833 _ Flood Phases

Table 8. 2 presents the model predicted flood phases, for (hb Without Project s:mulatlﬂn for the
pleeLt areas in the Lower Atrai basin. These are aiso Shown in Figure 8.6.

_ TABLE 8.2 _ _
Without project simulation flood phases
for project areas in the Lower Atrai basin

FO Fl P2 F3 +F4 .
Bogra Polder2 | 50 % | n2e | e 9%
Bogra Polder 3 | 68 % 0% 12% 10 %
BograPolderd | 39% | 8% . 14 % 39.%
Chalan Beel - | -45 % 14 %. 7% 24 %
Polder A | | |

Chalan Beel 44 % 1 4% 1 20% | 2%
:Polder'_B _ o : '
Chalan Beel | 33 % e 2 % IR
~Polder C ] o
‘Chalan Beel | 17 % 1oae 27 % 35 %
Polder D
SIRDP | 4% 10 % | 24% 42 %

These clearly indicate that the worst flooded areas lie within the backwater dominated: zone, SIRDP
and Bogra Polder 4. The flooding is also seen to be severe in Polder C; this is due to the assumption
that public cuts. would continue to occur in the future like they do at present. Deep ticoding also
occurs in Polder D. As discussed in Section 8.2, this is due to raised levels in the Shib- -Barnai and,
dgdm the assumptlon that cuts m the western embankment w:il continue to occur.

1hese tlood phase figures form a basehne measure against which proposed developments and
scenarios may be assessed.

8.4  : M():rpliol()gy
8;4,1 The Atrai river system-

Thb Atl‘dl rises in the north- west ot the region and: mma[!y ﬂows south passmo through India. A
short distance downstream of Mohadevpur it turns eastward and outtalls to the Brahmaputra through
the Hurdsagdr In the fower reaches flow in the Atrai is affected by hlgh water levels in the
' Bmhmaputrd A number of rivers such as the Little Jamuna - and the Nagor run southward parallel
to the Atrai and then enter the Atrai where it takes a more eusterly course. All these rivers carry
sediment through the Atrai system. The Fikirni sp:lts from. the Atrai at Jotebazar and carries a
significant quantity of flow and sediment. The Little Jamuna and the Nagor contribute sediment to

thr, AEl'dl
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To study the morphology of the river system the sediment transport module of MIKE11 was run for
selected years to indicate the quantlty of sedxment teansport that occurs thmughout the system.

The sedlmem transpor{ rates in the Lower Atrai system are hlgh this means that the timescale for

+ morphological change in the system is likely to be rapid, probably of the order of 20 to 50 years.

This_mear_is that any intervention which alters the sediment transport rates is likely to generate a rapid
morphological response.

Much of the sediment u)hich is transported into and through the Lower Atrai system will be deposited
in the downstream reaches of the river where the backwater intluence from the Jamuna exerts an
influence.

A study of the present regime of the system was considered by using the flow module of MIKE11
-to provide information on discharges throughout the system. Regime calculations were then carried
out to determine the regime width, depth and slope of the rivers. These regime predictions were then

compared with the observed channel cross-sections. The general agreement between the observations
and the regime. predn.tlons was good indicating that the regime theory provided a reasonable
description of thie river system. This further suggests that the present system is more o1 less in
equilibrium. Any changes in enher the magnitude or distribution of flows, or, the size and supply

~of sediment is likely to upset this dynamic equilibrium. Because of the high sediment transport rates

in the system any change to a new equilibrium is likely 0 be rapid.

Irpact af seixling Ndagaan Polder

The sedhng, of Ndogdnn poldu’ will not have any signiticant morphologu,al impact on the Atrai river
system.

Impact. of closing the Bama: pro_;ect

The closing of the Bdl‘ﬂdl project results in an increase in water level along the Shlb Bdrna: river and
in the lower reaches of the Fikirni river. By preventing runoff reaching the river it also causes a
reduction in flows in the Shib-Barnai.

