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. ABBREVIATIONS, DEFINITIONS AND UNITS
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@J;Bangledeeﬁ,g :e:'t fj;¥ ;‘The People s Republic of Bangladesh.epkfﬁ

.;iMinistry of :ommunications.f:q*

fnRoads and Highways Directo ate of the Ministry

of Cammunications

Government of Japan. _f

Former name of’JICA

_@The Brahmaputra—Jamuna-River.

TfJamuna River Bridge Construction Projec

:%;Tentative name of the bridge in the present c

Preliminary Study Réport. -r.l?r,eiiyﬁi.ﬁa.rsr.f eport on- the Jamuna River ' |
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Feasibility Report f'_l:ﬂpFeasibility Study Report on. Jamuna River_ﬁp

Volume.IlI‘ .”EBridge Construction Project Volume III,

:'Bridge.;:n" R
Feasibility Report ' ' Feasibility Study Report on Jamuna River
Volume IV . - Bridge Construction Project Volume v,
Railway 1inlcs.>;_..r
'Feasibility Report sFeasibility Study Report on Jamuna River-
Volume. v ' ”Bridge Construction Project, Volume v,
_ Road 1inks. . .
'Feasibility Report 4 _Feasibility Study Report on Jamuna River
Volume VI - Bridge Construction Project, Volume VI,.
' Geology and stone’ material _
Feasibility Report _. Feasibility Study Report on Jamuna River
Volume VIl Bridge Construction Project,.Volume VII, ‘
Traffic and economic benefits.
Feasibility Report_ ~ Feasibility Study Report on Jamuna_River'

Volume VIIT Bridge Construction'Project, Volume VIII,

_Overall,construction plan and economic

analysis,._

Main construction works Construction works comprizing Jamuna'Bridge,_
‘ . River control Railway 1inks and Road links.

Approach .'m o Railway and/or road between an abutment of
| the bridge and a point at which it almost
descends to the. normal formation; 5,100 m

: respectively from the abutments.

Railway link . . 'Railway between the end of the approach and o
' S a connection point on the existing railway.
Road links - Road between the end of the approach and a’
"connection point on the existing road _
Guide bank N . Bank built in the river to guide stream.
Cross dike - |  Dike built in the river to check. river flow
B ' '_and support the function of the guide bank
Cross.dam-:] : Embankment built across the Dhaleswari river -
- " ” _to close.
WL SR : B Water level
WL o ,High water level.

.l'LWL_.": o Co ;”Low.water level,
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1. Objective and progress of the study._c

The objective of this report is to study suitability of the four o
candidate sites for bridge crossing from the viewpoints of geomorphology

~ and river morphology, to find an optimum plan for river control and.:

estimate the cost thereof; and to study scour depth at piers and make a ..
plan for protection against the scours : : S :

: o In December 1972 a team composed of Japaneee-government officials
was dispatched to Bangladesh with a view of. making a preliminary study
on the Jamuna .River Bridge Construction Project. ~ The Preliminary Study
Team, after having returned to Japan, proposed four candidate sites for _
‘bridge’ crossing; namely downstream of Bahadurabad, near Gabargaon, about
10 km downstream of Sirananj and about’ 20 km upstream: of Aricha. '

_ _ The present study was- undertaken by the River Study Team headed by
.Dr. Seiichi Sato, NIKKEN Consultants, Inc., who and/or whose staff _
visited Bangladesh over ten times to inspect the river, collect necessary
data and meet the staffs of the authorities concerned for discussions.

On the other hand in the 1973 flood season, topographic maps of
the four candidate sites were prepared by another surveying team and
-discharges were measured at the same time.

Using these data, preliminary designs for the four sites were made
in Tokyo and, in the meeting held in Dacca from October 28, 1974 to
November 6 1974 Sirananj site was chosen as the most suitable one.

In December 1974, the bridge axis was located at the SirajganJ site

based on aerial photographs ‘newly taken by the Surveying Team in November

1974, and following this survey, in the 1974/75 dry season, new topo-
graphic surveying including cross levelings over river widths were con-
‘ducted by the above Team. Using the new topographic maps and cross .
.- profiles of the Sirajganj site, the plan of river control and treatment
- of the Dhaleswari was completed The results of the study are briefly
mentioned below. : . : g SR '

2. Natural features of'the_river. '

The Brahmaputra River takes its rise in Lake Monosarwar which is
located in the northern part of the Himalaya Mountains; running through
the Tibetan Plateau from west to east, traversing the Himalayas in the
eastern part and’ running through the Assam Plain from east to west, turns

' to the south in the west of the Shillong Plateau. . After that, passing

through: the national border, enters into Bangladesh and, jolning the
.Tista River, running almost straight to: the -south, joins with the Ganges
'River near Aricha. = The river is called the ‘Brahmaputra-Jamuna in ‘its. .
“part from.the northern border to the confluence with the Ganges. After
.- the joining, -changing its name to the Padma,  the river goes ‘down to the._'
: southeast about 100 km and after joining the Meghna River near the town S



_of Chandpur, pours into the Bay of Bengal The drainage area stretches
-over, the three. countries of China, JIndia’ and Bangladesh This river is
-Q,one of the largest in the world .

. On the other hand, the Ganges River originates in the glacier of
‘Mt. Gangotori (6,614 m), runs. through ‘the Hindustan Plain from west to

. éast and turns to the southeast at:the .edge.of the Rajmahal Hill and-

.-then, flowing down in the. Ganges Plain, joins with the Brahmaputra~ -
.,Jamuna River at. Aricha.,,“l Ly SR L AR

The Catchment area and the length of the Brahmaputra-Jamuna River :
cat the confluence with the Ganges are 580,000 km? (224,000 mi2) and

2,600 km (1,620 mi). while those of the Ganges at the confluence are
§ 977 000 km2 (377, 000, mi2) and.2, 200 km (1 370 mi) : o :

‘ Meteorology of Bangladesh belongs to the tropical and has a clear'
distinction of two -seasons,. the dry ‘and the wet. At Sirajganj, the _
minimum of monthly mean temperature, 18° C, .appeared. in: January and the T
-maximum,. 29°C occured in April or May.” The lowest and. the highest in the
past are 7.2°C and 42.8°C. - The monthly mean humidity exceeds 80% in the
rainy season and about 50 to 70% in. the dry season. ‘ :

Most of the cyclones which are born in the Bay of Bengal attack the -
land of Bangladesh. ' However, theilr courses are mostly turned to the .east
as they move on. toward the land, hence they. usually do not affect much
the northwestern part of Bangladesh..,_' o ' o

Annual rainfall in Bangladesh ranges from 1 520 mm (60 in) to 6 350
mm (250 in) and is. ‘heavy in - the. northeastérn part and coastal zone and
-relatively light ‘in the area of the Jamuna. = About 80% of the annual

rainfall take ‘place in the monsoon season of May to September,_about 204_ -

. fall in the other ‘months and almost no . rain An December, January and
February S .

In the monsoon season, the river water coming from the enormous_f
‘catchment area outside Bangladesh is usually superposed on -the rain
water fallen in the land of Bangladesh causing an extensive and severe
inundation which reportedly covers about 30% of the land on’ ‘the average.
-.The area surrounding the Jamuna is habitually inundated over a width of

.7 .about. 100 km. .- The peak of the- discharge of -the Jamuna usually appears

.r'in July or August while that ‘of -the Ganges usually occurs in August .or

~-.-September. . 'Namely there 1s a time lag of about one month between them.

-The largest discharge ‘in the: past at--Bahadurabad is 3,210, 000 cfs in: ,;*
.1974 -and:. that at Hardinge Bridge is 2 582 000 - cfs in: 1961 ' e

_ The land of Bangladesh consists of Chittagong Hills, Western and
Eastern Barind’ Terraces, Tippera Surface formed in the Holocene Period :
._~and alluvial -plains. The ;alluvial . plains consist of. alluvial fans, T
-ﬁ:natural levees with back—swamp and tidal deltas (Sundarbans)

The geological borings conducted by the Japanese Geological Survey
. “Team show - ‘that -gravel layers are located ‘at .very deep ‘places ‘and covered

ﬁijby very. thick fine 'sand or silt layers. ;- Further, the . Team found fossil

-s3wood buried just below the surface of the gravel layers._llts ‘absolute - _.f

g

';lzaii%p_-;f"'u'“




.fage was estimated at 28 000 years of carbon dating. It may be inter—-

' ‘preted from these facts that the gravel layers were formed during the
Wiirm Ice Age and the thick fine sand and silt’ covering the gravel ‘layers
- were deposited during the Holocene Period : o

It is interpreted that the Berind Terraces were formed by the up~
heaval ‘of ‘the ‘earth from the Pleistocene onward ‘and the Tippera’ Surface .
.~ was formed during the Holocene Period, whereas the alluvial plains along

" the Jamuna, the Ganges and the Meghna are located in the’ ‘subsiding zones,
The Sylhet Depression is also: interpreted to. have been formed by con-
tinued ground dipping. “‘_" : :

: During the time of Major James Rennel who surveyed the rivers” of
Bengal between 1764 and 1779, the main’ course of the Brahmaputra wasg the
present channel of the 01d’ Brahmaputra. The course of the present:Jamuna

- was called the Jhinai in its upper: part and the- Jamuna in 1its lower part,

In 1810, Buchanan Hamilton observed the Brahmaputra threatening to divert
“to the present course of ‘the Jamuna River. McIntire suggests that the
'fdiversion is attributable partly to tilting of the East Barind Terrace
‘and partly to shifting of the Tista River to the present course which was
caused by tilting of" the West Barind Terrace. s : :

"3 Comparison of the four sites by the natural features of the river

i As a result of the diversion, new alluvial fans ‘are’ being formed

over the old alluvial. plain which was formed by natural levees:and baek

' swamps.  Bahadurabad and Gabargaon are located in the alluvial fan,

‘'Sirajganj is located in the natural-levee region and Nagarbari and :
. Aricha are located ‘in a natural-levee or delta region. As. the alluvial-
" fan region has been being: formed only since about 1830, it is still
~‘changing though it is: being stabilized little by little having small .

and narrow natural levees developing along the banks of river' courses in_
this region. On the other hand, the natural-levee region has no geo- : .
morphological_change. But the Aricha and Nagarbari area is being remark- "
ably influenced by the confluence of the Ganges and the Jamuna. - Near
Sirajganj 4in the'natural- levee region, there is an: old narrow - whose “
-width is about 6 miles.‘}”' SRS - :

“From the rivernmorphological study, 1t was found that the four can~ -
didate sites are rightly located at the nodes of variation of river width
‘and that the variation of the banklines is comparatively ‘stable at: these-
nodes, "As a. result of: the study of river width and banklines at:the.four
sites, it was found that the river widths at ‘the four sites are. almost '
constant except the Nagarbari site and displacement of ‘banklines are’ :
almost constant except -the ‘early 30 years’ from 1830 while the variation

at the Nagarbari site is quite 1arge."- e S :

After all from the geomorphological viewpoint the Sirajganj site s
- 1s the most sultable one ‘among . 'the ‘four, the Gabargaon: site comes- closely
. next, the Bahadurabad site compares unfavorably with the former’two and
“the -Nagarbari:site falls behind~ any of ‘the others. ' From the river-.
f"morphological viewpoint, the: Nagarbari -site is the worst one while the -
.- ‘other three are almost equal’ ‘judging from - the ‘fact-that ‘the variation of
- the 'displacement -of - banklines ‘is.almost constant'since nearly :1860; ‘but..
-the Gabargaon site is best and the- Bahadurabad and the SirajganJ sites '

=% -.._*“



_,are almost equal from the aspect of the size of width between the
banks.~ N : v
Therefore, from both the geomorphological “and. river—morphological
'points ‘of view, there is. nothing to choose between the two sites of
Sirajganj and Gabargaon.j SRRy ET S ;

_4 Strategy of river control

‘In general braiding of a river is associated with steeper slopes
'and larger sediment loads than meandering; and 1f the slope of ‘a stream
is excessive or the discharge is increased: to a relatively: 1arge magni~-
tude, the local rate of bank" scour and’ deposition may be of sufficient
magnitude to cause; the stream to braid : Do X

The present Jamuna River is a typically braided ‘one. But ‘at the
present ‘stage, we' can find no sufficient: study why the Jamuna is. thus
braided. - However, . ‘major causes for braiding may be'sought - ‘in the facts
- that (1) the discharge of the Jamuna was suddenly:increased by the
change“in courses of the Brahmaputra-Jamuna River and ' the Tista -River,

(2) -the present Jamuna has taken"its course along a depression running-
almost straight’ from: north ‘to ‘south, on dccount: ‘of which the slope of -
the Jamuna 1is steep- compared with 1arge rivers-as the Ganges class and
(3) length of: the river -in this alluvial plain is still short compared-
-with the magnitude of discharge and sediment load :

A braided river is presumed to be transformed eventually to- a' mean-—
dering one in the very remote future., 'The present Jamuna' River also:
must:have this nature, .Even 1f the Jamuna has this: nature, a state of
meandering can not be encountered within 100 or 200 -years from now,
because 1t is only less than 200 years since the 0ld Brahmaputra shifted
- its course to the present Jamuna. ' Therefore, the’ construction of the '

bridge should be planned on: the premise of braiding. B -

In this river, the braiding produces cliffy banks almost on the -
whole length of the river at least within the land of Bangladesh. The'
space between both cliffy banks is regarded as an effective width for
-flood flow. ' . .

Notwithstanding both the banks form - cliffs, such clayey bank as
‘seen at Sara on the Ganges is not ‘found on the Jamuna River. In other’

- words, no portion of the banks has ‘resisting power to erosion. It means.

that no portion of the banks can be fixed without any artificial pro~'
‘,tection.- This holds at’ nodes of braiding as well as at 1oops. _ :

“The' Japanese Preliminary Study Team recommended that four nodes of B
. braiding as ‘sites to be’ proposed for- bridge crossing. ‘This' is- certainly.
 .appropriate since the nodes have been standing at the present places at
" least for about one hundred years. However, this .is only ‘based upon’”
statistics and it is: very regrettable to ‘say that, at the’ present’ stage,-
. we cannot elucidate the reason why such nodes have’ been produced and
'-standing for such a long time as ‘one hundred years. '

R

Although it is very appropriate to choose a node as ‘a bridge site, :l'



we can_find no guarantee that these nodes will forever stand at. the’ . .
same places without any change in the forms. On the contrary,’ the fact
is that incessant erosion at banks has been occuring even at the nodes
of braiding;. it .is-a well—knOWn ‘fact that severe erosion has been =
“oeceuring. at .the bank: of Sirajganj and costly protection works are being

carried out every: year.. Therefore, even in case a bridge 1s spanned
"at such siltes, some revetment works will be inevitable s0 as to protect

the abutments of the bridge. : S ‘ L

On ‘the . other hand An every high-water season, flood -water habitu-
ally spills over both the banks .and: the lowlying land located- between...
the two. Barinds is always inundated irrespective of the river channels
and the.lands, This. phenomenon not only facilitates spilling to tri-,
butaries but.also produces incessant erosion at. banks._ In this meaning
this river may be called a river having no banks. Since it is very
difficult or, at the present stage, -almost impossible to revet the whol:
stretches of both the banks, only the stream channel at the’ bridge cross
ing site must ‘be fixed and protected from spilling or braiding

: For this purpose, the river flow which is extending over the. whole
. valley must.be interrupted by cross dikes on both sides and. confined to
. run_through.a fixed opening between the cross dikes.‘ In:other words, :we
‘must guide the. river flow into.a fixed opening by making use of .the
water-stage difference between the interrupted. area or -the dead water
and the opening space. . In this case, two guide: banks are inevitably
needed at both the edges of the opening space in order to protect the
" edges and. guide the flow into the opening as smoothly as possible.and
without any destructive influence on both the- cross dikes., In conclu-:
sion, guide-bank system must be. taken as far as a bridge is. not. spanned
over a quite long distance which far. exceeds the whole river width

. _ In planning the guide—bank system, it will become important problems
to determine the width of the opening space, .the length and the. shape of
the guide banks and the method of protection. of the guide banks and the
cross dikes.. Cross. dikes willﬂalso,be used for_the approaches_of,the
bridge.;,r~-:' : x : o : :

ﬂ. ‘The Inception Report gives thrEe factors, (a) stability of river
channel (b) construction cost of the bridge and (c¢) traffic volume, in
selecting the most suitable site for bridge crossing, from among the four
candidate sites.recommended. by the. Japanese. Preliminary Study. Team. . The

. ;-second factor, construction cost of the bridge, should be composed. of

cost of river control works and cost:.of super- and ‘substructures. of. the.
" bridge. On .the other hand, it is easily -expected that  the. cost of the.
bridge works will be increased almost proportional to length of ‘total
span or river width, while river control works will have. a tendency to

. .decrease. . Accordingly there may be .a minimum cost with respect to’

river width.. If there is.a. river width which minimizes ‘the cost, it y

must be compared with such a minimum river width. as suggested by: Lacey.

For :this’ purpose, the minimum: river width or the lower 1imit of river s
width must. be known beforehand R N

JIf the Lacey formula is also applicable to the Jamuna River,.

the ‘minimum. -stable width is’' calculated to be 1,500 . m (4,900: ft) for the
discharge 90 000 cub. m/s. This width is unpractical from the viewpoint



of maintenance of structures as well as construction works because the:
depth at thalweg between both guide banks will attain to .78 m below the
ground  level .if this width is actually formed. Therefore the Lacey
formula should not be applied to the present case.{-* = -

On the other hand, the Inglis formula gives a width of 2, 700 m or
8,700 ft at the same discharge. The two formulas give a quite large. - .
difference. * In the present planning,}therefore;fwe_studiedvit,:without
‘using those formulas; ‘from the aspect of natural features peculiar to
‘the -Jamuna River itself. 'Based on a study of the relationship: between
river width at the ground :level and  the: corresponding water area, 1t
was found that a minimum river width ‘exists corresponding to a given -
discharge. For instance, for a discharge of 90,000 cub.m/s, the minimum
river width was estimated at 3 900 m. We decided to adopt this method

5. Design discharge for bridge construction.

For determination of minimum river width and design high—water
level, we must set design discharge at each of the four sites. The -
design discharge for: each site should have a magnitude not less than
100-year return period 1in view of importance and. scale of the- projected
: bridge. : : -

_ Since there are no long—term records of . flood discharges except -

‘ those at- Bahadurabad, we had to derive the design discharge for each =

site from the return period of flood discharges at. Bahadurabad in con- =

. -sideration of branching of.the 0ld Brahmaputra River and the Dhaleswari
River and joining of the Hurassagar River. co -

e Probabilistic discharge at Bahadurabad was' estimated at 3, 278 000
cfs or 92,770 cub.m/s for 100-year return period and 3,358,000 cfs. for.
lSO-year return period. Since it was found that the influence due to
the difference between the. two - discharges is negligible it was decided
‘to adopt the 100—year discharge. '

The 100-year discharge at each. site was. determined on. the assump-
tion that the discharge to be diverted to the 01d Brahmaputra will be
- controled to 30,000 cfs by a barrage to-be bullt on the river, joining::
of discharge of the Hurasagar will be stopped by the back-water of the
Jamuna and the discharge of the Jamuna will be confined within:both

levees to be built in the future. The allocated dischargesfon the
‘Jamuna are as follows. : ' ' :

3 420 000 cfs or 96 850 cub.m/s for the’ reaches from the' :
: branching point of the 01d- Brahmaputra to: the branching
" " point of the Dhaleswari. -

3, 160 000 cfs or 89,490 cub.m/s for the reaches from the

~“branching point of- the Dhaleswari to the confluence
with the Ganges.' : . ; :

6. Scour at’ bridge piers.'

Scour depth at. bridge piers was studied using several formulas. It
was found from.the study that the Andru formula is: applicable .to a pler -

R L T R




--larger than about 10 m. in width

: If we adopt ‘a well type as substructure, the width of the diameter

-will be of the order of .12 m,- It: was found in this case that the depth
of scour ranges from about 60 m to about 100 m below the water surface
_ .according as: the. guide-bank span and bridge site, L

Bridge piers should be sunk deep enough to stand by themselves with-
out: any:protection around. them. If. .there are some reasons. that. this is
technically:very difficult or .too: uneconomical we ‘must " consider some
" protection works although undesirable. - For' this. purpose, a- study was,
_made of range of protection and size of stones to be placed “around. piers.

Cross sections of the river were surveyed near every bridge site
_every year from 1965/66 to 1971/72. Superposing these sections at every
site, it was ascertained that changes: of .chars and .thalwegs are g0 |
remarkable that the position of thalweg is not fixed within a section.
: Therefore, depth of the piers must- be the ‘same over. the whole guide-bank
span. | . S .

