1.85 5725 83
Umarpur 5975 1726 3249 1.88 4263 39
District sub-total 69292 26065 48222 1.85 78359 579
PABNA BERA Haturia Nakalia 3053 1713 3277 1.91 4123 39
Nutan Bharenga 4197 2563 5049 1.97 4804 61
Puran Bharenga 2643 1120 2084 1.86 1843 25
Ruppur 2977 1619 2738 1.69 2755 33
Masundia 2819 1333 2152 1.61 2274 26
Dhalar Char 3875 1370 2900 212 1674 35
District sub-total 19563 9719 18201 1.87 17473 218
(continued)
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TABLE 4.2-1 (Continued)
CHARACTERISTICS OF THE ENVELOPPE STUDY AREA (BRAHMAPUTRA-JAMUNA)

Gross Cultivated Cropped Cropping Number Net crop
District Upazila Union area area area intensity of income
(ha) (ha) (ha) households  (Tk,000)
TANGAIL BHUAPUR Arjuna 3975 2057 4306 2,09 3837 52
Gabsara 6903 1842 3570 1.94 3650 43
Nikrail 4439 1715 3664 2.14 2885 44
KALIHATI Durgapur 5172 3164 6730 213 4684 81
Salla 2747 1944 3698 1.90 4152 44
TANGAIL Kakua 3796 2478 5187 2.09 4072 62
Hugra 3452 2419 4939 2.04 3247 59
Katuli 4943 3097 5512 1.78 4843 66
NAGARPUR Bharra 3077 2645 5569 2.11 3467 67
Gayhata 2568 1810 4301 2.38 3758 52
Salimbad 2407 1533 3140 2.05 3527 38
District sub-total 43479 24704 50617 2.05 42122 607
MANIKGANJ DAULATPUR Char Katari 1901 1992 2776 1.39 2530 33
Bachamara 3939 1406 2684 1.91 3197 32
Baghutia 4502 2926 6308 2.16 4125 76
SHIVALAYA Teota 5047 1981 3120 1.57 4358 37
District sub-total 15388 8305 14887 1.79 14210 179
Total Jamuna River 367361 163056 295702 1.81 306518 3548

Total length of River is about 213 km
Water surface and uncultivable area is estimated at 1720 km? .
The order of magnitude of annual land losses may be estimated at about 1500 ha not including Char lands

Source : Bangladesh Bureau of Statistics

FAP 21/22, INTERIM REPORT
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RIVER TRAINING STUDIES OF THE BRAHMAPUTRA RIVER (2nd Interim Report)

REPORTED DISBENEFITS IN SELECTED AREAS

(Annual average in Tk Million)

Fulcharighat Sariakandi Kazipur Sirajgan] Betil
Length of bank erosion (km) 8 16 8 8 8
Erosion rate (m/year) 60 100 60 100 60
Consequence of erosion
Land losses 7.640 25.225 8.035 14.063 10.500
Property losses 3.813 6.181 2.480 30.422 5.070
Infrastructure losses 1.014 1.682 0.816 2.708 1.419
Subtotal 12.467 33.089 11.331 47.193 16.989
Consequence of embankment breaches
Crop losses 16.039 5.759 23.332 5.774 6.319
Livestock losses 0.321 0.034 0.314 0.595 0.332
Property losses 1.864 0.731 3.469 8.331 7.626
Infrastructure losses 1.567 0.380 1.942 1.705 2.150
Subtotal 19.791 6.904 29.057 16.405 16.427
Consequence of embankment retirement
Reduced crop production 0.413 160.208 0.351 0.296 0.306
Reduced fish production 0.000 1.128 0.000 0.000 0.000
Reconstruction and O & M costs 4.060 0.000 4.060 4.060 4.475
Subtotal 4.473 161.336 4.411 4.356 4.781
Total average annual disbenefits 36.731 201.328 44,799 67.954 38.197
+ +
Average per km 4.591 12.583 5.600 8.494 4.775