The i:losing'of thé Barnai project is unlikely to affect the quantity of sediment which passes into the
Fikirni from the Atrai. The increases in water level and reductions in discharge which result from
clus’ing the Barnai project will reduce the sediment trunSporting capacity in the affected reaches.

The majority of ‘the sediment which passes mto the Fikirni is hke]y to be deposnted in the lower
reaches of this tiver and in the Shib-Barnai xmmedsateiy downstream of Bagmara. This morphological
chunge is likely to oceur over a penod of 5 to 10 years given the large quantities of sediment being
trdnspnrted

-’Ihe Middle Barzgah river system

'The morphology of the rivers in the Mtdd!e Banﬂal. basins under present conditions and wnth the
breaches in the BRE scah,d is described in Chapter 7.

The hdselme wndlt:()m for the study of the lmpaa.,t of proposed developments on river morpho!ogy

“will be taken to be those in which there are no spills. from the Brahmaputra, that is, the condition
similar to those that exntlng prlor to the deve[opmem of bfb‘dLhCS in the early 1980’s.
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Figure 8.5
Peak Dlscharge Distribution (Future Without)
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CHAPTER 9

SUB-REGIONAL MODEL -DESIGN OPTION SIMULATIONS

9.1  Selection of design years

For the purposes of assessing the relative merits of different options prlor to undertakmg the Wlth
Project model run, which would include the selected options, representative years were selected for
each pl.mnmg unit {see Figure 2.1) covered by the sub-regional model. These years represent the
closest apprommation available to'the 1 in 20, 1in 10, 1 in Sand 1 in 2 year events, averaged over
each planning unit. The procedure is summarized below, together with the list of years selected.

W:thm each plannmg unit a number of model nodes were selected to represent conditions across the
area of the unit. This ranged from 8 nodes in Pabna (Unlt 15) to 21 nodes in Atrat Right Bank (Unit
' 13) For each node the model results were analysed to determme the maximum levels exceeded in
each year for a range of durations from | day to 90 days, and the years were ranked. The rankings
. calculated tor each seiected node within the planning unit were then averaged; this information may
dltematwe]y be given as a return period for each year for each duration.

In each plannmo unit the years most closely approxsmatmo to the, four required return periods were
selected; this was based on the results for a duration of 10 days but note was taken of other
durations. -The estimated return periods of the years selected as "1 in 20 year" range from 11 years
to 39 years, but the difference in water [evel between these and the actual 20 year event would be
fairly small. For the 2 year return period there are a number of potential years in each planning unit,
The years selected are as follows:

TABLE 9.1 . |
Return periods and hydrologic years in the Planning Units

Unit 1in20 in 10 Tins bin2
§ 1988 1973 w70 | 1976
2 1987 1974 1973 1976
13 1987 1988 1970 1976
14 1088 1987 | 1970 1967
50| s | 197 1970 1967

~A total of seven years were mmaily se!ected - 1967 1970, 1973, 1974, 1976, 1987 and 1988.
Analysis of model results for the final design options will present details of these seven years and
users- will select the four yedrs c,orrespondmg to the plannm0 unit under consideration,

| For the Wuhout Project simulation the 25 years of hydrolog:cdi data were- dw:ded into five blocks

each of which consisted of 5 years. To simplify the running.of the design option simulations it would
be convenient if the sub-regional model could be run tor one or two five year blocks of hydrotogical
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years. Based on the analysis described above the 1970-74 and. 1985-89 blocks were selected for the
design option simulations of the sub-regional model. By using these blocks two of the selected design
years, 1967 and 1976, are excluded. These years have water level return periods of 1 in 2 years.
Other years within the selected five year blocks have water level return periods of | in 2 years, The
two selected five year blocks cover the same.water level return periods as the selected design years;
these blocks are appropriate for the analysis of the design options