7;yPreliminary design and. conparison of.the;four sites;;

For comparison of the construction costs of the project, preliminary-
‘design of the:river: control works ;was made . using topographical.and-
hydrological data which had been obtained. before. the flood season. of .1974.
For the convenlence’of comparison of the river: control works, .three kinds
of :guide~bank ‘span were. considered at every- site, . Type-A guide-bank &pan
is 2,000 m which is a minimum river width in- the: dry season at the nodes .
of braiding, ‘Type-B is about 4,000 m ‘'which is a minimum river width corre-
sponding to the:design. diScharge, and Type—C is: the natural river width
at every site averaging about 5,500.m. :

The length and the alignment of the guide banks were designed after
‘Gales and falling—apron system was adopted. in consideration of . lowering
of river bed which will occur due to the constriction formed by the guide
banks.and "local scouring which. will possibly occur due to thalweg. Size
of stones for the apron was:studied .and it was verified. that so-called
one-man stone.is enough for apron works.. But it was recommended to use
stones ranging from 60 kg to 100 kg . for pitching the face of the. river-.
. side slope of the guide bank, ‘'The cross dikes were: designed so.as to -

support 'the function of the guide banks.. co Doy e

Concrete blocks and soil cement blocks were also studied as alter—
native materials, for stone. . The former . necessitates a large quantity of
cement and .aggregate,.and: the latter necessitates quite large size or
some connecting device such as steel jacks because of,shortage of durabi-
lity and less specific weight. - Both the methods are technically unreli-

~able and uneconomical compared. with. the. method of stone'at the present
.stage, We decided therefore to use stone in’ the., present plan. However,
it is strongly recommendable to exploit stone material in the Bangladesh
territory ‘or develop other methods not to’ necessitate stone: material
hefore entering implementation of the project. :

The guide banks were. planned to be built with dredged sand Stone
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_pitching work when executed on the ground was planned to be carried out:’
in the order; (1). 1oading by tractor shovels, (2): carrying by dump . trucks
and (3) pitching by ‘man-power. ‘But in places where ground work. is im--
_possible, the following method was planned;. (1) loading by tractor

' shovels and dump ‘trucks, (2) .carrying by bottom—hopper barges and (3)
placing .in the water from the barges. Principal construction machinery
‘required for these works were tractor. shovels, dump-trucks,: tire dozers,

“ bull dozers, vibro-pile drivers, crawler cranes, engine dynamos, " bottom—_ o

hopper barges and pump dredgers. Besides this, 'a large quantity of
stones,'sheet piles, fuel and other materials ‘were required

‘Thus . the construction costs of the river control WOrks were esti—-
mated for three kinds of guide-bank span at. every ‘bridge site and are .. .
shown in Table.5-14. The estimates were made on the condition mentioned
in 8, Chapter V but do not contain costs ‘required: for. such facilities °
as construction bases, motor pools, materials stock yards, temporary :
roads and temporary railways. : : L

The Inception Report -mentions  that three factors, (a) stability of
river channel, (b) construction. costs and (c) traffic volume must . be
taken as the condition for selecting the most suitable sitefor bridge
crossing. = From the viewpoint of the first factor, it was ascertained
that the two sites of Sirajganj and Gabargaon are the best among the
four and there’ is nothing to choose between them. Taking into consider-
ation the other 'two factors together, that is, further considering the
total construction costs including those'of the river control works and
the traffic volume estimated at the stage of the preliminary design, -
it was decided to.take the Sirajganj site as the most suitable one for
‘the bridge crossing o :

8. River control works at the Sirajganj site and treatment of the n
Dhaleswari River. . . .

Based on topographical and geomorphological consideration of the
aerial photographs taken by the Surveying Team in November 1974, the.
bridge axis was chosen about 12 km downstream of the town of Sirajganj
This site has advantages of. having only one main stream and lying under
the protection of the Sirajganj bank protection works as well as the
narrow of Sirajganj. In accordance with the idea mentioned previously,
guide-bank system was: adopted. Arrangement of the guide banks and the

'cross dikes ‘are shown' in Fig 8-1 J .

- In this case, ‘the bridge approach on- the left side ‘of the river must
cross the Dhaleswari River.. If ‘the approach will cross the river by a
bridge, the opening on this approach may have-a possibility of ~inducing’
‘flood- flow. ‘thereto and causing serlous damages to the: approach ‘and the"
bridge as well.  In ‘order: to protect the -approach from this menace,: we _
will have' to place another pair of gulde banks around this opening, ‘and
that the palr of guide banks will have to be built nearly on'the same .
.scale .as the.main guide . banks. . Especially,’ the right' guide bank on the’
Dhaleswari will have to be connected. with ‘the left gulde bank of the’

f_ Jamuna. This system ought to’ need another huge cost and,:in spite of

' this treatment, will not be able to'escape from the menace: of: strong '
3 flood flow to’ run through the opening Therefore we decided to’ cross e

'
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" ‘the .Dhaleswari by -a cross’dam-and to connect’ the Dhaleswari with the:

- “Jamuna by excavating. a new channel. making use of a'branch located about

. 6- km downstream of the bridge axis. The new: channel is shown_in o

R The guide-bank span was set at 4 680 m- ‘or 15, 354 ft arranging 26 -
piers of 13 m in diameter and 27 spans 177.5:m in each length adjusting
“minimum river width calculated based on the design.discharge of = .
3,420,000 cfs. . The design: high-water level at the bridge axis was: cal—
_ culated at 15.25 m.or 50.033 ft PWD assuming that the design-discharge
~is confined within the levees on both sides of the river until it
diverts to the Dhaleswari through the new channel ‘located about 6 km
downstream of the bridge axis. From the caleculation of water levels, we
found that the'constriction due to the guide banks and the replacement
of ‘the .inlet channel of the Dhaleswari will cause a rise of water level
- of only 9 cm at a point closely -upstream of the bridge and loss of head
due to piers is only 2.5 cm. : - .

- The alignment and the length of the guide banks with falling apron
are shown in Fig.8-1 and DRW No.VIII-1l. Standard cross section of them
. are shown in Fig,.8-6 and DRW No.VIII-1. Weight of stone for apron was

determined. as 30 to 70 kg, but 60 to. 100 kg is-neceSsary-for'revetment
‘on river-side faces . N o

The Dhaleswari River may easily be closed, since the river almost
runs. out.of flow in the dry season., The river shall be closed by a.
'cross dam and. road-cum-railway approach shall be banked thereon. A
typical cross section .of . the cross dam is shown in Fig.9-1. The new
inlet channel of the Dhaleswari must secure the same water areaas . the
present one. Considering this matter, standard cross section of the
new channel was determined as shown in Fig.9-2, . ... S

Quantity of the guide-bank works and the Dhaleswari new channel
works are shown in Table 10-1, but quantity of the cross dam works: is
incorporated in . the. bridge construction works -as a part of the left
bridge approach : . : S ; :

One guide bank shall be completed in two years. The’works shall: be.
started with right bank and shall be shifted, to.the left bank after
completion of the right bank.. Opening works of the Dhaleswari new.
channel shall be commenced in the year following completion of the left
gulde bank and completed in three years. 1In order to avoid being filled
- up by sediment .during the flood.season, .theé new channel shall be opened
. in the first .year. over the whole length in a small width and completed
by widening in the: following two years, . Further, dn the year of com-
mencement of ‘the cross dam works, the left ‘road link as well as-the- left
bridge approach shall be completed. contemplating ‘that ‘these -structures:
will prevent. disturbances of streams. located over the -area in the north -

" of the new channel and assist the new channel to function as. a flood~ -
- way without being £11led up- by sediment._ The. execution schedule of the
- river works is shown in; Fig 10 2 ST P ST e T b e

For the purpose of communication and transportation, the right rail-'

'\_way 1ink a ‘road on the right side of .the river, main and branch con-.

-struction bases, stone. stock yards and a field office for the new channel.



shall be connected as shown in Fig 10—3.

Banking of the guide banks was planned to be ‘executed by dredging in -
a way shown in’ Fig.10-4 and 10~5.. Stone pitching was. planned to.be . .
carried out by loading by tractor ‘shovels in the stock yards, carrying
by heavy«duty dump - trucks: and - pitching by manpower with: the assistance of
tiredozers. Opening works ‘of the Dhaleswari new channel was planned. to:
be carried out by the dredger which was used in fthe: guide-bank works._
:Spoil was planned to be dumped in adjacent depressions separated by sheet:
piles from the new channel. Number of principal machinery required for
these works are summarized in Table 10-2. Quantity of major materials '
.and daily maximum number of labor at work sites are shown in Tables
10-3 4 and Table 10-5. :

In estimating the costs of ‘the river works comprising ‘the guide
banks and the Dhaleswari new channel, unit prices of materials, equip-*“
ment and labor to be procured locally and to be imported from abroad
were set based on the results of surveylng of the Price Survey Team -

. organized by the JICA in July 1975. Accordingly: the costs. estimated in
this report are those as of July 1975.

As mentioned previously, we decided to use stone for protection of
gulde banks and plers. However, at present, neither exploitaticn plan
of hard rock is found in the Five Year Plan nor gtart has yet been made
with the exploitation. Therefore, in this study,.we decided to plan to
import it from abroad. Estimation of cost of stone was made, based on
the results of surveylng of the Stone Material Survey Team, on the assump-
tion that stone material would be imported from India. - ' ‘

We assumed that import and ‘excise taxes will not be imposed “upon.
the materials and equipment to be imported for this project.. The.unit -
prices used in this report are summarized in Table 10-7 _ :

. The costs of the river works are shown in Table 10-8.  .The costs
-required for cross-dike works and cross dam works are incorporated in the
. costs of bridge construction as a part of the bridge approaches.

_ It was planned to import major equipment and materials required for -
.the river works. ' But.transportation costs are included in the pre-
sent cost estimation. :

. Maintenance costs for the river facilities will contain those
required for . inspection, surveying, repalr of the guide banks, mainte-
‘nance of the Dhaleswari new channel and management including maintenance
of offices. Therefore, the maintenance costs, together with those
required for the bridge, will be dealt with in Volume VIII OVERALL CoN- -
-STRUCTION PLAN AND ECONOMIC ANALYSIS. :
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:?_ Unit Prices. .
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- FOB Cost of Equipment.

- Cost of Materials. o .

:10-12-1- Construction Cost'by*Yearr(Guide'Banks).

10-12-2 Construction Cost by Year (Dhaleswari New Channel).
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 CHAPTER I -
_'INTRODUCTION

ll. Objective;'f

The objective of this report is to study suitability of the four -
candidate ‘sites for bridge crossing from the viewpolnts' of geomorphology
and river morphology; to find an optimum plan for river <control and.
estimate the cost thereof and . to .study scour depth at piers and make
a plan for protection against the scour._;_:. .

The study was made by the River Study Team headed by Dr. Seiichi
Sato, NIKKEN Consultants, Inc. during the period from August 1973 to
March 1976 in accordance with the Inception Report submitted by the
Japan International Cooperation Agency to the People's Republic of
Bangladesh in August 1973. .

2. Progress of the Study.

The Preliminary Study Team for the Jamuna River Bridge Construction
Project dispatched in December 1972 by the Overseas Technical Cooperation
Agency, the Government of Japan proposed four candidate sites for the
bridge crossing, namely, from upstream to downstream, downstream of
Bahadurabad, near -Gabargaon, about 10 km downstream of Siragganj and
about 20 km upstream of Aricha.’

For the purpose of inspecting the Jamuna River ‘and collecting data
required for: the study on the above-mentioned four sites, Dr. S. Sato,
N. Jitsuhiro and T. Nobe were sent to Bangladesh from September 3, 1973
to October 18, 1973. Next, K. Adachi and K. Kurosawa. were sent to
Bangladesh from November 8, 1973 to December 22, 1973 with a view to
inspect the Jamuna River and collect data required for planning the

. execution of the river-control works, and M. Ohya was sent to Bangladesh
" three times from January 4, 1974 to 16th of the same month from March
16, 1974 to 30th of the same month and from January 5, 1975 to January
19, 1975 in order to inspect the Jamuna River and collect data from the
viewpoint of geomorphology. Further, Dr. Sato was sent from February
18, 1974 to 27th of the same month with a view to inspect a dry state of
the river basin."“ :

‘Using the data. collected both in Bangladesh and in Japan and further.
using the data on discharges measured in the 1973 flood season and the
topographic maps prepared by the’ surveyings in the same season, studies _
were made in Japan of the features of the river, river control works for
the bridge construction,. scouring around piers, execution of the works,
" equipment for them, and preliminary design for the river control works
- was made together with rough estimate of the costs.

_ At the stage of completion of the draft report Tokyo Meeting was
_ held from August 31, 1974 to September 13 1974 to discuss the selection



of the most suitable site for bridgE”crossing and several problems in
every study field of each study team. This discussion was further
continued in Dacca Meeting which was held from October 28, 1974 to
November 6, 1974. 1In this meeting, Sirajganj site was chosen as the
most suitable one, ' — ' :

During the - stay in Dacca from November 29, 1974 to December 14,
1974, Interim Report was submitted to the Ministry of Communications
and the bridge axis was located at the Sirajganj site based on the-
_‘aerial photographs newly taken by the Japanese Surveying Team in-
*November 1974% . ‘

oo
vl

Following the’ above aerial survey, new topographic surveying .
including cross levelings over river widths were made at the Sirajganj
site by the above-mentioned surveying team in the 1974/75 dry season.
Based ‘on’ these surveying results and using additional data on 1975~
flood, studies were made to complete the plan of river control for .
the bridge crossing and the plan of treatment of the Dhaleswari River.

. Of these studies, the studies before sellection of'Sirajganj
site are described in Phase I as the first stage of the study. And
the studies after sellection of Sirajganj site are described in
Phase II as second stage of the study. '

Jd{ATStaffs‘of'the'River Study;Team.‘

This study was undertaken by NIKKEN Consultants, Inc. Majorfdyl'
staffs who were engaged in the study were as follows. e

“Seiichi Sato, Dr. Eng. Team leader
. Masahiko Ohya,’ Dr. Scr o Geomorphology
"' Shoji Kawabata . . R Planning of river works
Noboru Jitsuhire =~ ' _Hydraulics .
" Takayuki Nobe ' 'Bydrology
" Ken Mitani . . " Execution of the works
" Kenji Adachi "~ " " Comstruction equipment
-~ Kazuo Kurosawa . "' | | Construction equipment’

_Q.f'Acknovledéementeli_ . o
- The' Study Team wishes to extend its highest appreciation for the_'
cooperation offered by the authorities concerned of the Government of

the People's Republic of Bangladesh, especially its. whole-hearted

‘“Wgratitude to the staffs of the counterpart team, and the Team wishes

to express’ its gratitude to the Embassy of Japan in Dacca for their
bkind cooperation and encouragement. '
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CHAPTER II

| THE BRAHMAPUTRA-JAMUNA RIVER

‘1. General Features of the Brahmaputra-Jamuna River.

The Brahmaputra River .as shown in Fig.2-1l takes its rise in Lake
Monosarwar which is located in the northern part of the Himalaya
Mountains, running through the Tebetan Plateau from west to east, and .
traversing the Himalayas in the eastern part, running through the Assa,
Plain from east to west, turns to the south in the east of the Shillong
Plateau. After that, passing through the national border, enters into
Bangladesh and, joining the Tista River, running almost straight to the
south, joins with the Ganges River near Aricha. The river is called
the Brahmaputra-Jamuna in its part from the northern border to the
confluence with the Ganges. After the joining, changing its name to the
Padma, the river goes down to the southeast about 100 km and after join-
ing the Meghna River near the town of Chandpur, pours into the Bay.of
Bengal. The drainage area stretches over the four countries of China,

. Bhutan, India and Bangladesh This river is one of the largest in the
world. o '

_ On the other hand, the Ganges River originates in the glacier of
Mt. Gangotori (6,614 m), runs through the Hindustan Plain from west to.
east and turns to the southeast at the edge of the Rajmahal Hill and
then, flowing through the Ganges Plain, joilns with the Brahmaputra—

. Jamuna R:Lver at Aricha.

The catchment areas and the lengths of the two rivers are as
follows. : - :

‘a. Catchment areas.
The Jamuna. River:

from the headwaters to - the Bangladesh border - 533,000 km?
(206,000 mi?)

from the border to the confluence with the Ganges 47.000 km2.
: (18,000 miz) .

The Gaoges River: R
. from the headwaters to the confluence with the 977,000'1(5112

Jamuna : o _ : ' _(377,000 mi2)
The Padma River = - . - 13,000 km?
. o . (5,000 mi2) -
' The Meghna River: - o : - - 80,000 km?

(31,000 mi?)

‘Total : 1,650,000 km?
o (637,000 mi?)
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b. Lengths of the rivers.

The-Januna River:

i "‘ '

from the headwaters to” the Bangladesh border 2,350 km

{1,460 mi) -
_ from the border to the confluence with the - 250 °km -
B Ganges

The Ganges River' A ' G '

i‘:

“'Vﬁl“ from the headwaters to the confluence with ;" 2,200 km
: Jamuna R : ‘. o o (1,370 mi)
: The Padma River. RS P 100 km
s e T o I Ll (60 mi)
The Padma—Meghna River- 'j 'f:'= . ﬁw"
" from: the confluence with the Meghna to the 0130 km
. Bay of Bengal B L : : ' (80 mi) .~
The total length of the Jamuna River (up to the . 2,600 km

confluence with the Ganges) o L (1,620 mi)

The river slopes of the Jamuna and the Ganges are about 1/15 000
and 1/20,000 respectively The Jamuna is” steeper than the Ganges. -

The meteorology of Bangladesh belongs to the tropical and there
is a clear distinction' of two" 'seasons, the dry and the wet. According
to the records of temperature measured at the’ Sirajganj meteorological™

L station,_the minimum of" monthly mean temperature appears in January at .

about 18°C and the maximum occurs in April- or May at about 29°C., The .
lowest temperature. and the highest in the past .are 7.2°C and 42.8°C
respectively. The monthly mean humidity exceeds 804 in the rainy
season’ and about 50 to 7OA in the dry season.“

. Most of the cyclones which are: born in the Bay of Bengal attack the
land of Bangladesh. However, their courses are mostly turned to the
.east as they move on toward the land, hence they usually do not affect
much the northwestern part of Bangladesh _
. Annual mean rainfall in Bangladesh ranges from l 520 mm (60 in) to
6 350 mm (250 in) as shown in Fig. 2-2 and is heavy in .the northeastern
‘part and coastal zone and relatively light in the.area of the Jamuna.‘f
. About 807% of the annual rainfall occur in the monsoon season of May to:
September, about 20% fall in the other months and-almost no rain in:
‘December, January and’ February. According-to the records at the Bogra--
.and ‘Sirajganj meteorological stations located on and around the Jamuna,
;the monthly rainfall is about 330 mm or .13 in on the average and occa=."
sionally—exceeds 760 - or- 30 in at maximum.rgrmf' - . “re

In. the monsoon season, the river water coming from the enormous
‘catchment area outside Bangladesh is usually superposed with the rain’
water fallen in the: land of Bangladesh causing an extensive and severe
inundation which covers about 30% of the land. The area surrounding
the- Jamuna is habitually inundated over a width of about 100 km.

e
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Fig. 2—3 shows the discharge hydrographs at Bahadurabad on the
Jamuna and at’ Hardinge Bridge on the Ganges. The peak of discharge
of the Jamuna usually appears in July while that of the Ganges occurs
in ‘August or September. Namely there is a time lag of about one month
between them. .t.g : ' o ' ' S

S The water stage at Goalundo which is located downstream of the’
confluence of the Jamuna and the Ganges is influenced by the two.
- rivers and the high-water stage usually continues for about five months
“from ‘June up to October. The largest discharge in the past at
?._Bahadurabad is 3,210,000 cfs in 1974 and that at Hardinge Bridge is-
‘2,582, 000 cfs in 1961._ :

2. Geomorphological Features of the Jamuna River
-2 l Geomorphological features of the 1and of Bangladesh

: M.~ Ohya prepared a geomorphological 1and classification map of the
land of Bangladesh utilizing the photographs taken by the Earth Re-
sources, Technology Satellite (ERTS) during the period from December
1972 to February 1973. This is shown in Fig. 2-4, which indicates
that the land is divided into three parts. (1) mountains, (2) Terraces
and (3) plains. el

The mountains are 1ocated in-the south—eastern part of the
country and called the Chittagong Hills. _The ‘mountains -are folded
mountains and its. dip is from NNW to SSE R 7f '

The terraces which were formed during the Pleistocene period
by an upheaval ground movement ' ‘occupy’ the space between the Ganges
and the Jamuna-Rivers, and the Jamuna and the Meghna Rivers. Accord-
ing to Prof. McIntire, the. former ‘is called Barind Terrace, and'the
latter, Maduhupur Jungle (136 GM). "Both of them are surrounded by
several fault scarps, But according to Prof. Mohamed, both of them .
are called Barind Terrace. . In. this paper, we want to follow the opinion
of Prof. Mohamed | (137 GE) and. further .call the former Western Barind. '
Terrace and the latter -Eastern Barind- Terrace. The alluvial plain
has plenty of . ground water but there ‘is- little water in the terraces.
‘This was revealed by infrared photographs taken by ‘the Earth-Resources
‘Technology Satellite from December 1972 to February 1973. On these |
photographs, the terraces were indicated in white color, while the
-alluvial plains were - indicated in black color on account of the
differences in ‘the condition of ground water. ‘Utilizing the differ-
ence 1in color, the. writer divided ‘the area into - the terraces and the

'._alluvial plain..’ According to McIntire (136 - GM), ‘there are no differ-

‘ences -in" grain size and species of minerals of - s0il between the

" terraces and "’ the ‘alluvial plain. . But due. to- oxidization, ‘color of the
. soil is red in ‘the terraces but . white'in’ the alluvial plain. The
_terraces are stronger against erosion by. streams than the plain.'

. Eastern Barind Terrace shows a triangular form The terrace is

. divided into two: groups, -upper terrace and lower terrace, each of which
.1s dissected by several valleys whose directions are from NNW to SSE.

';v;There are cliffs, which are from 2 to 10 meters high located between :
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the terraces and the allhvial plain;’ The cliff is very clear along the
western edge of the . terrace, but along the eastern part of the terrace

it is gradually shifted from-the terraces to.the alluvial’ plain.. This

shows that Eastern Barind-Terrace is tilted blocks. The city of Daceca
1s located'on the southern edge-of the loweriterrace. '

There are several shallow valleys from north to south in Western
Barind Terrace. These shallow valleys are former river courses which
~ originated in'the Himalayan Mountains and flowed to the Ganges River.
" 'Western Barind Terrace is spread on the left: .side’ of the Ganges but
small part is spread to the right bank, i.e..southern part of the Ganges.
This implies that the Ganges is antecedent river in this place and the '
part of the terrace was upheaved after the Ganges took the. present river
course, : :

There is Tippera Surface whose height is from 3 to 6 meters on
the left bank of the Meghna River. The surface was formed during the
oloeene Period by an upheaval of the ground '

The whole‘area of Bangladesh is an alluvial plain except for
the above-mentioned, the terraces which were formed during the
‘Pleistocene Period and -the other terraces which were formed during the
Holocene Period :

Generally speaking, alluvial plains that are located in the

: Orogenic Zone like Japan consist of the following geomorphological

elements: alluvial fan, natural levee, back-swamp and delta (138 GM).
‘Bangladesh 1s located in. the Alps—Himalaya Orogenic Zone. - And there
are the same_four.geomorphological“elements as in Japan.’