+ High EIRR

FAP 21/22, INTERIM REPORT
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TABLE 4.3-2
MEGHNA RIVER BANK PROTECTION/SHORT TERM STUDY
AVERAGE EXPECTED ANNUAL BENEFITS (in Tk Million)

Bhairab Bazar 210.2 + (Inland port and industrial township)

Munshigan] 54.6 + (Cold storage and industrial center)

Chandpur 238.6 (Inland port and industrial-trading center)

Eklashpur 56.2 (Irrigation project, but agricultural benefits represent

less than 10% of the river training project benefits)

Haimchar 33.0 (Irrigation project, but agricultural benefits represent
less than 10% of the river training project benefits)

Meghna R&H Bridge 380.4 + (Communication node)

Maniknagar 149 (Agricultural project, but agricultural benefits represent
only 20% of the river training project benefits)

+ High EIRR

FAP 21/22, INTERIM REPORT
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Figure 2.1—1

CONSTRUCTION DEFLATOR (1985 — 100)
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Figure 2.2—1

SIRAJGANJ PROTECTION BUDGET (M. Tk.)
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Figure 2.2—-3

SAILABARI GROYNE BUDGET (M.Tk.)
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Figure 2.6—1

CHANDPUR PROTECTION BUDGET (M.Tk.)
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Figure 2.7—1

RAJSHAHI PROTECTION BUDGET (M.Tk.)
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1 INTRODUCTION

For the study of the effectivity of recurrent measures for active flood plain management
I-dimensional hydrodynamic computations and 1-dimensional morphologic computations
have been used for comparison and for calibration purposes. These mathematical models
have been made with the MIKE 11 software package.

Two modules of the MIKE 11 package have been used in this study so far: the
hydrodynamic (HD) module which is capable of simulating unsteady flows in a network
of open channels and the non-cohesive sediment transport (NST) module of which the
morphological mode has been used.

Some local models of a few branches, which represent the channels in the braided Jamuna
river, have been developed and in these models the hydrodynamic and morphological
effects of two river training measures, dredging and surface vanes at a bifurcation have
been simulated.

The approach to simulate a river training measure was first to establish a morphologic
equilibrium, this means that during a period of about 2 years with constant boundary
conditions and a constant discharge no substantial erosion or sedimentation is calculated in
the cross sections of the model.

In a restart computation the effect of the river training measure is superimposed on this
equilibrium situation.

In the development of these local models special attention has been paid to the accuracy
of these models. In this annex some aspects of the development of these local models are
described in more detail. These aspects are the schematization of the cross sections, the
influence of the space centering coefficent, the influence of a nodal point on the
morphologic computations and the schematization of dredging activities in the 1-
dimensional model. The results of the computations with respect to the effectivity of the
simulated river training measures are not discussed.

2 GENERAL DESCRIPTION OF MIKE 11 MODEL

The core of the Mike 11 system consists of the hydrodynamic (HD) module which is
capable of simulating unsteady flows in a network of open channels. The results of an HD
simulation consist of time series of water levels and discharges. Associated with the HD
module is the rainfall-runoff model NAM which may be used to generate inflows to the
HD module. The non-cohesive sediment transport (NST) module can be run in two
modes: explicit and morphological. In the explicit mode the sediment transport
computations are based on the results of the hydrodynamic computation using
characteristic transport parameters. There is no feedback from the sediment transport

FAP 21/22, INTERIM REPORT
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calculations to the HD module. Results are in the form of volume transport rates and
accumulated volumes of deposition or erosion.

In the morphological mode sediment transport is calculated in parallel with the HD
module. The feedback between the sediment transport calculations and the HD
computation is achieved through solution of the sediment continuity equation and through
the updating of the bed resistance and the following sediment transport. Results are in the
form of sediment transport rates, bed level changes, resistance number and dune
dimensions (depending on the transport relationship adopted). The NST module is
equipped with four different formulas for the calculation of sediment transport rate and
alluvial roughness. These are the Engelund and Hansen model and the Ackers and White
model for the calculation of total load, and the Engelund and Fredsoe and van Rijn
formulas for the calculation of bed load and suspended load separately.