TABLE 9.2

Estimated return periods of years selected for 0pti6n assessment

Planning Unit Number

" Year 8 2 13 14 15
1967 + * < 12 2
1970 4 3 4 4 5
1973 8 5 4 K) 3
1974 8 13 8 17 10
1976 2 2 2 * 2
1987 6 16 24 9 10
1988 1 5 8 - 21 39
Notes;
1) * represents a return period of less than 1.5 years.
2 Underlining indicates years selected as design yearé for sach planning unit.
3) The extreme va_Iu_é of 39 yeafs for unit {5 in 1988 ocecurs because it is the
year with the highest levels at each node; 39 years is the return period
allocated to the highest year in a 24-year data set. At several nodes 1988 was
~only the highest year by a matter of millimetres, so an error of only a couple
of mm’ at.two nodes in one year could have produced an estimated return
_period of about 28 years; such margins are of course well within model
_accuracy.. Hence 1 in 20 year water lévels would only be very slightly lower
than those in the "1 in 39 year" case, '
4 In unit 8:the occurrence of severe levels varied substantially over the area of

the unit, and consequently no one year represents conditions as extreme as
1 in 20 years over the unit as a whole. ‘
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'9._2' Impact of conl‘inement in Lower Atrm

Construction of polders in the Lower Atrar basm and conﬂnement of the river system in general has
been going-on for many years. As described in Chapters 5 and § the present status of the
enibankments varies from polder to polder but in general none of the embankments are fully complete
and most suffer from annual breaches and public cuts. The effect of this is allow considerable
splllage on to the flood plains adjacent to the river system and for large storage and flow areas to be
~ available which attenuate the discharge peaks paSsmg through the system. The overalt effect of these
breaches and public cuts is to réduce water levels in the Lower ‘Atrai basin.

The current srtuatlon in the Lower Atral basin can be thought of as cons1sting of t'hree' parallel
drainage paths with the central one being the Atrai. On the southern side the drainage path is across
the Chalan Beel Polders whilst on the northern side it is across the Bogra Polders and into SIRDP

: Full corxtmement in the Lower Afrai basm tefers to the compleuon of all exnsnng polder developments _
- and the embankmg of areas, as yet unplanned, along the left bank of the Atrai including Bogra Polder
~4. This represents a worst case in that it will result in the maximum rise in water levelsin the Lower
Atrai- basin.  There are alternative development scenarios, such as leaving Bogra polder 4 .
- unembanked whlch also lnvolve mgmﬁcant ccmﬁnement in the Lower Atrai basin.- :

A number of model smulatlons were carried out to mvesngate the nnpact confinement would have
on water levels in the Lower Atrai. - These simulations were carried out for the 1987 and 1988
‘monsoon seasons;’ the results are presented in Figure 9 1 and 9.2 in the form of peak water level
: proﬁles along the Atral : : :

 Full conf' nement : Thls simulation assumed full conﬁnement throughout the Lower Atrai basm

Along the Atrat river the maximum spacmg ‘between the embankments on either side of the river was
- taken to be approxlmately 500 m.  Elsewhere in the Lower Atrai basin the embankments were
assumed to be located at the river bank this resulted in embankment spacings of less tharn 300'm in
~ general.. Full confinement results in a substantial increase in peak water levels, relative to present’
.conditions, from approximately 10 km upstrearn of Baghaban to Jotebazar where the Fikirni spills
from the Atrai, Figure 9.1, Hence an increase in peak water fevels occurs over a distance of some

" 130 km. The maximum rise in peak water level is between 2 m and 3 m; this occurs in the vicinity

of Chankchmr The maximum water levels are only raised marginally in the upper reaches of the
Atrai where the flow is dominated by fluvial flow. In the lower reaches there is again only a'minor

- rise in level because of the backwater 1nﬂuence of the Brahmaputra.