-Alluvial fans were developed in the northern part of Western
_ _Barind Terrace, the upper reaches of the Jamuna River and the foot
__of Shillong Plateau. C ‘

‘ There are many alluvial ‘fans at the foot of Shillong Plateau.
But area of each alluvial fan is small. Furthermore, the apexes and
central parts of the fans are located in the:Indian territory. Only
lower edges of the fans are located in the Bangladesh territory. .
There are gravels in the apex and central part but. few. in the lower:
edge of fan. : : ;

"The northern part of Western Barind Terrace is. covered by allu-
‘vial fans which have been formed by the Tista River, the Karatoya
River and ‘the Atrai River which originate in" the Himalaya Mountains.
Almost all of the deposition layers in the fans are composed of sand
-and some few gravels, because chemical weathering is strong in the -
‘ tropical or suh tropical region. -

_ From a geomorphological viewpoint we can divide the  Jamuna River
into two parts, (1) the upper reaches and (2) the lower" reaches. ‘By
the upper reaches, we mean, from the border between. India and Bangladesh

Lto Sirajganj ‘and by the’ lower - reaches from Sirajganj to the junction of

the Ganges and Jamuna Rivers. Inthe upper reaches, width of the river
is wide and composed ‘of a4 network of smaller streams. :-The upper. reaches
of the river are’ characteristic of those in the alluvial fan Jbut- the
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TIDAL FLAT

SAND SPITS

WATER SURFACE

‘Explanation of the geomorphologic map

The geomorphologic map has been prepared utilizing the mozaic of
the photographs of Earth Resources Technology_SateIlite as'é base
map. The photographs were taken in the dry season in 1972,

Utilizing the photographs of the ERTS, the topographic maps or

- geological maps and field observation by helicopter and jeep, one could
classify the area into the geomorphologic elements as shown in the
explanatory notes. : ‘ _

In the photo-inter'pretation of ERTS for geomor'phdlogic land classi-
fication, near-infrared photographs are most suitable. Because in the
photographs, the water surface i,e, river, lake, sea etc. is photograph-

“ed as a black colour and the marshy land i, e, back-swamp, tidal flat
etc. and the dry area i, e, terrace, natural levee etc. is photograhed
as a white colour. So, by distinguishing the contrast of the colours,
one can classify the area. ) S '

The violet line 'des_ignates the boundaries of topographic divisions.
The dotted violet line shows the .variation of the slopes in each topo-
‘graphic division. - . S

The area consists of three groups of topography. One is mountain-
ous regions, i, e, Shillong Plateau and Chittagong Hill. The area con-

sists of hard rock. The second is terrace or dissected fan. The former

s Eastern Barind Terrace or Maduhupur Jungle. “The city .of Dacca
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Explanatlon of the geomorphologlc map

The geomorphologlc map has heen prepared utlllzmg the mozaic of
the photographs of Earth Resources Technology Satellite as a bage
map. The photographs were taken in the dry season in 1972.

Utilizing the photographs of the ERTS, the topographic maps or
“geological maps and field observation by hellcopter and jeep, one could
classify the area into the geomorphologic elements as shown in the
explanatory notes, :

In the photo-interpretation of ERTS for_geomorphologio land classi-
fication, near-infrared photographs are most suitable. Because in the
photographs, the water surface i, e, river, lake, sea etc. is photograph-
ed as a black colour and the marshy land i, e, back-swamp, tidal flat
etc. and the dry area i, e terrace, natural levee etc. is photograhed
as a white colour. So, by distinguishing the contrast of the colours,
one can classify the area. -

The violet line designates the boundaries of topographic divisions.
The dotted violet line shows the variation of the slopes in each topo-
graphic division.

The area consnsts of three groups of t0pography One is mountain-
ous regions, i, e, Shlllong Plateau and Chittagong Hiil. The area con-
sists of hard rock. The second is terrace or dissected fan. The former
is Eastern Barind Terrace or -Maduhupur Jungle.  The city of Dacca
is situated on the terrace. The latter is Western Barind Terrace.

These terraces have been formed by upheaval ground movement,
Surface geology of the terrace or dlssected fan .is harder than that
of the alluvial plain. . : .

The third is alluvial plain. The plain consists of- fan natura] levee
back-swamp, upper deita and delta. The fan in thls region is com:

' posed of sand and has gentle slope. A remarkable difference is seen
between the fan in the area and the fan in Japan Whlch ‘consists of
sand and gravel with steep slopes. The former or old_er delta is lo-
cated in the lower reaches of the Old Brahmaputra ‘and Sirajganj
and its surrounding, and the upper delta is located m the western
part of Comilla. The former has been formed before 1830, by Old
- Brahmaputra and Tista etc. the latter has been formed by the up-
heaval ground movement, o

The geomorphologic map serves not only the purpose of studymg
*- geomorphology and geomorphologic development but also. the pur-
pose of estimating the flooding, condition of the ground water at a
level close to the surface of the ground. The geomorphologic maps'
will also help one to investigate the conditions of soil, because the
- result of geomorpholog1c classification c01nc1des w1th that of the soil
classification. _ _ _ .

And that is very useful fof the purpose of establishing plans for
land " development {i, e, road constructlon, brldge construction ete.)
land conservatlon and 1mprovement project.

e e e i o e R A A R L W Bl




3 m

b

s

latml

o

e o)




BRSO A AL VAU LI S53 e =
The area consists of three groups of 'topog'raphy. One is mou'ntain.

ous regions, i, e, Shillong Plateau and Chittagong Hill. The area con-

sists of hard rock. The second is terrace or dissected fan. The former

is Eastern Barind Terrace or Maduhupur Jungle. The city of Dacca

is situated on the terrace. The latter is Western Barind Terrace.

These terraces have been formed by upheaval ground movement.
Surface geology of the terrace or 'dissecte_d fan is harder than that
of the alluvial plain. ' ‘ _

The third is alluvial plain. The plain consists of fan, natural levee,
back-swamp, upper delta and delta. The fan in this region is com-
posed of sand and has gentle slope. A remarkable difference is seen .
between the fan in the area and the fan in Japan which consists of
sand and gravel with steep slbpes. ‘The former or older delta is lo-
cated :in the lower reaches of the Old Brahmaputra and Sirajganj
“and its surrounding, and the upper delta is located in the western
part of Comilla. The former has been formed before 1830, by Old
Brahmaputra a_nd'Tista etc. the latter has been formed by the up-
heay"al ground movement. ' ' : '

The geomorphologic map serves not only the purpose of studying
geomorphology and geomorphologic development, but also the pur-
pose-of estimating the flooding, condition of the ground water at a

level close to the surface of the ground. The ‘geomorphologic maps

will also help one to investigate the conditions of soil, because the

result of geomorphologic classification coincides with that of the soil
classification. - .

‘And that is very useful for the purpose of establishing plans for -
land development (i, e, road construction, bridge construction etc.)
land conservation and improvement project.
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features of the lower reaches are characteristic of those in a natural
levee region. : :

But the pattern of the geomorphological elements in the protected
area or inland area far from the Jamuna River is different. For example,
on the left bankiof the Jamuna'River, the lower edge of the alluvial
fan is located. at the town . of Gabargaon There are natural levees . and

- back-swamps in the fan region.; Also the lower edge of. the alluvial fan

- along the river is extended further than ‘that of the protected area or

. the inland region. This shows that the natural levees and ‘back-swamps

.were first formed by the Tista River etc.; but after this; the Jamuna
-+ River formed a new course and a new fan in the above-mentioned area.

f The alluvial plains which are located in the southern part of the
-- Ganges River were formed mainly by the Ganges River. From a geomorpho-
; loglcal view. point, the area is divided into two parts; (1) natural-
levee region and (2) the tidal-delta region. The border line between
© these regions ig the line connecting the City of Calcutta Khulna,
g Gopalgenj and Madaripur.- Back-swamps deccupy the space between these
- natural levees. D : ' '

) The;tidal—delta region is called SundarBans;- The area is covered
" by dense-forests; And we can see mangroves, nippa palms, geaa etc.

A big swampy region is located in the south-western part of Sylhet
“i.,e. in the upper reaches of the Meghna River. The swampy reglon was

- formed by ground dipping

L 2.2, Geomorphological development in the plain of the Jamuna..-'

2. 2 1. Influence of the glacial eustaay to the geomorphological
development

'As noted the glacial eustasy occupied during the Pleistocene

~ Period. The lowest water level during the Wiirm Ice Age was =100
meters below sea level (25,000 years ago). At that time, a large
‘quantity of sand and gravel was transported: by the rivers from the
mountains because of the extensive mechanical weathering caused. by
the' low temperature, . The ‘large amount of sand and gravel which were:
transported by the rivers developed large ‘fans.at the foot of the
mountains. We: can trace the gravel layers by the’ geological boring
logs in Japan, Korea, Formosa and Vientiane Plain in Laos. -

There are geological records of borings along the Jamuna River,
which were prepared by the Japanese Geological Survey Team. Fig. 2-5
shows the geological records of borings at Bahadurabad, Gabargaon,
Siraganj and Aricha. - You can see gravel or sand and gravel layers at
deeper part of each geological -record. These gravel layers are covered
by sand and ‘thick silt-layers. The slope of the surface of the gravel
layer between Sirajganj and Aricha is-0,56/1,000. The slope of the
surface of the present:ground ‘between ‘Sirajganj and Aricha are from
~ 0.04/1,000 to 0.05/1,000. Thus, the slope of the gravel layer is
‘steeper than that of .the surface of the ground. The writer thinks that
these gravel layers which are seen in each geological record of the

..]3- |
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borings were formed during the Wiirm Ice Age. Because the absolute age of .
buried fossil wood which were found- just. below the gravel layer. was.
28,000 .years of carbon dating. ' The sand and. silt layers on the top of
the gravel layers were. deposited during the Holocene Period.a e

In the .case of Japan and Korea, there are marine layers on these
gravel .layers.: ‘However . there 1s no marine layer. in this region partly,
because the deposition of .the Jamuna River. prevented the invasion of
sea’ water, partly because Aricha is located far from the sea coast.

2 2 2. Influence of the ground movement on geomorphological development.

The ground movement in this region is large._ Barind Terraces had
been formed by the upheaval of the earth from the Pleistocene: onwar .
and Tippera Surface was formed. during. the Holocene Period. On the other
hand, the alluvial plains along the Jamuna, the Ganges, and .the Meghna -
are located in the ground dipping or subsiding zone. We have the records -
of earthquakes in 1762, 1775, 1812, 1888, 1897, 1912 etc., And the
ground movements which resulted from the earthquakes are also reported.

The ground height of Sylhet Depression is only 3 meters in spite
of the fact that this depression 1s located far from the coast (about
250 Km). The depression was formed by the continuation of the ground -
- dipping. Based on the geomorphological features, we can assume that
the north-western part of Ganges Plain was upheaved and the south-
eastern part of it was downwarped. The above-mentioned remarkable
ground movement. caused the shifting of the. river courses, .

2.3. Shifting of the Ganges River.

The shiftings of the river courses of the Ganges ‘and the Brahma-:.
putra-Jamuna were remarkable partly because the gradient of the plain
is gentle and crustal movement of the ground is large, partly because

“deposition by the river is large, the annual variation of flood dis-
charge is big, and there are few artificial river conservancies.

_ Two different the._s on the shifting of the Ganges River were.
presented .at .the Symposium of the Scientific Problems of the Humid
Tropical zone Deltas and their Implications which were held at Dacca

in 1964, . .

V N Nageraja, Department of Irrigation, the government of India -
stated that the river course of the Ganges shifted from west to east.
‘During ancient times, the Hoogly. River which runs through the City of
‘Calcutta was the main stream.of the Ganges. When the British invaded -
. India, the main harbor was located in the upper reaches above Calcutta.
And the Ichamati, Jalang, Garai rivers ete. which are located between
the Hooghly and the Ganges were formed during the shifting. . This
thesis has been supported by the Geological Survey Institute of India
and the geographers of India. .

Prof M.I. Chowdhury stated a different view of. the development

(140 GM) The present Ganges River (Padma) is. already seen in Ptolomy‘s
'map prepared in 150 A.D. And according to the map of Thomas Kitchin,

=15 -



“"A ‘new and-accurate map of Bengal drawn from the best authorities",'
the bifurcatlon of the’' Ganges 1s shown near Rajmahal; the eastern -
‘course, that is, the Padma channel, is named the great Ganges 'and ‘the
Bhagirathi-Hooghly channel the little Ganges. Secondly Chowdhury
" experimented at the hydraulic laboratory in Cambridge, and observed
that' a natural flow: of water, when entering into a’ plain, -loges 1ts
‘gradient ‘and’ the main course bifurcates into two or more branches.
Based on these studies he assumed that the Ganges and the Hooghly werel'
situated as they were from ancient times. M. Ohya (141 GM) researched -
Sundarbans and found the following features. Some differences in the
‘topography of the eastern-and western parts of Sundarbans are quite
noticeable. The natural ‘levees in the western part are higher than in -
the eastern part. The western part was upheaved and the eastern ‘part
‘is newer than the western part. From the above-mentioned phenomena, he’
presumes that, ‘the Hooghly River has become smaller but. the Ganges-
"River has become larger.

- 2.4, Shifting of the Brahmaputra—Jamuna River and effects of the
diversion.

.. During the t ime of ‘Major James Rennell who surveyed the rivers of
Bengal between 1764 and 1779, the main course of the Brapmaputra was
the present channel of the 0ld Brahmaputra. The course of the Jamuna’
which is now the main channel of the Brahmaputra was called the Jhinai
in ics upper course and the Jamuna in its lower course. - R

According to Hirst, the diversion of the Brahmaputra from the old -:
course to the present one was completed by 1830, that is, approximately
fifty years after Rennell's mapping. Buchanan Hamilton observed in .
1810, however, that the Brahmaputra threatened to divert to its present
course. In 1810, the discharge of the Jhinal had already become so _
large relative to its: size that it resulted in accelerated erosion and
flooding. B : o ’

Fergusson suggested the possibility of the Brahmaputra flowing :
through the present channel once before. Morgan and McIntire reported
the presence of large Brahmaputra—size—river scars flanking -the
southern edge of the Shillong Plateau in Mymensing and Sylhet basin.

M. Ohya observed outcrop of the fluvial 1ayers at Jamalpur shown S
in Fig.2-6-1. As seen in Fig. 2- 6 2, the lower part is a samd layer and
the upper 1ayer is silt. o : Co S

The former had been Fig 2-6~ 2 Outcrop of fluvial layers ofj~”

deposited at the time of : -~ the 01d Brahmaputra River at“

the mainstream of Brah- ' : Jamalpur
maputra and the latter : S
" had been deposited after

the river shifted. = = & ———— i _“__';_';_] S
Conoerning the di- i ?EL&E};:3£:;§35353535?%Z; silt layer

version of the Brahmapu- & .. e IR

tra, Hirst attributed 1t - - ?'“11?]3jﬂ.':§:?51 e ’| sand laYer“j"[

to the tectonic activi- =~ = o ST Uend st
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ties i.e: the uplift ofthe Barind Terrace’ and lowering of the
_ valleys of the Jamuna River.

Hirst‘s-ccncept, however,'was severely attacked by Hayden and

- Pasco, .who preferred the more "rational" explanation of La Touche.

La Touche suggested that the Brahmaputra diversion resulted direct-
"ly.from. a major increase in water volume of the river. ‘He postulated
that the’ Dihang as. a tributary of 'a small: Brahmaputra beheaded the . -
Tsangpo River of Tibet, -and. through the resulting "enormous accessionf
"of water began to exert itself', Furthermore, he suggested that when"
" the Tista diverted its water from ‘the Ganges to the Brahmaputra in
1787, more water was added to the discharge of the Brahmaputra. The
accelerated water, in the course of time,- opened a passage through L
“the Jhinail and gradually began to. increase the width of the channel R
"resulting into ‘the present form of the Jamuna . : e

Gregory estimated that big piracies had occurted between the . .=
Tibetan Plateau. and the northern part of ‘the Indo-China Peninsula.
According to him, the Yantze River beheaded the upper reaches of the
Red :River, the Mekong beheaded the. upper. ‘reaches . of ‘the Mae Nam Chao’

" Phya River, the Salween.beheaded the upper reaches of the Mae Ping"

" which is the tributary of :the Mae Nam Chao Phya, and the Irrawaddy

River beheaded the -upper reaches of the Sittang River. At that time,,-uj
‘the Tsanpo River was.the upper reaches of the Chindwin River which. is

"h"one of the: tributaries of the Irrawaddy River, but was beheaded by -

the Brahmaputra River. . Hirst has been influenced by the theories of
Gregory. But the studies of Gregory were only done by small.scale
-map.  Recently Dr. Mutsumi Hoyanagi published papers on the piracy.
between the Red and Yantze Rivers which had. been researched by the
-geographers of the People's Republic of China and denied the piracy
between the Brahmaputra and the Tsanpo occurred within the last 200
years . : : . . : :

Prof McIntire suggested that the diversion occurred partly ..
because of , the tilting of Eastern Barind Terrace and partly because -
of the shifting of the. Tista River caused by the tilting of Western
“Barind- Terrace.- : e ;

" The diversion of the Tista increased the water discharge of the :'7‘

‘Brahmaputra which exceeded the capacity ‘of the rivers, thus" causing

. great floods near the confluence. “Some of the.excess: water could .be
carried by the Jhinai which during Rennell's" time. ‘was a narrow dis— :
. tributary of the Brahmaputra. This distributary ‘was’ gradually L
. enlarged and its discharge increased from year to year until it became :
the main channel of the Brahmaputra itself ' ook y

Also, as the Tista contributed on enormous amount'of coarse
sediments to the Brahmaputra; a number of bars must. have been formed_
in its channel, especially during the ‘low water period. .The growth

~_and stabilization of these bars could have obstructed free flow of -

" flood-water -down-the 0ld Brahmaputra channel creating conditions _
_'favcurable for its diversion. 'The Brahmaputra now follows a shorter
_.route to the sea than it did through its older course past Mymensing.
towu. : . - . . )
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‘ Rennell's map showa a number of right-bank distributaries of the,

'fBrahmaputra which, from west to east, are the Jhinai, the Bansi, and =

- the Banar. 'The major distributaries. draining the flood ‘plain were the .
‘Jhinai and the Bansi and their distributaries like the Lohajang, the
Nanglal, the ‘Atrail and others. As a result of this diversion, the
head-waters of . these. distributaries were choked by increasing quan- .
tities of . coarse sediments that flowed into them from the: Brahmaputra._f
‘In the course of time, ‘the flood- plain distributaries. disconnected

. themselves from the:master stream, . - Consequently their discharge

.. decreased" considerably ‘and they became minor streams. At present,
streams like the Lohajang, the Atrail, ‘and some older courses of the

.- Jhinal are only underfed streams. with small flow channels occupying
parts of . larger channels which were’ previously occupied by them when
.they were active streams of much larger voluem. f : :

The Old Brahmaputra channel still continues to carry some water
of the. Brahmaputra River but is diminishing quantities. During the dry
period however the discharge is reduced to a mere trickle._

With the passing of the coarse alluvial fan, sediments of the
Tista River.in the.Jamuna- together with similar sediments contributed
" by the Tista, the Jaldhaka, and other: alluvial fan tributaries, the
'Jamuna sediments became much coarser than before. .

.”3 River-morphological Features of the Jamuna River.‘hf-' o
3 l Changes in banklines. t

; According to the Prefeasibility Report IWTA had collected data
on banklines of the Jamuna River surveyed in the period from 1830 .to
1963. and: arranged them in a diagram showing the changes in banklines
" ‘as given in Fig. 2=7. It is seen from our study mentioned. in the’ next’
article 3.2. that these banklines show the outer lines given by $mall.
,waterways or anabranches which take off from the main Jamuna and join
_ again with the main.' : ‘ L

_ Making use of these data, changes in banklines and river widths
were studied in reference to those in 1830. The first figure of
_Fig. 2-8 shows variations of river widths at every point one minute
“‘north latitude along ‘the Jamuna river course. The second and third
figures show . respectively the displacement of the right and left bank-
"lines from those in 1830 at intervals ‘of one minute north 1atitude :
'along the river.'f' : AT Pl

-_.3 2 Changes in chars and thalwegs

g We found that, among the aerophotographs taken by SOB those _
taken in the dry seasons. of 1952, 1963, and 1970/71 cover’ ‘almost . the’
- ‘whole stretch of the Jamuna River. Figs.2- 9-1 and 2-9-2 show super- .

.=fposition 'of all waterways ‘comprizing the main channel and smaller one
“=which join the main after taking off : : :

i ;‘ZIt is seen from these figures that (1) the Jamuna River is a
. typieally braided one,. (2). the' river is almost stable ‘at the proposed o
*fOur sites compared with the other reaches, and (3) the width of the o
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_ Table 2-1 Cross SeCtioh_Surveyingéfon'Jamuhé River

Sect.No. 1965  65-66  66-67  67-68 6869 . 69-70 7071 . 71-72  -72-73
g .J#-b~i‘ﬁ[ug.;”;,f »jMAYLVNov;ﬁ¢ *uy~MAR‘»f' MAY§~N0vﬁ7 0 t: FEB DEC.