The model provides a choice among three different flow descriptions: dynamic wave
approach, diffusive wave approach and the kinematic wave approach and in version 3
especially for morphologic computations a quasi-steady state approach. For a morphologic
computation in a river reach the quasi-steady state model is often more appropriate than
the full hydrodynamic model, which often requires relatively small time steps. During the
first months of this project version 3 was not available and all computations have been
made with the full hydrodynamic mode of version 2 during that period.

3 ASPECTS OF THE DEVELOPMENT OF LOCAL MODELS

In this study some local models have been developed to simulate the effects of some river
training measures. These models are used also to be acquainted with the Mike 11 model
and to explore the capabilities of this mathematical model.

In general the results with the hydrodynamic module are satisfactory. However the
morphological module is obviously less developed than the hydrodynamic module. In the
version 2.10 of Mike 11 the sediment distribution at a bifurcation point is set equal to the
ratio of the outflowing discharges in the branches, which are connected with this
bifurcation point. In a recently released test version 3.0 of Mike 11 different options are
available to select this sediment distribution. For a correct simulation of river training
measures it is important that this sediment distribution can be selected in a flexible way.

Mike 11 model includes descriptions for a wide range of structures which act as control

points. In a morphological computation with Mike 11 no structures should be placed in
the model.
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3.1 SCHEMATIZATION OF A CROSS SECTION

The natural river cross-sections of the Jamuna River differ widely in shape. Therefore in
a morphological model one or more representative cross-sections are placed according to
the elevation of the natural channel slope of the river to represent the river channel. It
reduces the rapid changes in flow velocity between adjacent cross-sections in case natural
cross-sections are applied and in this way it prevents mathematical instability during the
computation. Equivalent cross-sections are schematized in the model in two ways. First
an equivalent smoothed cross-section, based on a type of regime equations for the
averaged width and depth of the cross-section of the Jamuna river is schematized in the
model, see figure 3.1-1. In a second schematization an equivalent rectangular cross-
section based on the same regime equations is used to represent the river channel in the
model, see figure 3.1-1. If the total width of the flood plain is reduced to 20% by
introducing relative resistance of 5, as is recommended in other studies, a rather good
similarity in the reproduction of the water levels of the first schematization is obtained,
see figure 3.1-2.

ELEVATION IN M

k3
£
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cli l‘xhoz'ooosgoo«;oo‘ﬁlowsal'mﬂ;uan;onlclmo ] mzm;oax;oo@a;mu‘mr;ooo;ooﬂom
DISTANCE IN M DISTANCE IN M
SYNTHETIC CROSS SECTION RECTANGULAR CROSS SECTION
Fig. 3.1-1

It is mentioned that for a computation with the full width of the flood plain a more
gradual transition from the main channel to an inclined flood plain is recommended to
avoid instability during the first stage of overtopping of the char. The conclusion is that in
this study a schematized equivalent rectangular cross-section for the main channel and the
flood plain can be applied without introducing serious deviations in the water level, if the
discharge is given. This simple schematization will be very useful in the continuation of
the study.
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3.2 INFLUENCE OF SPACE CENTERING COEFFICIENT

During the initial development of a simple single channel model in which the cross-
sections are spaced at 1 km interval, it turned out that a model run with a time step
higher than 30 minutes and a Courant number of about 24 shows instability in model
results. To overcome this instability the space centering coefficient, A, has been
increased. A forward centering of the Sh/éx-term in the numerical scheme has a
dissipative influence. By increasing A from 0.50 to 0.90, the time step could be increased
to 4 hours without introducing any instability. To assess the influence of space centering
coefficient, a rather short single channel model with a rectangular cross-section of 4500 m
width at 1000 m interval is developed. At the upstream model boundary a water level
hydrograph with a variation of water level of 1 m per day was defined and a rating curve
(h = 0.56 Q"*) is used as downstream boundary. Next some hydrodynamic model runs
are made with a time step of 60 minutes, Courant number of 45 and a A coefficient of
0.55, 0.70, 0.80, 0.90, 0.95. Model results are compared with that of having a time step
of 10 minutes and a A coefficient of 0.50. In these computations the maximum difference
between the water levels is only | to 4 mm. The conclusion is that an increase of this
coefficient A from the default value 0.5 to 0.95 is acceptable and does not reduce the
accuracy of the local models for the Jamuna River.