'I‘uil confinement wnthout S!RDP This snmulatlon assuimed full contmement throughout the Lower
'~ Atrai basin except for the SIRDP area which was assumed to be left open. This results.in marginally
) Tower water levels in the Lower- Atrai than with full confinement, Figure 9.1. The water levels are
predicted t6 be lower as far as a short distance upstream of Astamonisha; the maximum reduction in
water level is of the order of 0.5 m. The leaving open of SIRDP allows the backwater influence of
the Brahmaputra to extend some 10 krn to lS km further upstream

' Fuil conﬁuement w:thout SIRDP and Bogra Polder 4 : This sxmulauon assumed full confinement
throughout the Lower Atrai basin except for the SIRDP area and Bogra Polder 4 which were assumed
to be left unembanked, Figure 9.1. This results in large reductions in peak water level in the Middle
Atrai compated for fully confined conditions. The maximum reduction in water level relative to fully
eonﬁned conditions is hetween 2 mand'3 m. All the rise in water level due to confinement as far
upstream as Chankchmr can be accounted for by SIRDP and Bogra Polder 4, Between Chankchonr
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and Jotebazar'approximately 50 % of the rise in water level which results from full confinement can
be attributed to Bogra Polder 4.

Full confinement without SIRDP, Bogra Polder 4 and Chalan Beel Polder C : This simulation
assutiies full confinement throughout the Lower Atrai basin except for the SIRDP area, Bogra Polder
4 and Chalan Beel Polder C which are assumed to be left unembanked, Figure 9.2, Leaving Chalan
Beel Polder C open results in a maximum reduction in peak water level of between 1m and 2m, see
Figure 9.2, between Chankchoir and Jotebazar: The rise in water level between Chankchoir and
Jotebazar which does not result from sealing Bogra Polder 4 can be attributed to the closure of Chalan
Beel Polder C. - '

. 92.5 Summary of confinement tests in the Lower Atrai basin

~ Almost alt the rise in peak water level which results from confinement in the Lower Atrai basin can
* be attributed to SIRDP, Bogra Polder 4 and Chalan Beel Poider C. . The closure of Bogra Polder 4
has the greatest single effect. 'The sealing of SIRDP results in a small rise in peak water level in the
lower reaches of the Atrai. Closure of Chalan Beel Polder C results in a further increase in water
level in the middle reaches of the Atrai. : -

It must be noted that as well as af_fectingwa'ter fevels in the Atrai river confinement will result in a
significant rise in water level in all the tributaries and distributaries of the Lower Atrai system.

9.3  The Green River with partial protection

“Thé results of the confinement tests described above indicate that confinement in the Lower Atrai is
likely to result in large rises in water level throughout most of the system. In particular the closure
of SIRDP, Bogra Polder 4 and Chalan Beel Polder C will result in large increases in water level in
different reaches on the Lower Atrai.

The large rises in water level which could result from closure of the various polders is likely to cause
-~ drainage congestion within the embanked areas. These rises in water level are also likely to increase
the potential for public cutting. Erosion of, and structural damage to, the high embankments would
also present serious maintenance problems.

Given these conditions full confinement in the Lower ‘Atrai basin is an unacceptable development
‘scenario for this area. o

The Green River concept of the Lower Atrai basin is designed to bring the river system close 10 its
original drainage conditions and hydraulic characteristics prior to the development of the area by
empoldering and embanking. The drainage paths within the Green River are taken to be similar to
. those which occur at present and are simulated in the Without project run. These drainage paths are
in pért_ due to _b_reaches_ and public cuts; the Green River formalises these as the main drainage paths.