1 FEB UDEG UNOV ' ' MAR .MAY NOV . . FEB DEC

1-1 -7, DEC .. NOV. .. . CMAR - MAY NOVi. . 0. . FEB DEC

B

P MARTy?‘ﬁEc.;;-Yﬂ6V‘ ‘ ;i;:f£B;;Tf;Mﬁf-aN§Vi‘f; :xt.@:.:?   .7 .DEC
2-L . JAN Nov. . FEB . APR NOV . . MAR DEC
3 MAR.  FEB Nov " FEB APR DEC. . MAR NV
. 3—1'fJ?:t ; _ .,_FEB”_Nbv  ::L':'MAY:”ﬂﬁ APR;_DEC3?'i ' 5 ij:t : MAR - -
. . :f::M4R  {f fMAé:tt:zthL ‘:QAPRi; iTFE3:  : JAN:? }i:) . :{HAﬁ ¥:g
4=l MAé.ﬂﬁ~.APRJ?a.;?EB : CFEB R
5 MAR"" ‘'MAR ~ FEB FEB -~ FEB.  FEB . MAY MAY
5. . FEB. FEB , JAN FEB  FEB . . MAY
6 APR "' 'FEB  JAN DEC  JAN MAR . MAY .-
6-1 i . JAN DEC - DEC - NOV . “MAR - - APR
7 MAR _Qf’JAﬁh,Non[;' Nbv'f,;fNob‘_; ﬂ__j’APR3," R
7-1 . .JAN NOV. - NOV . . MAY - APR CAPR
8 APR DEC  FEB MAY  JUNE . MAY -DEC
81 DEC ' FEB . FEB  MAY  MAY - MAY < JAN
9 APR NOV - JAN | JAN  MAY MAY. _  MAY = JAN
9-1 1. -~DEC-.-:;—J:JAN':'i*JAN.. 3 HAf-jff MAY Y APR
100~ APR° "NV ' FEB . JAN . APR . MAY . APR .
10-1 .. MAR  JAN' DEC - APR. MAY - . APR
11 JAN  MAY - FEB DEC . APR . MAY _ APR
111 .. . FEB. JAN.DEC . . MAR  MAY- oMy
12 MAY . OCT . JAN DEC MAR ' MAY | MAY
12-1 ~ JAN DEC - ° MAR FEB SR
13°  APR JAN DEC . MAY. . FEB - MAY
13-1  JAN DEC - MAR.  FEB  JAN |
14 ' mAY . DEC  DEC.  FEB | UAN . _APR. . MAR
15 MAY C.DECT . DEC | JaN  UAN . mR ., may
15-1° ¢ DEC. NOV.. DEG: . DEC . MAR . o
16 ~ 'MAY oCT  NOV ' Nov 'DEC ~ wov ' ', . .
'i:'16—l- _ HAfm:T5N6v?;if NdV_°'-;ﬁﬁC}Jj'_ﬁOV'_ S _;. ‘ ;_.;.i.__'MAR:ﬁf::.
17, MAY  NOV. ¢ NOV. . Nov. DNV . aPR

‘: Total 18 34 : 34 33 L 34 : ‘3’0” - .0 28 .10 L .

‘ 4425'; '{fi; :.e~



L main stream in ‘the dry season is roughly 2 km (l 2 mi)

13 3 Changes in cross sections.

B " The cross—leveling surveys were carried out’ by BWDB periodically
at the cross sections shown in Fig_2 -10 at intervals of about 8 miles
with ‘supplement ones between them. The section’ numbers and the survey—

.ing dates of the cross sections collected by us are shown in Table 2-1.

Out of these, the cross sections in 1965/66 1966/67, 1967l68 1968/69 .

o “1969/70 and 1971/72 were selected for our study.

_ Fig 2-11 shows longitudinal variations along the river course,'
from the confluence with the Ganges 'River, Sectian J# O- =1, to the

_ upstream of the confluence of the Tista River, Section J# 17, of (1) -
mean ground surface, (2) deepest river bed, (3) maximum water depth
below the ground surface, (4)° hydraulic mean depth below the ground
'surface, (5) ratio of mximum water depth to: hydraulic mean depth, (6) -
~ river width at ground level and (7) cross sectional area below the
=-"ground surface. S :

i It is seen from these figures that (1) the slope of the land

"_ is almost 1/13000 along the rivef course except 1/20,000 on the lowest

stretch of 9 km, (2) the deepest-river bed is almost. parallel to the

ground surface, namely, the maximum water depth is almost constant, -

about 15 m (49 ft) on the whole stretch of the river though there is a

_ tendency of slight: increasing- downwards, (3) the hydraulic mean depth
is almost constant, 5 m (16 ft) on the whole stretch, (4) the river

" width and the cross-sectional area below the ground level has a

.tendency to increase upstream with quite 1arge variations,

Next, selecting ‘the section J# 3~l as a representative one’ at
Nagarbari site, the section J# 6 at Sirajganj site, J# 11-1 at Gabar-
gaon site and J# 13 at Bahadurabad site, cross sections surveyed in
'1965/66, 1967/68, 1969/70 and 1971/72 were superposed at each of the
. four sites. This comparison 4is shown in Figs. 2-12-1- ‘to 2-12-4,

"It is found from these figures that changes in chars and ‘thalwegs -
are quite remarkable and the: 1ocation of .the’ thalweg is not always e
fixed within a cross section. : , -

':4 Hydrological Features of the Jamuna River.
4.1. General aspect of water level

River system around the Jamuna is shown 1n Fig 2—13 BWDB has

T EWO systems of stream—gaging networks, one of which is controlled by
Surface Water Section and the other:by River Morphology, Research and
Training Section. Major stations in the area surrounding the Jamuna
are shown in Fig. 2-14 and avVailability of data at these stations are
listed in Table 2-2,". As seen in Table 2-2, data‘'on water level over - -

‘a relatively long period are available at Bahadurabad and Sirajganj -
. Stations, while those on discharge are available at Bahadurabad o
' Station. : . : S : S

~ Data on'watefllevel"sincefi§b4:ﬁaféjhlreaa;'béeh.a?réﬁgéiygy BWDB-."

o t i gés;ﬂihgﬂy;;;



Fig. 2-10 Location of ‘_Ri_vél_".";' Section Survey
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| Table 2-2.

-List of Avallable Data on Water Level & Discharge

only annual max. values are available

. : G 19 : : B . : il
River e '57 58 59 60 61 62 63.64 65 66 67 68 69 70 71 72 L&;gt:f :
“Station ‘ ' ' i ‘
Nunkhawa - 0000006800000 0. -~ 1ad?2hpr,
. Chilmari.. . O 000 C0O0 B800C0I00 0 o
J - Kamarjani ‘ S 0000 0 C.0:0.0 0O 1963 =
A Khulabary char - o S0 000 0 0. : Jan.-aun_e
- M Kristomoni char - B0 0000 0 196 u'r;e
U ~ Bahadurabad tr, - O 000 00 " EQQ ul
N  Fulcharighat .. - 00000 0" SOPT . y .
A Bahadurabad Jan. 55 000000 0000 0O : Jan-'yﬂg 13§
Jognai char S o000 00 1 6&5
Patilbari - : o O S an.=Hat.
. Jagannathganj .. 000 OC o000 B L}
W isaggang T Trem o ©C0000©®00C0O0 O ?“‘;;,65““-
A _ Porabari’ Crr o 00 008000000 3.4 Apr,
T Mathura(Nagarbari) S0 000 00 63 64
L E Alukdia char. O C 0. Jan.-Mar,
SR Teota ' OO0 0000 RS
s Kazipur OO O
L . ; -
"E G ' Urakanda Q00 0.0. 167 '68
'V A Baruria tr," COoO0OQ00 Q0" _AP‘-;,'““-
" E  .N . Goalundo : OO0 00O "
L. G . Goalundo OCO0OB® 0OQO0O GO0 OO0
; E  Kadamtari Q0000 CO0
5 Char-Salda GO0 0o0
Jamy- Bshadurabad - e 00000 o8 o
- ha sirajganj 00O 0 '
. From ’ ) '
S Gan- ~Hardinge br..jgiy O 6 0B8EB 20 e a6
e B®8  Baruria Baruria & Gealundo — g © <]
H Goalundo were combined ' 8 =) s
8 0ld-  off-take of Banshi - 000 . Jan; Mar.
G uBIEgBT 0ff-take of Sutia - 0O C O (O3 5aﬁ4 Ma@a
tra - .Mymensingh o : o) 0
E ~ Rly br. . o ..Ian "Mar
Dhales- o 1964 & '68
wari: Jagir 00 o " Jan.-Mar.
Kali- e - 1964 & .'68
‘ganga Taraghat O 00 @] Tom.—Mar
1965 -
O daily data are available [Feb.-Mar,
& : max..& min. values in.a year are available - :
g :



in every Water Year begining in. April and ending in the next March
which were also used in the present study ' . .

To clarify whether water 1eve1 is affected by variation of river
bed, annual variation of water level of several kinds of frequency
was, studied using the data: obtained at Bahadurabad, Sirajganj and- .. .
~ Kadamtali Stations in the latest five years from 1964/65 to-1968/69 -
‘and for the purpose of. examining statistical 1ongitudina1 profile of
water level of the Jamuna, water levels of the same: frequency at - :
Nunkhawa, Chilmari, I{amarjani Bahadurabad, Jagannathganj, Sirajgan;, o
Porabai, Mathura, Teota and Kadamtali Stations were selected ‘and’ e
~ studied with respect to the year 1968/69 The results are . shown in
Figs. 2-15. and 2-16. : S

With regard to annual minimum water levels at. Bahadurabad St.,
they seem ‘to’ have ‘a trend of gradual rising - If there is a similar
trend with respect to ‘large. discharges reliability will be .
decreased: iniusing the rating curve ‘when we estimate large discharges
" using high" water levels actually. measured . Fig. 2~17 shows the vari-

~’ation of- water levels corresponding -to several kinds of .discharges which
owere . estimated ‘using rating curves: drawn based on water-level ‘and dis- - _
“charge: records. from 1956 and" 1968, This figure indicates that water &= -~

- levels in larger discharges do not. seem to have a trend of rising but
.’ be'constant -though they scatter within about 3 ft and, on: the other -
~hand, water levels:in smaller: discharges seem to have a" rising trend.
Judging from these facts and aerophoto mosaics, one of the important
causes of rising trend of low water -level can be sought in expanding of
river width or braiding of river channels at ‘Bahadurabad St. According
_ to the aerophoto mosaies, river width: including chars at this station
varies from about 5 km in 1952 to 10 km in 1970 and number of major
stream’ channels varies from 2 in 1952 to 6 in 1970. It can be said
from. these facts that the relationship between large discharges and
high water levels is fairly in a stable state notwithstanding the

L condition of river channel is being changed.’

4.2, -Discharges at Bahadurabad

It is supposed that the daily discharges given in Water Supply
~ Paper and Hydrological ‘Year ‘Book were computed using observed water
~level and the rating curves which: were prepared every year by using data

" on stream gagings frequently made in a. year. However, paying attention

. to the discharges" actually. measured at Bahadurabad Station during the
period from 1956 to 1962, relationship between water level and discharge
. was’ examined, which is shown in Fig. 2-18. This figure indicates that
the relationship between them is fairly stable notwithstanding the
; conditions of river channel were largely varied ' R .

Data on annual maximum discharges at Bahadurabad are available for

the fifteen years from 1956 ‘to 1970, whereas water level at Bahadurabad o

has alraddy ‘been’ measured since ‘November 1949. It is, therefore, very
favorable for the analysis of return period if we can supplement the
data mentioned above by those on water.. 1evels and the rating curve for
-the period from 1950 to 1955 ' S S




~ Fig. 2-15  Time Variation of Water Level (I964/65~1968/69)
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Examining carefully the data on discharges actually measured by BWDB,
the data on discharges- computed by BWDB. and the data.-on: discherges 'studied
in several other projects related to the Jamuna River, the following four
series of annual maximum discharges at Bahadurabad Station were obtained.

Numerical data are- shown-in Table 2=3 and the four series are briefly
__described in: the following ' L

(a)" Series 1: 'All annual maximum discharges since the commencement
' . of stream-flow. gaging;- Fifteen samples from 1956 to 1970.
(b) ‘Series 2: Annual maximum ~discharges’ from 1950 to 1955°given in
. : ' Design Report on Bank Protection’ Structure for :the
. . Protection of Sirajganj Town . from Erosion by the Jamuna
River, Dec., 1970 (32 PJT) were added to those in Series 1;
'twenty-one samplew from 1950 to 1970. - ‘

(c) - Series .3: 'Annual maximum discharges . from 1950 to 1955 estimated
: by the' average rating curve shown in Fig. 2-17 were
added to those in Seriles 1;’ twenty-one samples from
-'1950 to 1970 '

(d) Series 4: 'Annual maximum discharges from 1950 to 1955 were
estimated by the BWDB rating curve for 1966 because
the correlation between annual maximum discharges and
“water levels from 1956 to 1970 1s almost in good accord
-with the above rating curve, and these data were added
© to those’ of Series 1, twenty—one ‘samples’ from 1950 to
1970, TSI IS

Table.2-3=_Aﬁnual_Maximum Discharges at Bahadurabad Station

.Discharge (103efs)

" 'Date Water level -

(ft, PWD) . Series=l Series-2 Series-3 = Series-4
50.7.20.  62.02 S, 1730 - 1680 - 1870
51. 7.19 62.80 o 2020 1800 - 2050
52. 7.15 63.55 . St 23100 - 1950 2230
53, 7.31 62.00 S ... 1730 1680 1890
54, 7.31 6450 . - &7 2660 2140 . 2450
'55.8.1° . 64.95 .. .. 2800 . 2240 2600
56. 6.24  64.18 - 21300 . 2130 - ‘2130 2130
- 57.8.12  64.78 . . - 2210 2210 2210 - 2210
58. 8.18° © 65.65 2520 ' 2520 - 2520 - 2520
59. 6.26 64.15° . .2420 " 2420 . 2420 .. . 2420
60. 9.18  63.90 . . . 2190 2190 . ° 2190, . . 2190 .
61.7.19 - 62,03 .0 1900 - 1900 . 1900: 1900
62.8.23 65.60 o L2460 . 2460 . 24600 - 2460
63. 7.16. - 63,43 .. 1990 ... 1990. - 71990 . = 1990
64, 8.4 - 64,40 0 2230070 0 22300 - 122300 2230 -
65. 8.15 - 64.00° = - o 22700 N 2270 0 2270




66. 8.31 64.05 2430 2430 2430 - 2430

67.7.12  63.43 - 2460 . 2460 - 2460 . 2460
68.7.25  64.22 - 2200 2200 2200 - 2200
69..7.23 . 64.65 . . 1980 _ 1980. . . 1980. - . | 1980

70.7.28 . 65.20 . 2700 . 2700 2700 .~ . 2700

‘ Computation of return period was made by Thomas plotting for the
above four . series, the results of which are shown in Fig 2—19 and
Table 2- 4 :

Since there is nothing to choose among these four series from the -
viewpoint of number of samples and reliability of estimation, mean
values of them were taken as the return periods at Bahadurabad Station,
which are shown in Fig 2-20. : :

Table 2- 4 Return Period of Diseharge at Bahadurabad

_(by Thomas method)

pericd Discharge (10% cfs) |
" (year) . = Series~l Series-2 Series-3 Series-4 Average
10 2,62 2,717 2,604 - 2,618 2,641
20 2,738 2,871 2,748 2,739 2,774
30 2,798 - 2,955 2,826 2,804 2,846
40° 2,840 3,013 2,880 - 2,848 2,895
50. 2,871 - 3,056 2,920 2,881 - 2,932
60 2,896 3,001 2,952 . 2,908 2,962
80 2,934 . 3,114 = 3,002 2,949 3,007
100 2,963 3,185 3,041 2,980 3,042
150 ‘3,014 3,258 3,108 3,036 - 3,104
200 3,050 3,309 . 3,155 3,074 3,147

4.3. Bed materials

' Samplings and analysises -of bed materials have been made by BWDB
at many - locations on the major rivers in the country Qut of these, we
selected sixteen stations shown in Fig.2-21 with'a view to studying the
' features of bed materials on both the rivers of the Jamuna and the

Padma . . . . . .

. First, in order to. study ‘the variation of grain size within a
cross section, Bahadurabad site was selected because of heving relatively "
abundant samples. Grain size D . was: plotted. agdinst distance from the

left bank, ‘which is shown in Fig 2-22. This figure shows that the grain
size is almost constant on the ‘same Cross section :
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.. Fig.220 Refurn :':_Pér'l"od . _of _.:_Dlscharde' “at 'Buhudurq'bad' o
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Béd Materials
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: Next, An order to study the ‘seasonal”’ variation of grain size, two
sites of Nakfater char and Nagarbari were selected because of availability
" of data. Grain size D,_. was plotted against months in the yearg of 1968
and 1969, which is showfl in Fig.2-23. According to this figure, grain
size of bed material seems to have a tendency to become slightly larger
in the flood season ‘and . slightly smaller in'the dry season. However, we
. ‘decided to use the average. value of them for the present study becausel
. of scattering of data. T : P

The'average values of Dés,'ﬁ' » D “and uniformity coefficient
u.c. at the sixteen- locations are given in Table 2-5, '

:Table 2-5 Grain Size of Bed Materials .

. Place o D65 X D60 ‘“:Dmean u.c
Brahmaputra Chilmari 0.266 - 0.249 0.261_ 1.9
‘ —Jamuna Bahadurabad 0.270 0.259 S 1.8
Sirajganj ~0.171 0.149 - 0.172 1.9
Ballabbari - 0.166  0.161 0.162 2.0
Nakfater Char. . '0.186 . 0.174. . -.0.176 1.8
Nagarbari 0.181 0.172 0.176 2.0
Ganges Hardinge Br. . 0.181  0.163 | 4.6
Kalikapur .° 0.134  0.126 - 0,131 2.1
Gorai . 0.193 0.187 1.8 "
Ganges-Padma Baruria - S 0 1641 04153‘ . . 2.6
©°  Goalundo - . 0.153 0.144 - 2.5
| Taraghat . - 0.139 0.129 . 1.8
Bhagyakul . . 0:187 0.175 2.1
' Chandpur - . 0,180 0.129 - - - - - 1.9°
Other river - Jagir - 0.165  0.162 2.2

Mymensingh 0.222  0.210 2.6

Fig.2-24 indicates-the relation between Dmean and DBO’ D65 presented -
by the data given in the above table and shows that D65‘canrbe used in: .
place of D . . s : T
N ean’ - . . : - _ : ooy 4
; Fig 2—25 shows the longitudinal variation of bed—material grain size :
" on the Tiver" stretch from Chandpur on:the Padma: upstream to: Chilmari on’i
-the Jamuna. It is. seen from this figure ‘that the grain size D . 1s ° %--ﬁ'
_ almost constant, 0.17mm, on- the river. stretch except the apstream portion
o from” Bahadurabad to Chilmari The mean value of D65 on. the Ganges is X

L _also 0 17mm
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4. 4 Suspended load
'4 4 1, Data on suspended materials.'

Suspended materials of ‘the Jamuna and the: Ganges-Padma Rivers were
‘sampled by.BWDB except the period of low water, Years and stationsA o
. of sampling are listed in Table 2-6. Samplings.were made with Binkley

Suspended Sediment Sampler.- : S SRR I AT ER L

rl

:‘Table3246 ’Available:Data_on Snspended Materials

River |  Statdon 1965 1966 1967 1968 1969 1970

Jamuna R. = - o Chilmari . AR A A A
- l'Bahadurabad ' oo A A A A A"
: Sirajganj. _ A A . A A A L
Radhuntbari A |
" Nakfater Char' A A A A A '{
. o g Nagarbari ' | A A A ZA:
_Old-Brahmaputra_R. _'Mjmensingh | A A A A A
‘Dhaleswari R. = .Ballabbari A A A A
| 0 Jagir- ‘A A A A
_ ‘Taraghat A A A A
. Ganges R. & i .Hardinge Br. A A A A A
Ganges-Padma R. ~  Kalikapur A A A
. - Baruria _ A A A
Goalundo . A A A A A
I | " Bhagyakul - A A A A A
Goral R,. - ' ‘GoraiBr. - A A A A A
S ' Kamarkhari - A A A A

Note: A means'available.

BWDB classified suspended materials into two categories, coarse ;
sediment which is coarser than 0.05 mm and fine sediment which is finer
‘"than 0.05 mm. The fine ‘sediment.is ‘also called wash load. in the -
sediment—load investigation report prepared by BWDB. s

' Grading curves of bed materials are available at three sites of L
' Chilmari, Nakfater Char and Nagarbari Some were extracted out of |
. them according to the following standards and are shown in Fig 2~26 xi

a. In case hed materials were sampled over - several days in a month
-'data obtained on the first day of sampling is taken.u_v ‘
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: b When samplings were . made at several points in a river section on =
the same- day, bed material sampled from ‘the deepest river bed is’
taken since it is likely to represent the activity of the river bed

. Fig 2-26 indicates that grain size of bed material becomes,.'
coarser in the high-water season and - finer in the low-water season.
"This’ means, that, during the low-water season, finer materials sus-

- pended in the water will settle on the river. bed consisting of

" coarser materials, which makes the materials ‘on the- surface of river
. .bed: finer than in the high-water season,. ' Fig,2-26 also indicates -
that ‘the bed materials in the high-water season scarcely contain -

- sediments finer than 0.05 mm, which means that ‘the sediments finer:

_than 0.05 mm suspended in the water during the high-water season can
‘be. regarded as’ wash load Co :

*ﬁ4 4 2 Some considerations on suspended load

M.L. Rasul and others have prepared data on sediment discharges
-passing through whole flow areas on the basis of the results of
samplings. The data at ‘Chilmari, Bahadurabad, Nakfater Char and

Nagarbari are plotted in Fig.2- 27 with regard to sediment discharge and ‘f'

corresponding ‘water discharge.