3.3 INFLUENCE OF A NODAL POINT.

In order to assess the influence of a nodal point in a model on the sediment transport, bed
level and Manning Number, a single channel model has been made without a nodal point
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and with a nodal point (see figure 3.3-1). The computations are made with the same
boundary conditions and geometric, hydraulic and morphological parameters. The length
of the long channel is 15 km and in the other model two channels with a length of 10 and
S5 km are connected by a nodal point. In both models the channels have a rectangular
cross-section with a width of 4600 m. The upstream boundary condition is a constant
discharge of 35000 m*/s and at the downstream boundary the water level is kept constant
at 6.54 m. The sand of the channel bed has a global grain diameter of 0.20 mm and the
channel roughness is characterised by a global Chézy number of 65 m'?/s. The sediment
transport is calculated with the Engelund-Hansen formulas for a morphological
computation. In some runs a period of 1 year is simulated with time steps of 60 minutes.
The distance between the equidistant cross-sections is 1000 m, so the Courant number is
32.
b ‘ —— e +—{]

O  NODE POINT
MODEL BOUNDARY
CROSS SECTION

+ O

SCHEMATIZATION SINGLE CHANNEL MODEL

Fig. 3.3-1

The procedure to determine the bed slope of the channels starts with a horizontal bed in
the first computation, then in the next computation the bed slope is made parallel to the
computed water surface slope. This is repeated until the water level slope is parallel to
the bed slope. Initially a model run is made without upstream sediment boundary for 1
month to prevent any disturbance by the hydrodynamic computation, which might be not
in a full equilibrium directly from the start of the computation. After one month a
constant sediment discharge of 0.90 m?/s is used at upstream boundary. This sediment
transport is estimated as the equilibrium sediment transport.

Some results of the computations are presented in Table 3.3-1. From this table it can be
seen that after a simulation time of 1 year the maximum difference in the bed level close
to the nodal point between single channel model without a node and the model with a
node is 7 mm. But by reducing the distances between the cross sections adjacent to the
nodal point from 1000 m to 300 m this difference can be reduced to 2 mm, however the
computing time has increased. These computations have been made with version 2.10 of
Mike 11 model. The new version 3.0 gives different results, but still differences in bed
level in computations between with and without a node are observed.
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Table 3.3-1: Difference in bed level (m) between single channel model without a
nodal point and with a nodal point.

Chainage Model Description
Branch1/
Branch? FAP002 FAP003' Diff.in mm. FAP003? Diff. in mm.
0 0.353 0.353 0.00 0.353 0.00
1 0.312 0.311 1.00 0.312 0.00
2 0.275 0.273 2.00 0.273 2.00
3 0.243 0.239 4.00 0.240 3.00
- 0.214 0.212 2.00 0212 2.00
5 0.188 0.187 1.00 0.188 0.00
6 0.166 0.162 4.00 0.163 3.00
7 0.134 0.134 0.00 0.135 -1.00
8 0.107 0.106 1.00 0.107 0.00
D 0.079 0.077 2.00 0.078 1.00
10/0 0.051 0.058 -7.00 0.053 -2.00
11/1 0.022 0.029 -7.00 0.025 -3.00
12/2 -0.006 0.000 -6.00 -0.004 -2.00
13/3 -0.034 -0.030 -4.00 -0.033 -1.00
14/4 -0.063 -0.061 -2.00 -0.062 -1.00
15/5 __-0.09] -0.092 1.00 -0.09] 0.00
Notes:
FAP002: Single channel model without a node
FAP0O03': Single channel model with a node ( Ax near node 1000 m)