Within the Green River 6bnc'ept_p'attial pfo’te'ctio_n is provided in areas where it is viable. The level

of protection can be selected o prevent damage to the boro crop or can be extended to present rapid

rises in water level until Iate July to atlow the establishment of a t aman crop. -

On the basis of experiences in the Lower Atrai it is clear that full confinement is not achievable in
the lower units of Bogra Polders 2 and 3, and Chaian Beel Polders A and B. The confinement tests
described in Section 9.2 illustrate that full confinement is not desirable in STRDP, Bogra Polder 4 and
Chalan Beel Polder D, CFD in Chalan Beel Polder D would result in flooding problems in the Shib
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river as a resu!t of runoff from the Barind Tract. Flow Across Chalan Beel Polder D to alleviate this -

is d&ﬂ;nrable

A ten year demgn option run was carried out with the sub- -regional model to simulate the Green River
_concept with a low level of partial protection, therkey features i in this model were,

Palder A

Polder B

Polder C

Polder D

Bogra 2

Bogra 3

Bogra 4

 SIRDP :

Sub-poidermg. CED in higher areas with 'ﬂo'..v

across the lower areas. Partial protection in

" lower areas.

Suh—poldering. "CFD in higher areas with flow
across the lower areas. Partial protection in
lower areas

Flow through the polder with higher areas sub-
poldered for CFD protection. Partial protection
of the flow area. '

Flow across central part of,polﬂef with higher

- areas sub-poldered for CFD ‘protection. Partial

protection of the flow area.

Upper part of polder CED. Flow in part adjacent

to Atrai.

Upper part of polder CFD. Flow in part adjacent

to Atrat

No development

* Upper unit CFD; this involves embankments on the
Lower Bangali right bank. Flow in part adjacent to
-Atrai. Closure of spiils from Bengali right bank.

“The c.onditior'ls_'simulated in this run are illustrated in Figure 9.3 and summarised in Table 9.3,
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TABLE 9.3

Conditions simulated in Green River concept run with pariial

protection
CFD in Flow in Partial Closure of
upper units | lower units protection in drainage
| lower units channels
Chalan Beei-P(;.lder A X h 7 " o -
Chalan Beel Polder B X X X
Chalan Beel Polder C X X X
Chalan Beel Polder D X X X
' =-"Bo'gra PoldeEZ | X X X
‘Bogra Polder 3 X X X
Bogra Poldef 4 '
SRDP.. .. X X X X

Figure 9.5 shows longitudinal profiles along the Atrai river for Without project conditions and the
~Green River with partial protection. The impact of the proposed developments is to cause a small
rise in water Ievels in the middle reaches of the Lower Atrai.

The ﬂood phaSes for three project' areas of the L0wer Atrai for the Green River with partial protection
_are presented in Table 9.4. In brackets in this table are the corresponding figures for Without project

conditions, -In areas where flow occurs the flood phases have been caleulated directly from the model
‘results. In areas of CFD the flood phases have been calculated by engineering dramage analysis.
‘This drainage analysis uses model predicted water tevels in the external rivers at the drain outfalls. -
The flood phases for the entire project area are combination of those calculated directly from model

results and those calculated by engingering drainage analysis.

In palders A and B the percentage of FO+F1 land is increased in the Green River with partial
- protection simulation relative to Without project conditions. There is minimal change in the flood
‘phases in Bogra Polder 4 since no developments are p_lanned in this area. -

TABLE 94"
Flood phases in Green River concept run
with partial protection

CFO FIL. 2 F3 + F4
Bogra Polder 4 wn | 6% ©% @5 %)
Chalan Beel Polder A | (54 %) O %) 4% . | 3%
Chalan Beel Polder B | (66 %) (7 %) 6% 0%)
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Notes: 1) Future Without ﬁgures in brackets -
b Future Without figures based on a 1:5 year level from a 25 year simulation
L 2) Green river figures based on a 1:5 year level from a 10 year simulation

9.4 ~ The Green River with partial protection and additional CED protection

~The Green River with partial protection excludes ény poldering in thé"déepest flooded areas 'a'd'jacent:
to the Atrai; the CFD embankments ‘are assumed to be at the limits of this deeply flooded zone.

- Experience has shown that poidermg in these areas is extremely difficult; part of the problem is public
cuttmg :

Wlthm the Green River concept 1t may be possible to construct embankments to polder some of these
deeply flooded areas. A 10 year design option simulation was carried out which represented the -
feasible limit of CFD within the Green River concept, the key features in this simulation were, '

- PolderA :  CED.
T '. - Polder B : CED,
- Polder C : Flow through the polder with higher areas

sub-poldered for CFD protection. Partial
'protectton of the flow area.