. Out of all data shown in this figure, those obtained at Bahadurabadn
_during the period from 1966 to 1969 alone are available as suspended
load which does not contain wash load._ Therefore, the relation of
- suspended load to water discharge were studied with regard to these

data alone, :

When suspended load per unit time with regard to a whole flow

- area 1s denoted by Q_  and water discharge’ by Q, it is generally known

that the relation begween them is expressed by the following equation._
0 .

s (?'1) -

 where n_is an'exponent nearly:equal to”Zdand K is a constant dependingN

" on river regime and bed material.  This fact has been clarified by

H. ‘Kikkawa in his study on suspended load and he expressed as follows
(131 GB) L _

Q, = x¥/n. e

‘ for the case of sufficiently wide river, where A denotes flow area. s
© On the other hand 5. Sato has indicated that bed load is nearly

'proportional to water discharge and given by the following equation

. (132 GB) f ‘ _

(2.3)

; where Qb denotes bed load and K' is a’ constant.

Therefore bed-material load Q can be expressed by P

BRI R R 1Q0-9 +. KQZIA R S
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This equation means'that the suspended load will predominate in the -
“high-water season while bed load will play an important part during -
'the low-water season. -

We will now examine Brown 8 formula which is said to give not B
_only bed load but suspended load when the . discharge becomes larger

q, /u 4 -'10u* (U/p - 1) (ed)? "..” :.(2.5)
- where ; friction velocity o ' E _ : _ }.f;
.srgrain size of sediment particle '
= density of sediment particle ‘

density of water

=.acceleration of gravity

8 omee o oa ;a e
1

= sediment discharge per unit width
-~(in net volume) '
. When river width is denoted by B, mean depth by R (R A/B),

mean velocity by v, coefficient of roughness by n and water-surface
slope by I, we -get

v o= (1/n)R2/3 112 (2.6)
Q = Av : I (2.7)
= (gR1)1/2 | : C (2 8)

Applying the equations (2 6), (2.7) and (2 8) to the equation (2.5),
we get )

2.25,.5/4 . :
q, = 20"/ g (2.9)
where(} s sediment discharge in net weight with regard to a whole
water area’ A

Q q Bcsg

and ais a constant expressed by

9/4 3/2 11/8

Ca=10 8o /o - 1) U 2an

_'thus the equation (2 9) .can be rewritten as
' T 5

. 'The equation (2 9) may indicate that bed-material load will almost
"be_ proportional. to Q square- in case of larger discharge and: become
.almost linearly proportional to Q durlng the period of low water if
Q/A is nearly constant in case discharge is very small, : :

After all, the bed—material 1oad of the Jamuna River durin its

":_fhigh-water season will be expressed by an equation containing Q where




n 1s nearly equal to. 2, or can be expressed by suspended load Q
Now, we' examine an equation "??-bﬁ$ftG:T'"rw"

-Qs"KQ 7Y E - ('2- 11)

with xegard to the case of the Jamuna River where its discharge exceeds N :

about 5,000 m /s. For this purpose, Q-and A curve was prepared with
"regard to the section No. B-8 which is located near the sampling

- station ‘and was surveyed by the Japanese Surveying Team during the :
flood season of 1973. The curve is - shown in Fig 2-28

i Using this curve, the constants in the equation (2.11) were-'
“examined and also shown in Fig 2-28. The suspended-load formula for
the Jamuna River: can thus be expressed by the following equation
' ' =5 2.19
/A

Q. ="2.80 x 10°Q°

s (2 12y

where Q is in t/s and Q in m /s.:-

On the other hand “"agk: Committee for Preparation of Sediment
Manual Committee of Sedimentation of. the Hydraulics Division in the
Proceedings of the American Socilety of Civil Engineers recommends
three formulas as consistently better agreement. Those are Colby,
Taffalleki and Engelund-Hansen formulas. The results by above men-
tioned manners are shown in Fig.2-27, It is found from Fig.2-27 that
Engelund-Hansen formula has the best tendency. in the:three formulas
except a formula (2.12). So, we recommend the equation, (2 12) as
the best formula of sedimentation for Jamuna’ River. :

4., 5. Discharge measurements at the four proposed sites.

Discharge measurements were. made by another Japanese team in-
the flood season of 1973 at Sectlon N-12 near Nagarbari on Oct. 4,
Section §-12 near Sirajganj on Sept. 24 Section G-8 near Gabargaon .
~on Oct. 17 and Section B-8 on Oct. 11, These measurements are of.
great use for determining coefficient of roughness, although ‘studies
on: such matters as decrease of peak discharge cannot . be made because
"the measurements were not on the same day.

Fig.2-29 shows the stage hydrographs measured by BWDB at the
four ‘stage-gaging stations, Char-Bharenga, Nakfater-Char, Milanpur
and Projapati which are located mnear the four proposed bridge sites
'respectively._ On this figure, we can read the water stage on" the
_ measurement day at every measurement site. :

Velocity measurements were made at every one-meter depth down~
wards from the water surface on seven or eleven verticals .on each
section of the proposed sites by using an electric current meter.

_ Fig 2- 30 shows vertical distribution of velocity on each cross
section, Fig.2-31 shows distribution of mean velocities on verticals on
each cross section.. Computation of discharges are- shown in Table: 2~7.

_ The measured discharges at - the four sites are as follows..

.i.;gégi;;;..
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" Site . o _ Discharge

-1:£Nagargari ;' o, 761, 500 cfstjf 21, 566 m /s;
 sirajganj . 1,101,500 cfs . 31,195 m /s :
 Gabargaon - .. 943,940 cfs 26,733 m s
Bahadurabad 643,910 efs’ "'"."Z"18 236 m /s o

4, 6 Mean velocity and surface velocity.

Correlation between mean velocity and surface velocity is studied :
in this’ section:  We define Vv_ as mean- velocity on a vertical, v  as
surface velocity, v. @ . ‘as. tﬁe maximum value of V0N a-cross sgction,
v,. as mean velocityme$g¥aged on a cross section, Vg as mean surface ..

'velocity, Vg oy 8nd V, . as velocity respectively at 0.2 and 0.6 of
water depth downwards from the water surface on a vertical

Fig 2-32 shows the correlations between velocities, Vi and v
v .and v_, and vo and. v . measured in the Jamuna River in the f?oog

season of 1973, Fig 2—93 shows the correlation between v_ and v measured_

at Hardinge Bridge, -as given in Table 2-8 (refer to Prefegsibility
_Report)

_ ‘It 1s seen from these figures that velocity at 0.6 depth is equal to
“mean velocity :
Vo.6H =_vm‘
‘ratio of mean velocity to Surface velocity is
/;v = 0. 78'."

on the Jamuna River and the ratio is

vi v = 0.83-'
m'’ s ;

at Hardinge Bridge on,the Ganges. o o _ : . -
'On_theiaverage, we get_ o
vm-/ vsg= 0,&.

According to the Prefeasibility Report (117JB), maximum discharge )
water levels, maximum mean velocities on verticals v_ and surface

velocities on: verticals v, measured at Hardinge Bridgemoﬁ the Ganges_
from 1950 to 1971 are as follows. - e

- B4 =
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Table 2Q8 Discharge and Velocity at Hardingehﬁridge

IR o ~Mean - -.- Surface" b
Date - Max. discharge - velocity velocity " Water level -
| (efe) . (g/s)  (f/8)  (R.L. fr)
Aug. 19,1950 1,815,158 11,14 13.10;' | 246.50
Aug. 29,1951 1,487,707 . * 8.63  10.72 244.80
CAug. 30,1952 1,654,063 ,.9.31  11.25 246.50
Aug. 30,1953 1,833,286 .~ 10.29 12,80  246.50
Aug. 25,1954 2,006,438 9,56 11.25.  246.80
~Aug. 23,1955 2,085,524 9.27 11.35  247.20
‘Sept. 22,1956 2,028,366 1 9.65 11.35 . 246.10
Sept. 7,1957 1,541,722 8.41  9.99° 244,30
Aug. 15,1958 1,094,755 8.33 - 9.90 245.70
Aug. 23,1959 1,762,436 © 8.70 10.37 245.50
Aug. 23,1960 1,687,261 9.32 11.00 - 245.50
Aug. - 9,1961 1,892,246 7.45 9.25 246.40
Sept. 8,1962 1,547,055 - 7.46 9.99 - 246.00
Sept. 7,1963 1,902,571 1 9.99  12.36 245.50
Aug.  7,1964 1,807,006 9.56  11.25 244.90
Sept. 16,1965 1,521,838  9.49  11.84 . 243.50
| Aug. 30,1966 1,808,899 9.5 10.98 245,10
Sept. 24,1967 2,066,198 ©  11.95 ~ 14.06 = 245.30 -
Aug. 31,1968 1,721,796 9.73 . 13.10  244.30
Aug. 23,1969 1,952,475 10,43 . 13.40 - 246.00, |
Sept. 24,1970 1,957,002  11.43 11.84 24390

Aug. 26,1971 - 2,162,707 1 13.39 15.75 . 248.00

From other hydrologic data, three records din which water level
discharge and water area.are simultaneously known were selected.and,
from Table 2-8, four records ;in which.the water level 1s higher than
R.L. 246.0 ft were selected for the convenience-of computation of
- water area.  These data together with that giving the design water
level and the design discharge are: shown in Table 2-9.

-6 -



Table 2-9-_Discﬁarge‘and_Mesn Velonity at Hardinge_Bridge .

CeDate o RuLaens oAl QL e
‘ o @ (103ft2) C(103cfs)  (fe/9)"M (afs)

 Design - 250.0 n”gzqﬁ,;,' 2,500 . . -8lso o 2.59
g, 2, 1971 - 248.0 285 whle3 - 7.8 2031
Sept. 16, 1970 2425 237 . 1,577 77 6ie6 2103
Aug. 15, 1970 243.2° ., 254 1,637 6.43 1.96
Aug. 23, 1969 . 246.0 = 277 - 1,952 7.05 2:15

Sept. 22, 1956 ~  246.1 277 .. 2,028 7,32 . 2.23

avg. 23, 1955 . 247.2 282 .. 2,086 7.40 2.2

Aug. 25, 1954 246.8 280 - - °2,006  7.17 2.18

Using the data given in Tables 2-8 and 2-9,° correlations between
. ‘water level and discharge, ‘water level and water area, dnd discharge -

and mean velocity vM were studied which are shown in Fig.2-34.

Table 2-10 v, and v of the Jamuna and the Ganges
T T T oM mmax S -

‘Date . Site M o Vi max

(m/s) (£t/s) (m/s) (ft/s)

Oct. 4, 1973 Nagarbari © 0.86 . (2.82) 1.08. ( 3.54) Table
Sept. 24, 1973 Sirajgani C1.17 (3.84) 1.42 ( 4.66) "
Oct. 17, 1973 Gabargaon - 1.18 (3.87) 1.19 ( 3.90) "
Oct. 11, 1973 Bahadurabad 0.83, (2.72) 1.16 ( 3.80) = "
Aug. 26, 1971  Hardinge = . 2.31 (7.57) 4.08 (13.38) Table
Aug. 23, 1969  Hardinge 2.15. (7.05) 3.18 (10.43) "
Sept. 22, 1956 Hardinge 2.23 1 (7.31) 2.94 ( 9.64) "

Aug. 23, 1955 Hardinge 2.26 (7.41) 2.83 ( 9.28) "
Aug. 25, 1954 Hardinge 2 |

_ Table 2- 10'gi#es'data obtained in the Jamuna River by the Japanese
Survey Team (Table. 2-7) and data. obtained 1in the Ganges (Table 2-9 and.

2-7

2-8

.18 (7.15) 2.92 ( 9.57) "

.. 2~8) on values .of vM ‘and v - Using these data, correlations between
Yy and v_ -ﬁai were: studied mﬁich are, shown in Fig 2 35.

.4 7 Coefficient of- roughness

‘;[' oefficient of roughness n was first derived from ‘the discharge
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measurementsfin 1973, In computing n value in the Manning formula,

1 2/3 1/2
i o .
{. _vr=lnean veloeity.(m/s)
1= water surface slope
R_'= mean water ‘depth (m)
n %’coefficient of roughness

the values given in Table 2-7 ‘were used for Q, A (v = Q/A) and

R (= A/W, W denctes river width at water surface), and the value of" ;
I at each discharge-measurement site was read from the simultaneous‘j
water-stage profile, shown in Fig.2-36, which was made based on data
-oh water stages measured at twenty—five gaging stations of BWDB during
the discharge-measurement peried. ;

Table '2-11 shows computation of n values at the four proposed
bridge sites and Fig.2-37 gives distribution of n values on the Jamuna
River. The average value of n on the’ river is 0.02 over the whole
‘stretch except Bahadurabad : :

Next, for the purpoSe of obtaining values of coefficient of
roughness for cross sections surveyed in the dry season, water profiles
were calculated on a stretch up-and- dowastream of Bahadurabad where -
discharge records are regarded to correspond with those of water level
In making this calculation, three kinds of n values were used and it
was. assumed that ' the -maximum flood discharge in 1970 (2,700,000 cfs‘u
. at Bahadurabad Station on July 28, 1970) had- flowed through cross .

" sections measured in 1969/70 dry season. ' The results are shown in
Fig 2-38. : R : T

This figure indicates that the most reasonable . value lies between
0.015 and 0.018. On the other hand, mean value of u. was taken at 0,017
in Flood Control Plan for East Pakistan, First Stage (113GN) Accordingly
0.017 may be taken.as a reasonable value of n derived from cross sections.
in the dry season. - -

. . As mentioned above, n value derived from flood'discharge and cross

~ sectlons at the flood time was 0.020, while that derived from flood.
discharge. and cross sections measured in a dry season nearest the flood
time was 0. 017 ~ From these results, value of n "during:flood is likely

© to be:0.020., The cause may be sought in the ‘fact that river depth is
usually shallowed to a certain degree owing to sedimentation of sus-
pended materials which takes placelin general at the end of a flood.
Further study is necessary until the accurate value is. determined “In
the present feasibility study, 0. 02 was used expecting to obtain rather
.high water level , . S '
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7 "CHAPTER TII -

STRATEGY OF RIVER CONTROL

1. Guide-bank System.

In general, braiding of a river is associated with steeper slopes
and larger sediment loads than meandering, and-1f the slope of a stream
is excessive or the discharge 1s increased . to a relatively large magni-
tude, the local rate of bank scour and deposition may be of sufficient
magnitude to cause the stream to braid

The present Jamuna River is a typically braided one. But at the
‘present stage; we can find no sufficient study why the Jamuna is thus
braided. However, major causes. for braiding may be sought in the facts
that (1) the discharge of the Jamuna was suddenly increased by the change
in courses of the Brahmaputra-Jamuna River and the Tista River, (2) the
present Jamuna has taken its course along a depression running almost
straight from north to south, on account of which the slope of the

~Jamuna is steep compared with large rivers as the Ganges class and
(3) length of the river in this alluvial plain is still short compared
with the magnitude of discharge and sediment load

‘A braided river is. presumed to be transformed eventually to a mean-
'dering one in the very remote future. The" present Jamuna River also .
must have this nature.  Even if the Jamuna has this nature, a state
of meandering can not be encountered within 100 or 200 years from now,

 because ‘it is only less than 200 years since the 01d Brahmaputra shifteéd

its course to the present’ Jamuna. Therfore, the construction- of the
bridge should be planned on the premise of braiding._ :

" In .this river, the braiding produces cliffy banks almost on the
whole length of the river at least within the land of Bangladesh., The
.space between both cliffy banks is regarded as an effective width for:
flood flow. : -

Notwithstanding both the banks form cliffs, such clayey bank as
seen at Sara on the Ganges is not found on the Jamuna River. 1In other
words, no portion of the banks has resisting power to erosion. It
means that no portion of- ‘the banks can be fixed without any artificial :
protection. This holds at nodes of braiding as well as: at loops. N

. . The Japanese Preliminary Study Team recommended the four nodes of
braiding as sites to be proposed for bridge crossing This is certainly
appropriate since the nodes have been standing at the present places at |
least for-about one hundred years. . ‘However, "this is only based upon
. statistics and ‘it is very regrettable. to say that, at the present stage,

‘we' cannot elucidate the reason .why ‘'such nodes have been produced and
:Zstanding for .such, a long time as one hundred years.._'~ .

_ Although it is very appropriate to choose a node as a bridge site,
- we'can find no guarantee that these nodes will forever stand at the i

:bi‘s 523: s



same: places without any change An the forms.. On the contrary, the fact
is that incessant erosion at banks has been occuring even’'at the:nodes
of braiding; it is a: well—known fact ‘that severe'erosion has been
occuring at the bauk of Sirajganj and costly protection works are being
carried out every year. Therefore, even in case a-bridge is spanned at’
such sites, some revetment works will be inevitable 80 as to protect

the - abutments of the bridge.' i i SEHIEE R Tl

On the other hand in every high—water season, flood water hebitu- :
ally spills over both: the ‘banks "and :the:lowlyling land located ‘between
the two Barinds is: ‘always - {nundated irrespective ‘of - the river .channels
and the lands,. This phenomenon not only facilitates spilling to tri-

butaries ‘but also ‘produces incessant: erosion at banks. In'this meaning, o

~ this river. may ‘be called a river having no banks.: Since it is very
difficult or, . at the~present ‘stage, almost :impossible to revet the
whole stretches of both ‘the banks, only the stream channel.at the’
bridge crossing site must be fixed and protected from spilling or’
braiding.. o : : . _ :

For this purpose, the river flow which is extending over the whole
valley must be interrupted by cross dikes on both ‘sides and " confined to
run through a fixed. opening between the cross dikes. In other: words, -
we must guide the river flow into a fixed opening by making use of the
water~stage difference between the interrupted area or the dead water
and the opening space. In this case, two guide banks are inevitably
needed at both the edges of: the,opening space in order ‘to protect the
 edges: and guide the flow. into the opening as smoothly as possible and
without any destructive influence on both the cross dikes,  In con-
clusion, guide-bank system must be taken as far as a bridge is not.
_spanned over a quite 1ong distance which far exceeds the whole river
width : T ST I L N

2 Minimum River Width

In. planning the guide-bank system, it will become important R
-problems to.determine:the width of the opening space, the length and . -
the shape of the guide banks and the method' of protection’of the guide -
banks and the cross dikes. Cross dikes willfalso be used for the
approaches of the bridge.-,‘ o ' S e T

The Inception Report gives three factors, (a) stability of river
_channel {b) construction cost of the'bridge and (c) traffic: volume
in selecting the most suitable site: for: bridge crossing from among the

- four' candidate sites recommended by the Japanese Preliminary Study Team.

The second factor, construction cost of the bridge, should be composed
.of cost of river control works and cost:of super~-and ‘substructures of °
the bridge. On. the other:hand, it-is: easily expected “that the cost of-
the bridge works will be increased almost:proportional to length of
 total span or river width, while river control works will have‘a ten-
“dency to decrease. Accordingly there may be a minimum cost with. Tespect
to river width.: If there is’'a river width which minimizes the-cost, it
must:-be: compared with ‘such a 'minimum-river width as" suggested ‘by Lacey.': :
" For this purpose, the minimum river: width or the. 1ower 1imit of river otk
_width must be’ knowu beforehand L -



.G. Lacey. (llAHGB) presented the'following formula giving a minimum ..
stable river width of large rivers in. an alluvial plain based upon .
_ studies on the rivers and canals An . India and: Pakistan. f wo Ll

2 67 /“‘ | ':"-7.5 (3 1)

' where W is minimum width in a stable channel in ft and Q 1s discharge S
in. cfs. ' : :

According to the preliminary study in Chapter V the average value
of mean velocity on the stretch.from Bahadurabad:to the confluence with -
the Ganges 1is:about 90,000 cub.m/s.. -If the Lacey formula is also appli— :
‘cable to the Jamuna ‘River, the. minimum stable width of this river will .-~
be calculated at 4,900 ft.or 1,500 m. . And if this width is actually"
formed,:1t will-produce'as high mean velocity as 2.7 m/s or 9 ft/s‘and -.
the maximum mean-:velocity on. a vertical will attain to 4.9 m/s or 16 -
ft/s according to Fig.2-35.. This will also preduce as high surface -

- velocity as 6.1 m/s or 20 ft/s. According to the studies made in. = ..
Chapter V, such high velocities will cause a severe lowering of river
bed.:-:The mean depth :below the .ground level will be as deep as 20 m and-
the. depth at thalweg will: attain to 78 m below the ground level. ' This.
is unpractical from the viewpoint-of maintenance of structures as well .-
as construction works of river control and bridge. . Therefore, ‘the .
Lacey formula should not’ be applied to the present case.

On the other hand C C Inglis gave the following formula for crl
calculation of width of a meandering river in a flood plain (115 GB) D

asaf” '(3 2

"W
where %) is'river.width in ft and Q is discharge in cfs.

 This formula gives a width W= 8,700 ftr = 2,700 m at the same
discharge mentioned above. The two formulas give a quite large
difference. . In the present planning, therefore, we must study it with
regard to the natural feztures peculiar to. the Jamuna River itself
ll'without regard ‘to. the above formulas. S ~

For this purpose, relationship between river width at. the ground .
level and the corresponding water area below the bround level was studied
making use of the results of cross surveying made by BWDB over the
stretch.of about 220 km-from.the confluence with the Ganges.to: the up— i .
stream- of . Bahadurabad: every year from the dry season of 1964/65 to.
the: dry season: of 1971/72 The relationship is showu in Fig 3 L.