FAP003?%: Single channel model with a node ( Ax near node 300 m)

From these computations it is shown that a nodal point reduces the accuracy of the
computed bed level, sediment transport and Manning number. The accuracy of the
computed bed levels after many time steps and a simulation of several years in a
morphological model with several nodes is probably less than expected. But a
considerable improvement of the model accuracy can be obtained by inserting more cross-
sections near a node. This can be considered as a general recommendation.
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3.4 COMPARISON OF RESISTANCE RADIUS AND HYDRAULIC RADIUS

In the Mike 11 model a choice can be made between the hydraulic radius and the so
called resistance radius. These parameters have some influence on the variation of the
hydraulic roughness as a function of a variable discharge. A simple comparison between
these parameters has been made for the characteristic conditions in the Jamuna river.

In the Mike 11 model the resistance radius R. is calculated as:

where A = cross section area (m2), y = the local water depth (m) and B = the water
width (m) at the same elevation. The advantage of this formulation is that the resistance
radius allows a smooth transition in the conveyance of the channel as the char region
becomes flooded, while the hydraulic radius causes a sharp, incorrect decrease in the
conveyance. A disadvantage of the resistance radius is an over estimation of the
conveyance in the deep and narrow cross sections as its formulation does not fully take
into account the friction from the cross-section sides as does the hydraulic radius
formulation.

The hydraulic radius formulation is based on a parallel channel analysis where the total
conveyance K of the section at a given elevation is equal to the sum of the conveyances
of the parallel channels. The hydraulic resistance is calculated as the well known form of
R, = A/P, in which P = wetted perimeter (m).

To assess the effect of both parameters, hydraulic resistance formulation and resistance
radius, on model results, the single channel model with a rectangular cross-section of
4500 m wide main channel and a 4500 m wide flood plain is used. A relative resistance
of 5 for the flood plain is applied. The length of the channel is 15 km and the distance
between the grid points is 1000 m. A constant discharge of 76000 m*/s and a constant
water level of 10.88 m are the upstream and downstream boundary respectively.
Hydrodynamic model runs are made with a time step of 120 minutes for both hydraulic
and resistance radius formulations. Model results show that computed water level in case
of hydraulic radius formulation is 0.08 m higher than that of in case of resistance radius
formulation at upstream boundary. Model results also show that if a relative resistance of
1 is used for flood plain then computed water level in case of hydraulic radius
formulation is 0.21 m higher than that of in case of resistance radius formulation at
upstream boundary.

These differences are relatively small and since in most previous studies concerning the
Jamuna river the hydraulic radius is used, the Consultant has chosen the hydraulic radius
in all other computations.
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3.5 SIMULATION OF DREDGING IN MIKE 11 MODEL

One of the identified river training measures is dredging in one branch and to dump the
spoil in a parallel branch to stimulate sedimentation in that parallel branch. This measure
can be simulated in a looped channel model, as sketched in figure 3.5-1. Initially this
measure was schematized by a lateral sediment outflow and sediment inflow at a single
grid point in two parallel branches. To make a simulation of one year first a simulation of
6 months is made, and after this run the bottom is reduced with the total dredged volume
during in that period and a restart computation for the next 6 months has been made.
Next this procedure is repeated more precisely with a simulation of one year in four
computations of each 3 months run time, see the bed profiles in figure 3.5-2. The model
results are compared with that in which dredging is schematized by lateral sediment
outflow at five grid points in the dredged channel. From this comparsion it seems that the
porosity of the sand should be considered in calculating the dredged volume. When the
lateral sediment outflow boundary is multiplied by (1-porosity) and distributed at five grid
points of the dredged channel, it is concluded that the model results match well with the
results of that model in which dredging is schematized by stepwise changes in the bottom
level of the dredged channel. The conclusion is that dredging can be schematized
accurately in the Mike 11 model by lateral sediment outflow at the grid points in the
dredged channel.
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