This figure shows extensive scattering of points which is presumably}
-.caused by braiding and - indicates existence of:a: minimum river width:

-when a water area-is given. .. This characteristics may be used for- search—:
ing for:ia minimum river width N i S R PR T

We assume that flood flow is confined withinrtwo‘embankments on!f3 i
. both banks -and  the-water level is raised-above the ground 1eve1 . When:..o
diSchargeyisfdenoted:by=Q,_it”may ‘be: expressed by e e

A
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L T A T 2m2 | © 3.3
:where A and v 1 are water area above the ground level and mean velocity
of the ‘water. area, and A2 and v_, are respective values below the ground

‘level, Giving the value of discharge Q, we are going to obtain the
. value of A using the equation (3.3). .

Since the equation (3 3) is nonlinear, we must consider of making
., some approximation 'with the view of obtaining an: approximate value of
;Az.' First, we rewrite the equation as follows.

= Q/v' - A (v / ) 3 (3. 4)

‘In this equation, if we make an approximation to use v Jv_in place of
v /v . and v_ in place of v'z, we can obtain the value o? A when the

'1value of Al is given. 2
: In. the preliminary study to be described in Chapter V, v_, is about
‘1.6 m/s and the rise of water level 1is about 4 m in case of tﬂe discharge :
190,000 m3/s.  If we now assume-a value of river width between a'pair of
gulde banks, we Will get 'a value of Ay and we will obtain a value of ‘A
from the equation (3.4). Weuncan read on Fig,3-1 a minimum river width
-for 'this value. "By iterating this’ procedure until the read value becomes '
. equal to the. assumed one, wé can obtain the value of minimum river

width corresponding to the discharge 90,000 m 3/s (3,180,000 c.f.s.).
fThus the minimum river width was- estimated at 3,900 m. -

. In conclusion, we have decided to adopt the third method for
:calculating minimum river width :

| _“'.55';-,.



CHAPTER IV

DESIGN DISCHARGE FOR BRIDGE CONSTRUCTION

1. Return Period of Flood: Discharges at Bahadurabad
In the ‘present study, four sites (a) downstream of Bahadurabad
(b) near Gabargaon, ‘(c) ‘about’ 10 km downstream of Sirajganj and - (d)j

about 20 km: upstream of Aricha’ were “taken up as the’ candidate sitesj_
for bridge crossing. In order to determine minimum river width and ..

design high-water level for planning the ‘bridge; we must set’ design_. O

discharge at each site. The design discharge at each site should
have a magnitude not less than: - 100-year ‘return period in view of
importance-and scale of the projected bridge.

On the other hand we | have o long—term ‘records of" flood dis-
charges except those taken at Bahadurabad. Therefore we must derive
the design discharge for each ‘site from the return period of flood
discharges at Bahadurabad in consideration of branching of the Old
* Brahamaputra River and the Dhaleswari River and joining of the
Hurasagar River..

The 100-year flood discharge at Bahadurabad is ‘3,278,000 cfs or
. 92,770 cub.m/s as already mentioned in 4.2 of Chapter II. If the
150-year flood is taken, the discharge is 3,358,000 cfs or 95,030
cub m/s. This means an increment only of 2 %.

If we use the Manning formula, discharge Q is given by

W 5/3 1/2 a
ot

B

where W 1s river width, H is mean water depth and ‘H = A/W, A is water

area, n is coefficient of roughness and I is water surface slope. If

the discharge Q is increased by xQ '
QI....Q+ Q Hl5/3 1/2

. where’ H' is the increased depth while river width W coefficient of"
roughness n and water’ surface slope I were assumed to be unchanged

‘When we express the increased water depth by s
| H'"H+yH,J. |

"the'above two-equations give _'

1 + y'= - (L + x) /

_'or'';appl.:_tl:i:\c.it.n:'a_"tt'ely{:‘.""‘E

Y TE R
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If we take the 150-year flood ‘for the 100-year flood, the. ratio
of the increment of discharge, x, is only 2 % as mentioned ‘above.
Accordingly the' increment.ratio .of water depth, 'y, will be 1.2 % by
the above equation. If we assume that the 100-hear flood discharge is .
confined within the embankments to be built on both sides of the:river, -
the mean water depth will be about 18m. Therefore, the increment of
water depth when the 150-year discharge has been confined within the
embankments will be only 0. 2 m. .

The magnitude of this increment is certainly within measurement
error due to wind wave and variation ‘of river bed, ‘etc.’: From this =
& viewpoint ‘we decided to adopt the lOO-year flood, 3,278,000 cfs- or '
92,770 cub.m/s at- Bahadurabad as the basic design discharge for the
bridge planning ' ' . i

2..Diversion ‘of Discharge_toitheifributaries.”'
2.1. Diversion.to the 01d Brahmaputra River.

Using ‘data on discharges at Bahadurabad Station, Q R and discharges
- at. Mymensingh Station, Q. correlation between them was. studied with =
‘regard to the same day. This 'is .shown in. Fig 4-1. This. figure indicates
a fairly good correlation, which is expressed by the following equation.

Q= 0.0536 g - 10. 5 (QM,Q in 103 cfs)

2.2, Diversion to the Dhaleswari River.

The Dhaleswari River is divided into two channels, the Dhaleswari
River and the Kaliganga River, after branching from the Jamuna. There-
fore, the discharge of the Dhaleswari River must ‘be the sum of the two .

discharges at Jagir Station on the Dhaleswari and Taraghat Station on
the Kaliganga. ' On the other hand,‘Sirajganj:Station has no discharge.
data measured in the same years as the two stations on the Dhaleswari.
Therefore, discharge data at Bahadurabad must be used in place of those
_at Sirajganj : . : B
. 8ince Jagir and Taraghat Stations are as far as 150 km from
Bahadurabad Station, time. lag must be considered in the study of corre-
lation. After some - trials, it was found that the most reasonable time
lag was. one day. . Fig.4-2 shows the. correlation of the. two discharges .
under the time lag of . one day, which is expressed by the following
equation.

RS QJ+T - 0. 0789 QB 5.9 (QJ+T, Q “In 103 cfs)
where Q is discharge of the Dhaleswari (sum of the discharges at
Jagir'an Taraghat) and Q 1s discharge at Bahadurabad .

3. Design Discharges at the Four Bridge Sites.

In allocating discharge on the Jamuna, the following was, taken into-
consideration. -

".-hﬁs . o
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:  a., Diversion discharge to’ the 01d Brahmaputra River shall be
controlled to 30,000 cfs- by a barrage to be built on the 01d Brahmaputra
River in the future (87 GN) .

b Diversion to. the Dhaleswari River shall follow the present rule
of diversion ‘even. when the 1eft embankments were constructed

c. Joining discharge of the Hurasagar River can be. disregarded
because joining of the discharge will be stopped by the back water of
the Jamuna- River when it reaches to a peak of discharge. 4

d. Spilling of discharge shall not be considered because we must
- consider future building of embankments on the left side of the river
(87 GN) o L

e. Decrease of discharge due to storage in the river channel of
the Jamuna can be disregarded because. flood wave is very flat and long
compared with the river length considered and further, rising speed of
water level is very gentle. o S S

Thus the allocation of discharge on the Jamuna River was deter—
mined as follows in’ consideration of 100-year flood.

3, 420 000 cfs or 96 850 cub m/s for the stretch from the branching
point of the Old Brahmaputra to- the branching point of the
Dhaleswari

3,160,000 cfs or 89,490 cub.m/s for the stretch from the branching
point of the Dhaleswari to the confluence with the Ganges. '

For reference, the discharge upstream of the branching point of
the 01d Brahmaputra is. 3,450,000:.cfs or 97,700. cub.m/s, the. controlled -
discharge of the 01d Brahmaputra is 30,000 cfs or 850 cub. m/s and. the

-discharge of the Dhaleswari is 260,000 c¢fs or 7,360 cub. m/s. This
_ design—discharge allocation of the Jamuna River comparing with the
.present state are shown in Fig 4=3,

‘-70 -
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i stau. CHAPTER Voot o

: i+ »PRELIMINARY DESIGNS OF THE RIVER CONTROL WORKS

In accordance with the Inception Report, construction costs for
_river control works must preliminarily be estimated for comparison of
- suitability of the four proposed bridge sites shown in Fig.2-9., For

the preliminary designs of the river control works, topographical maps
of the river and the cross sections which were prepared based on the
surveyings made by the. Japanese Surveying Team in the flood ‘season of
1973 were used together with the aerophotographs taken in the dry
‘season ‘of 1970/71.: R

Since the preliminary designing was made before ‘the flood season of
1974, data on flood discharge in 1974 was not included in the study of
return period of discharges; accordingly, the results of analysis of
"~ return period were the'same as those mentioned in 4, .Chapter II,

- The design discharges for the four sites in the preliminary designing
were as follows., R _ ' . :
.+ 3,163,000 cfs or 89,600 cub.m/s for the stretch from the branching
" " “point of the: 0ld Brahmaputra to the branching point of the
' Dhaleswari, S : L

2,919,000 cfs or 82,700 cub.n/s for the stretch from the branching
o point of the Dhaleswari to the confluence withﬂthedenges.

. In the p:eliminaryrdesigns, three kinds of guide-bahk_spaﬁs were
considered at every site for the convenience of compariscn of total
construction costs comprizing those of river control works and bridge

building. -~ i ' ' ' S -

1. Guide-bank Spans atéSpaﬁﬁinngites.

(a) Type-A. ™ . B

. As seen in the'ae;ophbtographs #aké& in 1970/71 or in Fig,z-g,'._
width of main stream in the dry season is roughly 2 km or 6,600 £t at -
the nodes of braiding. This width was taken as Type-A. " . =

(b) Type=B. | | |

As.élfeadyfstudie&“iﬁ é,'Chapter IIT, abouf A,QOb_kﬁ or'iB;loblft

is neededuas'a"minimum_vglue of net guide-bank span. Adding a total N
width required. for piers and lossés due to them, a guide-bank span-of =
4,200 m or 13,800 ft was taken as Type-B. ' -
'(Q)HTypg§C:}f;-ﬁ' B '
The width between both riﬁér.banks (cliffs) at every gite was =
. taken as Type-C. These are as follows. IR -

5,200 m (17,000 ft)  at Nagarbari site.

5,600 m (18,400 ft) at Sirajganj site.

-72 -



5 200 m*(17;000 £t) . :-at. Gabargaon site.
' 13y 600 m (18 400 ft) at Bahadurabad site.

2 Alignment of Guide Banks.

R.R. Gales proposed in his paper. (118GB) alignments and 1engths of
guide banks':necessary to lead flood flow toward between them so as to .
avoild: damages to the approaches and protect piers by making the flow:
pass under the . bridge as uniformly as _possible.  The standards of N
alignments and lengths given by him: are shown in Fig.5-1. In this figure,
Gales uses the words of permanent banks. However, these words do. not’
seem to be quite suitable in the-case of the- Jamuna, although they may
have been reasonably:used in: the case of the Ganges because of existence
- of clayey bank at Sara. o : : :

If we assume in the present case that the distance between two
permanent banks 1s a width in which a river channel is. moving freely, it
is estimated at about 20 km (12.4 mi) according to the aerophotographs
taken in the 1970/71 dry season.

Fig.5—1 indicates that the length of guide bank upstream from the .
bridge axis should be taken two times as long as the distance between the
© two guide banks’ in. case .the permanent—bank width is thirteen times as
wide as the guide-bank span and a length equal to the guide—bank span
is required in case the’ permanent—bank width is seven times as wide as
the guide—bank span.t For. an intermediate, interpolation can be made,
In the present case, Type-A alone lies inbetween. So the length of
the guide banks upstream from.the bridge axis was estimated at 3,000 m
_by means of interpolation. But the other two types lie outside the
range. ' For these types, 3,000 m was taken irrespectively of the guide-
bank span, because theé same state of flow as expected in Type-A may
occur along either of the two banks and, in our judgement, this length
i will be necessary to keep the function of guidance.

; In regard to head of the guide bank, a shape of circular arc was
taken 1n consideration of bending of river channels and the radius of
“the head arc was taken at- 627 m (1910 ft) according to Gales' proposal..
In case the design guide—bank span 1s 2,000 m, a straight-line length of
/250 m was added to the outer edge of the head arc and, in. the other

" types, the length of the arc was 1imited within the inner angle of
120°' : . . .

?”" Design length of guide bank downstream from the bridge axis was
‘calculated at 750 m. for the guide-bank span of 2,000 m according ‘to the
:standard 3L/8 as shown in Fig.5-1. Since there is no reason that the.
“.length for the other cases can be shortened than the above, it was
edecided to apply the length of 750 m to. all cases. ‘Also the plane
shapes shown in Fig.5-1 were applied to all of them.  Thus the alignment
.of guide banks was designed as shown in- Figs.5-10- 1l to 5-10- 4 and the

: total length of guide banks are as fUllOWS.

5 495 m or 18,020 ft on one side, 10 995 m or 36, 050 ft on both
. sides for the guide—bank span of 2 000 m.

E:jph—%73 fi;”
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4 634 m or. 15 190 ft on ‘one side 9, 268 m or 30 390 ft on both
sides for the other guide-bank spans : :

_ Further in future, in making detail designs, hydraulic model tests .
are recommendable for determinning the alignment and the length of the
i_guide banks. : S S

_f-3 Design High—Water level

_ At first we need to know general features of water-surface profile':

and: velocity of the ‘river in case. flood discharge is confined within

.. embankments on both banks. . The calculation was made using discharges
allocated on' the stretch considered in consideration of diversion to the
0ld Brahmaputra River and- the Dhaleswari River on.the basis of - the

~ Bahadurabad flood- discharge on July 28, 1970 which was the largest one

- before. 1974 and using the cross sections surveyed by BWDB in the dry
season of 1969/70 ' S . . .

These surveyings were made at. large intervals of 4 mi 'Therefore,
 nonuniform-flow method ‘is not applicable to the calculation of water
level. 'In this case, uniform-flow method was used considering that loss
of head due to’ resistance should. predominate ‘in the total - losses, and '
0 02 was used in the calculation : -

_ * The calculated water-surface profile is shown in Fig. 5 2 and the
_calculated velocities are shown in Table 5-1.. In Fig.5-2, water levels
: actually measured on July 28, 1970 are also shown for comparison, and-

Table 5-1 Mean. Velocity along the River Course . -
' (1970 Flood and 1969/70 cross sections)

~ Sect, No., Water - stage Water area Discharge Mean Velocity Remarks. -
3 (m, PWD) (£, PWD) (10°m))  (m/s)  (m/s)(ft/s)
i R 9.00 (29.51) 41.52° 70,660 1.70 (5.57) n = 0.002 .
2. -12.68 (41.57) 53.13 70,660 1.33 (4.36) . S
3 14.07 (46.13) 44,13 70,660  1.60 (5.25)
w4 13,25 (43.44) 55.25 70,660 1.28 (4.20)
5. 14,83 .(48.62) 50.34 . 70,660 1.40 (4.59)
6 15.20 '(49.83) 52,06 70,660 1.36 (4.46)
=T 14.93 (48.95) 43.47 - 76,460 - 1.76 (5.77)
.8 0 15.77 (51.70) 42.19 76,460 . 1.81°(5.93)
9 . 16.96 (55.61) 46,71 - 76,460 . 1.64 (5.38)
10 - . 16.60  (54.43) 51.24: 76,460 1.49 (4.89)
S11¢ 0 0 19.86 (65.11) 40:33 . . 76,460 .1.90 (6.23)
120 - 019064 (64.39) .- 49.18 - . 76,460 @ 1.56 (5.11)
13- 21.10. (69.18)  -49.93 . 76,460 - 1.53:(5.02)
S 14 07 210300 (69.84) .- 56.05 - 80,260 1.43(4.69)
ot e 23067 0(77.61) _46192}f’ - '80,26G.. . . 1.71(5.61)
016 vt 24.54 7(80.46) 7 51073 . 80,260 - 1,55 (5.08)
*?ﬁt-"""h'””f"”*' : i'rf":}"””-' o mean.l.57f(5}15) S

_ water surface profile calculated at the design discharge (lod;féar flood)h'
.1s-.also showu in this figure for reference In the latter:case, average'*
. cross sections of those surveyed by BWDB since 1964/65 were . used



- Fig. 5~2 Water Level Calculated by Ma_nning’s_ Formula
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It can be seen from Fig 5 2 and Table 5-l that (a) the rise of
water level when- the discharge is- confined within embankments will -
attain to about 4. m- above the: ground level. in the: 1ower reaches and
about 2.5 to 3 m in the’ upper reaches, whereas the’ rise when’ spilling of
~ discharge is allowed remaing to be about 2.5 m over the whole stretch
- considered and (b) the mean velocity will remain to be about l 6 m/s
except for a. few sections.-jﬂ_. c ce S

‘Water surface profile ‘at every bridge site was calculated using
the design discharges previously mentioned and  the cross. sections which
. were surveyed by :the ‘Japanese: Surveying Team at intervals of 1 km or 2
km. In this calculation, -nonuniform.flow -equations were used on con-
dition that the design discharge is confined within embankments and:
coefficient of roughness is 0.02. Water level at the’ end of the stretch
of every bridge site was determined by a discharge—stage curve which
was made by uniform-flow equation using ‘the cross sections of lower
5-km stretch and water—surface slope obtained in the preliminary 'study
mentioned above. Further, since the interval of 1 km or 2 km is still
' large for calculation by nonuniform-flow equation, interpolation was
made between two - successive sections at: intervals of about 500 m, f

' The results of calculation are shown in Table 5 2. On the basis-g'
of these results, the design high water level was determined as follow.

a. Nagarbarixsite'- LT S IR -
' DHWL = 14.01 m (45.94 fc), PWD at Sect. N-13 . -
I=-1/25,400 . .. . ... ... e ET

b. Sirajganj site.a e L s
R DHWL 15.24 m -(49.97 ft), PWD at Sect.: S-11
‘ ‘ = 1/18, 500 ' : ' :
c. Gabargaon site._-‘ o S U PR S ST VRN
DHWL 19.44 m (63.74 ft), PWD at Sect. G-8
=1/15,000 - - R
d Bahadurabad site.; A SO S S .
AR DHWL 20.86 m (68.40'ft); PWD at Sect, B-8 -
+ -3 T1.=1/15,000 o SR

'.The design high water levels are also shown in Table 5 2
4. Standsrd Cross Section of Guide Banks. . “
4. 1 Freeboard

. Freeboard should'be.providedfin‘considerstion.of;wind wave;, future
changes in design’ discharge and river bed, etc.'. In case of the‘right
flood embankment of the Jamuna, five-foot freeboard was’ taken. : There-"
fore, if we take about three—meter freeboard, it will be- sufficient for
. this case. However,  in order ‘to make-sure of it, run—up height of e
_ wind wave was studied in the following. : :

Maximum wind speeds in ‘the past in- Bangladesh are shown in Fig 5-3
~and Table 5 3 It is evident from this figure that higher maximum wind

LR
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Fig 5 3 Locatlon of Wlnd Speed
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-speed occurs - on': the southeastern coast such as Chittagong and Cox =} Bazar,fV
- while. it decreases to the west and to the inland; for instance, 13.4 m/s

" at Sirajganj, 11.8 m/s:at Bogra andi8.6 m/s at" Rangpur., In view of these ' -

~values, wind speed for calculation of wave was taken. as 15 m/s (49. 2
ft/s) .. ‘Fetch.and water depth:were: taken:as. 10 km and - 10 - in consider- :
ation of topographic features.~ Foys e ST e el T Lt

Significant ‘wave: height H1/3 ‘was. calculated by Bretschneider theory '

on shallow waves. (119:'GB) on condition'that ‘wind :speed uyp =15 m/s, fetch
= 10 “km: and water depth h 10 m.~ . The - calculated dimensions of wave are . -
as follows.e BRI _.j- R -,.~~. f':” o _g SRR :

Wave height (Hljg)'-; gullaluloz-_ 0. 046-.. H1/3 - o 946 L
_ Wave;period (Ty173) s T1/3 = 3 86 ¢H1/3 3 75 _sec, ]

T AT A

Wave length (L)-_- : L s_.gzlii_ ta hGEEEQ --;33Liﬁ‘21;9‘m o
: 2r. L. S :
Wave celerity (c) . ::C st/T1/3 = 5?34 m/s - |
éawaﬁe steepness (H1/3/L) :3Hi73/Lv= 0,043—:ﬂ

When number of waves is denoted by N relation between significant

- wave height Hj/3 and the maximum wave : height of N waves is given by o

' Rayleigh as shown below. ' J T ot S RS
_Lllﬁfiffgﬁ'ﬂffsof-:; 100 - 200 500 LI;OOOiif 10;0d0h”f_

o Hﬁ##(gljsir‘ 351.42_e::;.53aj~”1.§45{ ~1}7j”1_-1.35 '-:'2;15»;':~«w

When N 1s large, the following equation holds approximately
Hmax/H1/3 1.07 J lOglU' N '

If we assume that wind of lS m75'continues ‘to blow for onezhour;*the«*-
number of waves will be 960 Hence e get_ _

limax- 1 85 X 0 946 1 75 m' 5 74 ft. =

Run—up height of wave -on the slope of guide bank was estimated by
‘. Savil's. study (119 GB) .~ 'In case ‘slope gradient of the bank is 1-: 3,
?ratio of run—up height R to that of corresponding deep-water wave Hg
is Vi < : : . y ;
”1;5, . for. smooth Slope, ‘and . ' S R RN
‘0,64 - for :slope protected by wave-absorbing works such as special
'precast concrete blocks ORI TS N BT

o Since ‘the wave height 0 946 m is nearly equal to. that of deep-.,
_‘water wave, the run-up height will be s R T




: ?l 5'#‘0 946 l 42 m (4 66 ft) for significant wave

:._—_‘15><175

2 63 m- (8 62 ft) for maximum wave

-~ "in-case" of smooth slope. -Actual run-up height will be 1ess than the S
f_:above since bank slope will be protected by stones .ot concrete blocks.n-

From the view point-of wave: ‘run-up alone, 2 63 m are sufficient
jx]for freeboard even in case-of :maximum wave and smooth slope. . : In:the
. .present case,. however, 3.m (9.8 ft) was adopted- ‘ag- freeboard . Ain.con- .
h-sideration of future changes that may possibly occur .in design dis-f-'
'.charge and river bed _ete., ' .

_”4 2 Crown width

.Ten meters were taken as crown width of guide bank taking into
consideration the convenience of construction works and maintenance
after completion.ﬁ _ . - .

- 4 3 Slope. gradient._

Gradient 1:3 was. adopted for river-side slope of the guide bank
according to overall-apron system proposed.by Gales, while gradient
.- 1:2 was adopted for. land-side slope keeping 1:3 as a whole providing
.with berms on’ the slope.‘-k-_

Rip—rap revetment with polyethylene mat was. adopted as’ protection

‘works for the river-side face and protection by polyethylene mat ‘and -
sodding was eonsidered .for the land—side face, Weight of pitching
stones on the river-side - slope was examined by Hudson's formula in

. consideration of resistancg to wave power.  When we take unit weight of

./ /pitching stone as 2.65.t/m”, unit weight of water as 1 t/m3, wave

" . height as 0.946 m. and the value of constant for material covering the
slope as 3.2, required height of one: stone was: calculated at. 52 2 kg
or 115 1 1b ST . ~ . .

'_4 4"Apron.
.-_4 4.1. Mean water depth between guide banks.‘,

o When a river channel is locally eontracted by guide banks, velocity
g'will be increased locally and’ river bed will be lowered at the constric-

. .tion. The amount of lowering can be estimated on condition that. quantity -
of -silt transportationiis the same’ in. both the. constriction’ and -the -

' stretches up—and—down—stream of :it.. ‘When we solve simultaneously ‘Manning's
. equation: and - equation; for-silt: transportation on condition that discharge

' .and- quantity of silt’ transportation are constant between two successive

. 'sections. we obtain" the ratio of water depths of the two sections -as :”-
':given in the following.:n” : . B

R

- where p‘iS"the:erponent;inftheﬂequatinﬁfoffsilt'trenspdrtation

'vpi;haz?;




e .pp‘ }._: _5--"
: :'Qs"‘d'_;._ql-a"l-*"' Sarid st i
= sediment load

constant -

= ‘exponent . .

friction velocity

S oeo
“ " |11 '}

‘and |

“'B,H -#‘channel width and water depth o o
B ,H ='channe1 width .and water depth at reference section.

‘ The value]of the exponent p-is_S_in-Sato—Kikkawa—Ashida 8 formuls.
:(119_GB);andZSHin'Brown's,formulaﬁ(119*GB)}_;Hence the above equation is -
expressed by - _le{_fnf,‘ : L e e e T
T A _,_0 57 S i ‘ ' : R
_ o= : by Sato—Kikkawa-Ashida 5" formula
Yo e o for bed load transport I

-
ke
1
~
I
-
1
P
wiw
\.J‘

..-‘;24./35;; : _-‘:_0 69 R T BT . -
RIS il § - by Brown's: formula for suspended .
ey i Tel e T e ;*' load transport R

e
il
~~ .
s
—r
"
-~
o |
S

.On the othér hand E M. Laursen (123 GB) proposes the following equa—
tions.

g g 059 T ; |
8 . oy R g o
T = (-i—-_....—.lr ‘ for;u*/w<1/2. H(trection)

0.64

|

n

f\} . S
o

I

[

forufw=1 " (transition) -

=9 L1 gor ugw2 | (suspension)

e
i '

' scoured mean. depth, H‘— H

friction velocity

BEttling Velocity Of Sediment particle;p‘”{:_ﬂie:“i

: 1.l.

=35’_'_:‘vloss of head ueﬂto contraotion is small we get {1, L



" Hence we obtain the following equatidns?for‘the-aboveﬁ

~0.59 it '

% = (—- > for u /w< 1/2
o e Y L
W g 0.6 s ;"*
= = ) ' for u /w 1
'H . .
o H;__o 69 ey Saeee e
NI : S : BRI Y Tt
- .. ,..l"H.: (B)» for.u /W 2 P e T ,".

S PR R ; it R R TR P ': I S A E i
According to" the study in’ 4 3 Chapter II "mean diameter of bed"7
. material of the river is 0.018 cm at Nagarbari Sirajganj and ' eniie
‘Gabargaon sites and 0.027 cm at Bahadurabad. Since the ratio of
“frietion: velocity to settling velocity is. 1arger than 2.1n any. case of
Types-A B, and Cy Laursen 8, formula coincides with Brown's.’ '

In general, changes in regimes of a river are 80 gradual that the
regime. can:be considered. to’ be-in equilibrium state ‘in. the process of
changes over a long;time as far:as some artificidl impact is not gilven.
Therefore, ‘the applicability of the above formula may be examined by
applying it to the natural state of the river.__

X RN Lo i - : .
E PO T - 1 S SRS E R I O

Thus the equation'”-

1 069
% =2y T RN (5.1)
: B . ) -

P T Y . . : ;

was applied to the present regimes of the river stretches which were
- surveyed by -the Japanese Surveying Team.‘ After some adjustment of
water depth of the reference section at the lower end of“a stretch, we
- obtained the results shown in’ Fig 5-4, ' which gives close ‘agreement
between surveyed and calculated values._ Hence, it was decided ‘to. apply
the equation (5.1) to the calculation of lowering of river bed due to
- constriction by guide banks. 'The calculation: was made.using the. _
reference section adjusted. in the above and. such ‘assumptions were made
- that' one'span of the bridge is 200 m or 656 ft, width of one pier is

"12 mor 39.3 ft and the effective width: on the bridge axis is re-

- duced by 25 % of the total width of all piers. The: results are. shown‘: :
in Table 5 4 and Fig 5~6' o : R e Tl R AR

: 4;4.2.: Water depth at thalweg between guide banks..”’ !

It is evident that water. depth at’ thalweg is larger than mean depth
and the larger the eccentricity of thalweg-is _the larger the depth is.

!s"‘ . _-."‘-E,

When river width is denoted by B, distance between the center of the_ :

width and thalweg by E," eccentricity of“the thalweg by ‘2E/B} ‘mean’ water
. 'depth by R, and the depth at. the thalweg by H , the relation. ‘between

" 2E/B and H /R was studied with regard to some cross’ ‘sections having

fremarkable %gcentricity which were chosen from those surveyed by BWDB




Fig. 5~ Comparison of . River Beds Surveyed and Calculated .
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: 'over the stretch from the - confluence of the Ganges to' the upstream 220
"~ km from. it and those surveyed: in 1973 by the Japanese Surveying Team
The results .are Bhown in Fig.5- 5 - .

"In this- figure, white circles are date obtained”from cross sections .

surveyed by ‘BWDB and black ‘circles are those obtained from the surveying ' - -

./ made by the’ Japanese.team.: - Crosses show Lacey's study (114 GB) These

data’ show no distinguishable difference between them, notwithstanding .
BWDB's were surveyed in the dry season and the Japanese team's were in'-
“the flood season. It 1is obvious, however, that water: depth ‘at thalweg

'f has a definite tendency to increase rapidly with degree of eccentricity

According to Fig 5- 5 it seems that there- 1is an actual upper limit

in the eccentricity of. thalweg. ‘Therefore, 1f we take a value of 0.9 as .

the upper limit of eccentricity, we obtain 3.4 as the maximum value for.
it. - The maximum depths were calculated for three types of constriction
at every: bridge site using the value. H /R ‘374 "The results are shown
in Fig 5= 6 : B : S

Table 5-4 Water Depth at the Constriction to be Formed by
: Guide Bauks : . .

e

o - iden .Numher et Water.depth Thalweg depth .
- Site. . ' type between of idth Cm Hmax at = - Hmax at
T e guide banks .piers w(m) (Ft) head of = . body of
A ©20.743  70.526 - 56.139
il A ?’999:_ IR B ¥ 865'.(68.02).A(23l 26) . . (184.08)
LT - 12.466  42.384 - 42,384
Nagarbari B 4,200 20 - 3'900.-(40.33) (138.98) . (138.98)
B P o aoe 10.831 © 36.825-7°: 36.825
c . 5,200 235 BB 35051y (120.75) (120.75)
_ — T19.949 . 67.820  53.862
| o A B0 8 1865 (hsany (222.36) (176.60)
NI e T & ©11.985 U 40.749 . 40.749
- Sirajganj B 4200 20 . 3,90 (39.30) " (133.60) ~ (133.60)
' DA o g e aae | 9.845" 33'473ff' 33.473
C 2800 27 5,195 433798) (109.75) (100.75) -
— NEPOpeY 9 1,865 20282 68.959  54.801
o BN e Cocn 12,071 - 41.041° 41.041
(Gabargaon . B 42000 20 3,900 (59sgy (134.57)  (134.57) -
ERE T i iase. 10,4570 70135.554 100135 5547
€ 0.5:200 25 4,825 (3.7,qy (116.58) - (116.58)
o T 18.675 . 63.495 . 50.542
oo A B0 91,865 (61 Ta0) (208.20) - (165.73)
‘Babadurabad - B . " 4,2000 . 20 3,900 a-gl. 3T ggf?=s'<i3§’§2f'
© 5,600 27 5,195 0185 0 31229 . 31229

';;;NoteT G}B}“ﬁeeuefguide:henk¥””;T”*d”l

(30.12) - (102;40)---’(102 40):_"h



Fig. 5-5  Relation of Hpox/R and 2E/B
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- In these figures, crosses show mean water depth. below the design
high water level and black circles. show the maximum water depth for-

+ White circle in Fig.5-6-shows a maximum: -water depth in
- case a- discharge 2,500,000 cfs,-. corresponding to the design discharge
.- for Hardinge Bridge ran through the constriction considered.

-White:.

circle with cross. in the same figure shows. the maximum water depth
applied by Gales to the design of heads of guide banks at Hardinge

Bridge and triangle shows the depth applied to'the bodys. of guide banks. o

This figure indicates that .the maximum water depth proposed by Gales '

well accords with that calculated here..w

. Thus the maximum water depths for design of aprons was determined

_ as follows.

.a. Type—A

method ERADREER
71ﬂm'

68 m (223 ft)

69 m (226.ft)
(210 £t)

- 64 m:

(553.ft5

'Head of guide bank maximum water depths calculated by the above .

for Nagarbari:sitein
for Sirajganj site.
.for Gabargaon site.
-for Bahadurabad-site.

Body and taill: -design water. depths for body and tail were determined by

multiplying the above-mentioned design water depth for heads by Gales

57 ‘m (187 ft)

54 m (177 ft).

55 m (180 ft)

51 m (167 £t)

b. TypeQB;

"ratio of water depth for body and tail to that of head

for Nagarbari site. .
for Sirajganj site.

" for Gabargaon site.

for ‘Bahadurabad site.

Since the width between both guide.banks_of this typehis,quite
large, 1t is very difficult to expect that the banks can function to

align river flow. -

‘Therefore,. it was decided to give the same depth as:

calculated for head to body and tail as: well

43 m (141 ft)
41 m (134 £¢)
42 m (138 ft)
38 m (125 ft)

e Type—C.:;_d”

1ol

for Nagarbari site.“

for Sirajganj site.

ﬂ‘foriGabargaon site.

for Bahadurabad site.

Based on the same idea as in the case of Type—B, the following ‘

"values were adopted for design.‘

37 m (121 fc)

34 m (111 ft)
36 m (118 £t)
32 m (125 ft)

for Nagarbari site.

for Sirajganj site.

for Gabargaon site. _
for Bahadurabad site.’




4 4 3 Protection works of guide banks. R

It is expected that stones- placed in front of guide banks will fall
‘with: scOuring at the foot and eventually. achieve the: purpose of’ revet—f-
ment by covering the front of ‘guide bank at a stable slope of 1:2. Based
on this idea an over:- all-apron system shown in Fig 5 7 was adopted

(1) Length of apron. w.,g"'V :

N According to the figure, length ‘of the apron ‘18" taken as’ L =1, 5D
where D is water depth from the ground 1eve1 of the apron to the pros—
pective river bed : : S RN : ,

(2) Thickness_ot pitching stones for ‘apron.

‘It is necessary to provide a thickness enough to prevent leakage of
sand through void of.fallen’ apron stones. -Thickness:of 7 ft was taken’
- . for heads of guide banks, 6 ft 3 in for bodies and taills according to
 Gales' proposal. Let T, in Fig. 5 7 be 7 ft and 6 ft ‘3 in, the’ required
“thickness T of the apron will be : : o

T=1.5T 1 10 £t 6 4n- - for heads”
T=1.5T) =9 ft-34dn: -~ for bodies and tails.

nn
nn

. Considering an-alioWance;:design thicknessiwas'taken‘astfollowsl*s

a. TyPE-A .
: 3.5 m for heads =
3 0m -~ for bodies ‘and tails
bv TYpeeB and:C. N |
. 3.0 m .‘ . for heads, bodies and tails -

4.4, 4 Size of pitching stones.‘e

_ Size of "stones which will not move even at’ the prospective maximum
- depth was calculated for each type of guide banks for each-of'the pro-
poposed four sites. Kramer(s formula was used for the eritical
tractive force. e L e e e

u, = 26 95 d’ (c,g,s unit)

The results of calculation are shown in Table 5 5. Furthermore, we
calculated size of stones d' by S.V. Isbash formula as explained in'3.2,
Chapter VI. Size of stones calculated by these two methods are shown in
Table '5-5. - 7 S S : T e




Table.SfSlCtitical Sizeﬂéaleulated by Kramer's Formula

e mee w1 e 2
R “lem) ,(cm/ S (cm) (cm)
Nagarbari A, head 7052.6 1/25400 16.496 ' 272.118 10 . 62
| A, body -5613.9 ¢ " 14,717 - 216.590° 8 45
B 4238.4 0 "0 12,788 . 163.533 . 6 31 -
| C  3682.5 " 11.920  142.086 5 26
Sirajgani = A, head 6782.0 1/18500 18.945 358.903 13 . 8L
| A, body 5386.2 . " 16.883  285.038 - 11 . 59
B 4074,9 " . 14.685  215.644 - 8 . 41
¢ 337.3 " 13309 177139 7 31
Gabargaon A, head 6895.9 '1/15000 21.226  450.543 17 101
A, body 5489.1 " 18.937 . 358.610 13 75
B 41061 " . 160375  268.141 10 51
C  3555.4 " 15.241 ° 232.288 9. 42
Bahadurabad A, head 6349.5 1/15000 20.367 = 414.815° 15 91
B A, body 5054.2. M 18,172 330.222 - 12 67
B 3768.2. " 15.690  246.176 9 - 45
: cwf ‘3122‘9j_ " 14.284 7‘204.033 S_.--d;zs

The size in Table 5 5 calculated applyed to each formula for the :
deepest river-bed As shown in the same Table, there is quite differences
_ between two groupes S : : ‘ S BN :

. One of the reasons, size by Kramer ' 8. formula is ceritical size in :
tractive state which most. stones move, whereas another size is eritical
one moving in case of the individual .Stone, Accordingly it is naturally

that there is.a differences between two, Size of stones was- ‘used in.
- G.B,-at Hardinge bridge ranges from 30 cm - 40 ¢m. From these points
of view, we adopted ranging‘from 30 - 40 cm (about 60 Kg) for type B, C,
and "adopted ranging from 60 - 100 cm (about 800 Kg), 40 - 70 cm (about o
300 Kg) at head and body for type A respectly .

_4 5, Standard Cross Section of Guide Banks

Standard cross sections of guide banks designed based on the studies
-mentioned above-are shown in Fig.5-8, in :which' the lower diagram shows a -
.Cross section of a gulde bank to be constructed 'in’the water. In this .
case, stone dikes will be first constructed ‘at both: feet and then fine- _
© sand will be filled between them. The elevation of - the top. of the stone L
" dike will be set near the mean watér level- and “the apron. will be placed e

on the existing ground surface at: ‘the foot 'f?the dike SR P
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Tahles”S 6-1 to 5T6 3 show prospective scour - depth D, -length of
apron L. and its thickness T in case guide banks are constructed on the .
- mean ground surface. o

. 5 Qtandard Cross section of Cross Dikes.

Cross dikes were- designed in accordance with the idea mentioned in
.1, Chapter III. The standard cross section is shown in Fig.5- 9 2 din
which ‘the lower diagram shows a cross section of . cross dikes to be
'constructed in- the water. ‘ : S

6 Quantities of the River Control Works.

_ Horizontal arrangements of guide banks, . cross dikes and prepara—'
. tory closing ‘'works are shown in Figs.5-10-1 to 5-10-4, and the. B
quantities of those works and the materials required are summarized in
Tables 5-7-1 to 5—7 2 and 5-8- 1 to 5-8-2,

. The quantities of materials shown in the tables contain allowances
for settlement and losses’ during the construction. The materilals of’
cross dikes given here do not contain those of. the. portion above the
design high water level and those of the approaches outside both. river
banks. Those materials of the cross dikes and -the ‘approaches outside’
the river which are not given in this report are included in the report
on bridge planning . .

7 ExecutiOn of the River Control Works.
7.1, Natural conditions at work sites‘
7. 1 1. Mateorology.

Since ‘the three meteorological stations at Bogra, Siragganj ‘and -
Faridpur are very close to the proposed bridge sites,’ meteorological =
conditions for works were studied using data on temperature and wind "
speed measured at the said stations during the period from 1960 to .
© 1972 and’ ‘those on: daily rainfall also measured at the same stations
“ during the period from 1964/65 water year to that of 1969/70.

(l) Temperature..

Fig 5-11 shows monthly mean temperature in the five years from
April 1964 to March 1969 together with the highest and the lowest
'temperatures of every month The following facts were found from
'.this figure : -

a. Difference of temperatures among the three stations.
Notwithstanding Bogra Station is 1ocated about 57 km north-
northwest and Faridpur Station is located about 92 km southnsoutheast
of Sirajganj Station, very little difference is found among the tem- .
_peratures at the three stations. . : . . S

s b Monthly mean temperature.': '

-94- s T



; : jTab1e 5 6 l Désign'Max Sdoﬁred Dépth’

:fD

(Below Average Ground Level)

- Part of L 4 p,

‘23 Si£ef* ‘ : -
R G-B. ‘Type A~ Type B

Type C

. R R LT T 1 A
' Nagarbari .’ Head © .~ '~ 66 (216.4) - 38 (124
Siraigéhj.;}
Gabargaon =~ Head 66 . (216.4) 38 (124

-Tabie 5~6§2 ‘Design téngth of Aptén t L=

Body, Tail 52 - (170.5) . 38 . (124.

Head 647 (209.8) 37 - (121,
Body, Tail 50 (163.9) 37 (121,

'Body, Tail‘ 52 (170.5) 38 (124
Head 610 (200.0) .35 - (114

ft

.6)
6)

.6)

.8)
.8)

3)
3)
.6) .

m ft.

33

33,

30
30
33

33

29
29

1.5D

(108.2)

(108.2)
L (98.4)
(98.4)
.(108.2)
(108.2)
S 955,1)
S 95.1)

- Part of . Y 15D

Siﬁe-' :
: G.B. Type A . . Type B

Type C

: . - ‘m ft SL.oom
“Head - . 99 ' (324.6) iS7 (186
Body, Tail ?8 [ (255.7) 57 (186

Head =~ 96 - (314.8) 55.5 (182
Body, Tai; 75 3 (245.9 _ 55.5 (182

Nagarbarli .
Sirajganj
Gabafgaoh : . .

Body, Tail 78  (255.7) _»57 {186

Head = 91.5 (300.0) 52.5 (172

.Bahadprabad,! Body,_Tail_'?Z (236.1)‘ 52;5 (172

fe.
.9)

.9)

.0).
.0) -
“Head ~ 99 - (324.6) = 57 (186.

9)
9

fly
1)

49
: 45

45
L 49
49,

" 43,

43.

Table 5—6—3 Thickness of Stones of Slopé,:Apfbn (T)

Soom oo fe -
49.5

(162.3)

.57 (162.3)

- (147.5)
(147.5).

.5 (162.3)

5.(162.3)
5 - (142.6)

5_.(142;5)

Permanent slope o aprom v

Prospective slope

Type . ‘Head - . -Body, Tail . -Head :  Body, Tail

.Head

Body,  Tail

A 3.5(11.5) 3(9.8) 3. 5(11 5 3(9.8)  2.34(7.7)
1 (6.6)
-](5-6) 

B3 (9.8 & 3(9.8) (9. 8)  3(9.8) 2
c 3 (9.8 3(9.8). “533 4 9.8) 3(9.8) 2

' l,ﬁQS ;;‘ff o

2(6.6)
2(6.6) -
2(6.6)
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Flg.5-10-1 Arrangement of Guide Banks, Cross, dikes and Closing Work
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 Fig:5102" Arrangement of Guide Banks, Cross dikes and Ciosing Work
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Flg.5-10 =3 Arrangement offG_uidé:Bans--, Cross dikes and Closing Work * -+~ ©
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F Ig5 IO-4 Arrangement of Guldc Bans Cross d!kes and closlng Work. 3y
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Monthly mean’ temperature is almost constant in the rainy season from
May to:September at all of the three stations ranging from 28°C to 31°C.

- The mean: temperature gradually falls after October attaining to the
lowest in January and gradually rises again after it. The monthly mean
temperature in January ranges from 17°C to 19°C. Annual difference of
mean temperature ranges from 11° C ‘to 13°C,

‘e. The highest and the lowest temperatures.

Difference between the highest and the lowest temperatures is, at-a
. .any of. the stations, minimum in July, August or September in the middle
of the rainy season and gradually increases after it attaining to the’
maximum in- February or .March, "The highest and the 1owest temperatures
“in the five years are as follows.

a

i : : o oy
Met. sta. Max. temp. (°C) Min. temp. ( Q)
B Date . Temp.. Date - - Temp.
Bogra May 3, 1966 43.4 Feb. 4, 1968 1.7
: . May 2, 1965 AR |
~ Siraigani Apr. 17, 1966 41.7 Jan. 1-2, 1965 6.7 .
~ May 3-5, 1966 _ _
Faridpur  May 1-2, 1965 41.7  TFeb. 4-5, 1968 = 6.7

(2) Wind3speed

Fig.5-12 shows the highest wind speeds and the mean values of the
highest wind speeds at the three stations by month in the five years,
According -to-this figure; no'definite- trend ‘1s seenin monthly variation
of highest wind speeds at’ any of the three stations though the wind
speed from November to February is a little lower than 'the others.

. Fig.5-13 shows monthly distribution of wind days of wind speed .
higher than 10 kt, higher than 20 kt and higher than 30 kt respectively
~on the average of the five years. ‘It is seen from this figure that.

‘number of days of wind speed exceeding 10 kt. increases toward the"
- northern part:.of the land, but there are no records higher than 10 kt
.between November and February ' '

'_(3) Rainfall

o Studies were made of annual distribution of monthly rainfall daily
rainfall -and -distribution. of rainfall days ‘by- height of daily rainfall
at the’ three 'stations in the five years from April 1964 up to March
1969

a, Monthly rainfall

‘Fig.5- 14 shows annual distribution of mean monthly rainfall, the
'maximum and the minimum monthly rainfall in the five years. Rainfall

= _i L et e u:."-.“-‘ .

--106 o
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- at every station reaches the maximum in August of September decreasing
gradually ‘before and ‘after the months ‘and- major portion of the rain-
fall is concentrated on the period from May to October. Mean annual
rainfall in the five years and ratios of the rainfall between May and
October to the annual rainfall are given in the following table.

Met, Sta. - A. Annual rainfall B. Rainfall B/A:
: . C bet. May &_Oct (%)'

_ __ (mm}) ' (mm) '

‘Bogra . 1,651.9 ©1,566.1 - .94.8
Sirajganj ©1,621.6 . 1,497.9 92,4

Faridpu - 1;426.6.. ' . 1,208.2.  91.0

b Meximum daily rainfall

Fig 5 15 shows the maximum, the minimum and the average values of
daily rainfall in the five years. The maximum daily rainfalls:at the'
three stations in the five years are as follows. o o

Met. Sta. ' Date Max. daily rainfall
o (mm)

Bogra Jul. 30, 1965 = . 171.5

Sirajgani Jul. 9, 1965 - . 172.8

Faridpur Jun. 15, 1964  152.4

' c. Number of rainfall days by daily rainfall.
Fig.5-16 shows number of rainfall days of daily rainfall more than
0.1 in, more than 0.5 in, more than 1.0 in, more than 1.5 in and 2.0 in
per day on the average of the five years. ‘Figs.5-17-1 to 5-17-3 show

number of rainfall days ‘by intensity of daily rainfall on the average
of the five years. Lo

7.1.2, Water stages.

. Water stages at the BWDB gaging stations near the four proposed
sites were shown in Figs.2-15 and 2-16 in Chapter II. Significant water
stages at Bahadurabad Station, Sirajganj Station and Kadamtali Station
were selected from.the above-and. the average values in the five years
are shOWn in the following table: : o SR

' B

-0 -
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(accordlng o daic from Aprl964 fo Mor 1969)
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Days counted from Bahadurabad St. _Sirajganj St. ‘Kadamtali St.
the highest water - “ft. PWD m, PWD ~ . ft. PWD m, PWD - ft. PWD m, PWD
stage. ' . '

| MHHWL | 64.01  19.52 45,34  13.83  25.74  7.85

‘95-day - 58.61 - 17.87 40.42. . 12.33 .. 20.86  6.36
185-day ~49.59° 15,12 30.44 = 9,28 - 11.58 3.53
275-day © 44.71  13.64  246.96 7.6 7.05 2,15

MLLWL 42.91  13.0%  22.80 6.95' 4.93  1.50

Note: MHHWL means mean highest high water level in the five years.

MLLWL means mean lowest low water level 1in the five years.

- Fig.5-18 shows annual distribution of the highest, the lowest andf_
the mean water levels in the five years at the three gaging stations,
It is seen from this figure that the maximum and the minimum water stages
occur earlier at upstream stations and, at all of the stations, the water
level reaches the highest in July or August and, going down before and’
after these months, reaches the lowest in February or March. Amplitude
of fluctuation of monthly mean water level is about' 21.5 to 23.0 ft.
The monthly highest water levels in the five 'years.at the Bahadurabad and
Sirajganj stations show scarce variation during the period from June to
October., It may be presumed that this is attibuted to the decrease of
~ the water level caused by spilling of flood water..-:' :

The amplitude of the monthly mean water 1eve1 is, at any of the -
stations, minimum in February, while it is very large in the period from
" June to October, The latter indicates a possibility that" abnormal high
water level or abnormal low water level may occur in this period.

_ Correlations were examined between the monthly mean water levels in
the Water Year 1968/69 at Bahadurabad St. and Jagannathganj St. and bet-
. ween those at Sirajganj St. and Mathura St. This indicates, as shown in- . -
'Fig.5-19, existence of very close correlations between them. :

o Since the Bahadurabad and the Sirajganj sites are located between -
Bahadurabad and Sirajganj Stations and the Sirajganj and the Nagarbari
sites are located between Sirajganj and Mathura Stations,. correlations
of water stages between the former two and the latter two sites were
obtained by interpolation of distances among them. These correlations
are ‘also shown in Fig 5-19. o . ‘ '

Using these correletion curves, monthly mean water levels at the
four sites were estimated as ‘shown in Fig.5-20., This figure-also shows
- the several significant water levels which were estimated ‘using the
correlation curves. Table 5-9 shows the estimated monthly—mean-water
: levels and the estimated significant water levels at the four sltes.
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Table 5-9 Estimated Water Level at the Four Sites

Monthly Water Level.(m,Pwn)f.t

Bahadura- - Bahadura- Gabargaon Sirajganj Sirajganj Nagarbari

Month 1.4 WL St}f‘bad‘Sité Site -~ WL St. . Site Site
Apr.. . = 14:09 13, 41 11.20 © 9.19 - 7.46 5,55
May | - 15.40 14,78 12,61 ©  9.58 8.85 6.97
June | 17.45 . 16.82 - 14.82 - 11.53  10.81  .8.96
July ' 18.84 18.29 . .16.30 - - 13.02 - 12.31- - -10.48
Avg.  18.54  17.99 16.00  13.01  12.30  10.47
sept. 18,11 17,50  15.50  12.66  11.95  10.11
Oct. . 16.67 . . 16.20.  14.00 _ _11.14  10.42 8.56
CNov.' .  14.90 14,25 12.06 9.03°  8.30 . 6.41
Dec. . 13.98 ~  13.30  11.10 7.98  7.25  5.34° .
Jan...  13.44 12.77.  10.52 7.41 6.67 4.76
Feb. ~ 13.18  12.45 10,20  7.08 6.3 442
Mar. = 13.20 12,60  10.34  7.16 - 6.42 ' 4.50

Water Level Duration .

: Days of WL Bahadurabad Gabargaon Sirajganj Nagarbari.
counted from .
- Site. . Site .. - -Site . Site
I m,PWD - m, PWD . m,FWD-  m,PWD
MAMWL - 18.94 17.10  13.14 . 11.36
'95 days S o17.24 0 15.24  11.64 9,80
185 days . 14.48" ©12.31° 8.60 6.70
275 days 12,98 . - 10.78 - 6.95 . 5,007 :
~ MLLWL. _ 12.40 10.12  6.22 4.34
Mean L ' - _ : .
ground lEVEl - 17.95. .. .. 15.93 - .. . 11,38 . 9,45

, FigrsnélkEhoﬁéhtﬁéﬁﬁététjiéveis, the grdund“levels'éhd'tﬁé'éstt-
mated river beds at the four sites and Fig.5-22 shows inland water o
1evels which were measured by BWDB during the 1970 flood
7 1.3: Favorable period for work

3 Fig 5=23 shows, with respect to. the Sirajganj site, the period
in which water level was higher than . 40 ft PWD that 1s nearly equal to-

.;t_:12q2:5;¥ ‘..‘
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- 'Fig. 5-23 Natural Condition at Sirajganj St.
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“the mean ground level at: Sirajganj Station, -days’ ‘of wind. speed higher

~ than 10 knot on the average of nine years from 1960 to 1969 and days of
rainfall more than 0.5 in/day on. the average of the period from April-

.1964 to March 1969 ‘

The period favorable for executing the construction works such as;
- guide-bank works, cross—dike works and closing works was investigated
for the Sirajganj site according to_the following conditions.____m”,_

(a) Water stage.

‘We assume that water: stage higher than the mean’ ground level is-
unfavorable for execution:of the construction works; the: period from.
June 16 to October 15 is unfavorable for the works according to Fig.
5—23 ' : .

(b) Rainfall.

~ " We- assume that days having daily rainfall more than 0, 5 in/day- or
12.7 mm/day are unfavorable for work. - Monthly mean number. of days of -
rainfall ‘more than 0 5 in/day were counted from Fig 5- 23 and are shown
below. : : :

Month Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov- - Dec
Days - 0.2 O 1.4 1.0 4.2 6.8 7.6 8.0 5.8 3, 4 0.2 0.2
(é);Hblidays_ e :
We assume_two holidaysnin“a month forrno'work;

Thus, favorable”days for work were counted at 215 days ina year :'
and the detail is shown in Table 5-10. We assumed further that this-
: period for work is also applicable to the other sites.

T

'7,23_Executionsof works and equipment. ‘

The construction area is habitually submerged during ‘every,flood

. season. Hence it is most desirable that one guide bank and related
 structures on one side are completed in-one-dry season in ‘order-to avoid
losses of construction materials and.works' due to washing- away in under-
construction portion. Therefore,‘those river control works which™ !
consist of construction of guide banks, CTOSS dikes and closing works :
must be completed in two years. - :

It is a_very important problem for-.the river control works to
extract required amount- of stones and transport them to-the-work sites as
-economically and efficiently. as. possible.;-However, 8ince the problem -

- was_not solved at_the _stage of : preliminary design, : it was assumed that
the quantity of stones required for the, .river. control works could be -

works.

_'7 2. 1 Guide banks.‘




f'tTableVSflon DavsfFavorableifor Work;f“:’

_ U e _ "DaysToff“i” - R
- Lﬁ;géhiljgbaysﬁinﬂAHigh water . Rainy days' Holidays; Total . ~;Tota1';?
. ‘y,;.._:,mQQFh . ... days. . . / . days,;“‘work.,_ﬁ
(H>MGL) (>0 5 day) w0 days
'ocgjf,ggt;tlélfﬁinj:”fisg.*;'3 Lo ‘2 a1
Nov. 730~ .0 0.2 2 -32 2 - 28
‘Dec. | 31 0 o2 2 ‘2.2 29
‘Jan, 31 0 0.2 2 2.2 29
Feb. - 28 o o0 2 2.0 26
Mar, B POf,f,'i.4;h,"_ 2 3.4 28
CApr. 30 S0 Tt 2 30 a7
May 31 0 42 2 6.2 25
June. . 0300 Gt G150 6.8 20 U19.4 010
July 31 31 7.6 2 3.0 0
avg. 31 3r 7.9 2 310
Sept. 30 - 30 ' 5.8 23000
Total 365 122 33;8 AR YR 150. 3: 215

. Structure of guide banks was already shown in 4 Chapter V »The‘
_bank ‘body. will be built with dredged sand. _For the purpose of pre~
venting dredged sand from washing away,’ polyethylene mats shall be
put between dredged sand and pitching stones. C

_ In building the portion below 1ow water level mainly in Type—A,
- stone dikes shall be built up to. the height 1.0 m: above the low water
'.level. This was considered. by reason  that banking - with dredged sand
must be started in the water and with a view to. securing stability of
bank body. - Further, in building the portion below the low; water
level, mainly in Type-A, a part of low-water channel will have to be
~ closed by stone dikes. o -

. For construction of apron, stock yards for stones. and stone
chips shall first. be’ located - near both ends of a guide :bank, and a:
. -looped (endless) one—way road connecting the two stock yards shall be
set along the apron part of the guide bank for.the. purpose . of. trans- :
porting and dumping stones. and stone chips. Therefore, we ‘shall have
-.a. two—lane road on the apron part S S hH?;_ﬁ_A}“u_h. : '

The first 1ayer of the construction road shall be made of stone

. chips 0.5 m thick overlaid on the ground surface. S In case .the first.n'

layer is underwater,_stones shall be: placed in the water up to. the

' surface and then 0.5-meter thick stone chips, shall be .overlaid. ~The
. construction road-for ‘apron’ shall be raised by 0.5 m at a time with e
T'the DrOgress of ‘apron. construction and shall be switched to new. ones* o

-ﬁirriZBF;'{ '



‘which shall be built beside the preceding ones. .

‘ Except for some special cases,'stone pitching shall be carried
‘out .on the ground <in- the following order; -(1) loading by tractor shovels,
(2) carrying by dump trucks and pitching by manpower. . On.the other:
. hand, 1in case ground work is impossible, another method of' execution
shall be taken, (1) loading by tractor shovels and dump trucks, (2)
carrying by bottom-hopper barges and (3) placing in the water from barges.
The ground work shall be applied to a part of construction where the
ground is dried up during the dry season and the underwater work shall be
"applied to a part where water depth is. enough for dump barges as seen
in case of Type-A. :

_Principal machinery required for'ground work of apron is as follows.

" Loading: 5-cub.meter wheel—type tractor shovels.
"Carrying: 32-ton heavy-duty dump trucks and 19-ton tiredozers.
. Pitching' Manpower._

Principal,machinery required for underwater work of apron is as
follows.

Loading: 5—cub meter. wheel- ~-type tractor shovels and 32—ton
heavy-duty dump trucks., :

Carrying' 1000-cub.meter bottom-hopper barges.

Pitching: Dumping by barges.

In banking the bank body, dredved sand shall be placed in blocks
which shall be formed by sheet-pile partition walls. Length of one block
shall be 500 m. Height of banking shall be 1.5 m at a time. In order
to support sheet—pile walls,: ‘éarth shall be’ moved and heaped up at the
. back ‘of the walls by swamp type bulldozers. ' :

Machinery to be used for the banking works is as follows.

4,000 PS Diesel pump dredgers.’ :
3'15 KW vibro—pile-drivers (drawer) with 20 ton crawler cranes.
125 KVA engine dynamos. ' o
i'16~ton swamp type bulldozers. o

7 2 2. Cross dikes.

Structures of ¢ross dikes was already shown in' 5, Chapter V. The
body of - the embankment will be built ‘with 'dredged sand. Faces of ‘the
slopes on both sides of the embankment -shall be protected with pitching
_stones up to a’ height not 1ower than M H H W L. o

Construction road for guide bank will ‘also” be used ‘for the con--

. struction of cross dikes. ' The method of loading, carrying and pitching
" of ‘stones and the method of - ‘banking" with' earth are all the same .as_
those in guide bank construction.. RO - R

7 2, 3 Preparatory closing works.-l- ;”ifT:f‘;;‘::

e L .
ozt -

In case there are branch’ low—water channel other than the main, :



'these shall be. closed by preparatory closing works in order to facili— :
tate the construotion works of . the cross dikes. Crown height of the
closing structure. shall be set lower than the mean ground.level:and the-
"'body of the structure shall be covered with stones.: Sheet piles shall =
. be used 'in consideration of prevention of scour ‘and facilitation of the

works : S R .

- The construction road for guide banks will also be . used for the ‘
preparatory closing works. '

, In case the ground surface of the branch' channel is above water
'level the works to be done will be as follows. :

(a) Loading and carrying of pitching stones: by 5-cub.meter wheel- -type
tractor shovels and 32 -ton heavy—duty trucks. :

(b) Driving of sheet piles by 15-KW and 37-KW vibro—pile drivers with
20-ton crawler cranes. -

(c)-Excavation and banking of sand by l6-t0n swamp—type:bulldozers.
(d) Stone pitching by manpower
: In underwater works, . sheet piles ‘shall first be drived by a a
. floating platform and then dredged -sand shall be banked ‘with a moderate -
slope of about 1:10. After shaping by swamp—type bulldozers, stones
shall be pitched.

In general cases, flow offthe'stream,to be:closed will not be so -
strong,. since the stream will be a small branCh and the closing works -

. will be done in the dry season. But, in some cases where the flow

‘ is a little stronger, it may be necessary to place some stones before
. the driving of sheet plles so as to cut or weaken the energy of flow.
- Underwater works in these cases: are as follows. o

(a) Loading and Carrying of pitching stones by 5—cub meter wheel type. o
, tractor shovels and 32 ton heavy duty dump trucks. . ‘

- (b) Driving of sheet piles by 37 ~KW vibro—pile—drivers with 20~ton

crawler cranes on a floating platform..

C(e) Dredging and . banking of sand by 4,000 PS- Diesel dump dredgers and
‘16-ton swamp—type bulldozers.

: (d)-Stone pitching by manpower.
5.7;2 4. Schedulehof construction works.~
_ Schedule of the river control works is shown in Fig 5- 24 It is

" the basic plan 'that guide banks, cross dikes; and preparatory closing:.
. works on one side of the river .shall be completed in one year “and -

:-; those on the other side shall be completed in the following year.-

: f In general, construction period in a year is limited to 'about
" seven months in_the dry season_trom November:to_May. \But”two months,

4'”7t7f12j¥;"j}:
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September and October, may be added to the above—mentioned period for
- dumping pitching Stones. from barges in places where underwater con-
struction is necessary._”,.-~ . T T

'7 2 5 Number of main machinery and quantity of fuel .
Necessary number of main machinery or’ maximum number in a day
required for execution of the works was counted in accordance with the
schedule mentioned. above and is shown in Table 5-11., - Maximum daily X
fuel consumption and- the total. quantity required for operation of the
above—mentioned machinery are- shown in: Table 5-12 ,

7.2.6. Stock yards for materials.'

In general, stock yards for materials shall be built. at two sites
up- and downstream of one guide bank in consideration ‘of convenience( o
of execution. S : : S : -

In case pitching stones must be dumped by barges as in the case of
Type-A, one additional stock yard with jetties shall be planned at a
favorable site within the range of 10 km .upstream from the construction
area of the guilde bank : :

The stock. yards mentioned here shall be- used not only for pitching
stones but 'also for- steels and ‘'other materials ‘at need. - :

7.2.7. Necessary number of persons.'

Daily maximum number of workers for stone pitching is in Table 5- -13.
The number was counted assuming that the maximum carriage distance by
~manpower is 40 m, one unit of workers consists of twenty persons, and the
units are distributed in the- pitching area as uniformly as possible. '

Personnel other than the. above workers or personnel that are .
necessary for operation of construction machinery including pump -
~ dredgers and dump barges shall comprize foremen, operators, labors
and crews. The number of those personnel is also shown in Table 5-11.

'-8 Construction Costs of the River Control Works.'

“The construction costs of river control works ‘were. estimated for
three types at every bridge site on. the following condition and are
shown in Table 5-14. . But they do not include costs of general facili-
ties such as living quarters, motor pools, fuel storage, material
storage, cargo handling facilities and electric power supply system.

(a) Unit price of. stones to be delivered at:the stock yards was esti—
mated by the Quarry Survey Team at 6 Tk/cft for Bahadurabad site,
6.3 Tk/cft for Gabargaon site, 7 Tk/cft for Sirajganj; site and i
7.4 Tk/cft for Nagarbari site based on the first-stage survey. i

: (b)'Unit prices or unit costs of materials, wage and works were’ assumed
. based- on the results of the price survey as of the end of March
-of 1974 . : O L .
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(c) Rent of main machinery was calculated based on the Rent List of
~ Construction Machinery, Ministry of Construction, Japan, 1974
‘Edition :

(d) Unit prices of heavy (regular) and light sheet piles were assumed
" at 58,000 ¥/ton ‘and 62,000 ¥/ton which were those’ in Japan as of
~ the end of March' of 1974,

Table 5- 13 Necessary Number of Workers for Stone Pitching

(unit, persons per day)

Site 'f fIyne : qui&eihank j‘Closing t»:cn:l-:_._"._(h:oss_d_’dc_cre__j

A L 6,400 620 . 650
| ' R 8,200 - 40
| L 4,400 - 280" -
Baba_durabad B R 4,600 o - . o [‘0 :
& L 73,900 T o e
| R 4,100 - &
A L 2,900 - ' 170
| R 3,000 450 730
| gl GLe 4,400 0 5 - . g0
Gabargaon .. B g 4lgoo 0 s < 3s0. .
e L 4,000 ¢ .- - gg
‘R 4,300 - R
4 L 8,300 - -
| R 4,100 350 680" .
Sirajgam} . B- g 4600 7 90 200
¢ L 3,700 -
| R 4,000 R
s L 9,100 SR e
| SRR 6,300 . .1,310 - . 710
. Yo AL 55000 - Y o= e e
Nagarbarl B - . 5,000 . . 8 .. ° . 200
c L 4,500 | - o
¢ R

4400 - s

~i132 - |



Table'S—ié Cbnsfrﬁétiohpréts‘at,Four-Sites

. Conversion rate: Tk 1 = ¥'ﬁ6w'f o . Unit: crore TK

R : Guide-bank spéﬁ i
Bridge site "~fi'“km*(mile)'”‘ 5o
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