- Polder D : Flow - across central part of polder with

' o I-ngher areas - .sub-poldered for CFD
protection. Partial protection of the flow
area.

- Bogra2 o Upper part of polder CFD. Flow in part
o : adjacent to Atrat and partial protection.

L o Bogra3 : Upper part of polder CF D. Flow in part
- ' : adjacent to Atrai and partial protection.

s . . Bogra 4 o Upper part of polder CFD. Flow in part
' ' adjacent to Atrai.

- g SIRDP : Upper unit CFD this involves embankments '
h o ' on the Lower Bangali right bank. Flow in -
part adjacent to Atrai and partial protection.

: C!osme of spills from Bangali right bank.

'The condltlons 51mulated in thxs run are 1llustrated in Figure 9.4 and summansed in Table 9. 5
Flgure 9.6 shows longltudmal proﬁles aiong the Atrai river for Without project conditions and the

Green River with partial protection and with additional CFD areas. The.impact of the proposed
| develapments is similar to that for the Green River with part:al pratecnon
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TABLE 9.5
Conditions simulated in Green River concept run with partial
protection and additienal CFD areas

CFD in

Fiow. in

© Partial Closure of | Full CFD
upper units lower protection in drainage
units

lower units

channels

Chalan ‘Beel Polder A

Chalan Beel Polder B
Chaian_Bee_l Polder C -
Chalan Beet Polder D

Rogra Polder 2 E_ '

Bogra Polder 3

R - B R R

Bug'ra Polder 4
SIRDP

O Ioe | ae > a¢ e
><__><‘>.< >'<><><'

s

The ﬂood phases tor three proleu.t areas of the Lower Atrai with the Green River with partial'
protection-and CFD in Chalan Beel Polders A and B are presented in Table 9.6. In brackets in this
tabie are the t,orrespondmg hgures for Without project conditions. In areas where flow occurs the
tlood phases have been La!culated du'ec.tly from the model results. - In areas of CFD the flood phases
have been calculated by engmeermg drainage analysis. This drainage analysis uses model predicted
water levels in the external rivers at the drain outfalls. The tlood phases for the entire project area
. are combination of those calculated directly from model results and those calculated by engmeermg
dr: undoe dndIYSlS : '

In this case, thee has been a modest increase in the FO+FI1 land in Bogra Polder 4 due to the CFD
- areas in its upper reaches. In Polder A there is also a substantial increase in FO+F1 land due to the
CED protec.tlon Polder B, on the other hand,  has remained almost the same as the previous
~ simulation which suggests that drainage congestion accurse within the CFD area due to the high
: externdi water levels and accumulation of rain- waters in its area of low ground.
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TABLE 9.6 :
Klood phases in Green River concept run with partial
protection and additional CFD protection

FO Fi ¥ F3 + F4
Bogra Polder 4 47 %) (10%) (13%) (40%)
Chalan Beel Polder A | (711%) | (14 %) 0% 6 %)
|l Chalan Beel Polder B |- © %) K 9% | 3% 6 %)
‘Notes: 1) ' Future Without ﬁgures in brackets _
1 . Future Without figures based ona 1:5 year level fmm a2s year simulation
2y Green river figures based on a 1:5 year level from a 10 year simulation

9.5 Sumr:n'ar'v' of Lower Atrai des'ign'option simulations

The results of the two ten year design option simulations for the Lower Atrai are very similar as far -
‘as water levels are concerned; this suggests that the selection between these opnons cannot, and -
should not, be made on entirely hydlauhc grounds

As far as ﬂood phases are concerned the results with maximum CFD are better than those wnthout
In Chalan Beel Polders A and B, and Hurasagar this is because of CFD. In Bogra Polder 4 it is
because of sub-poldering which results in CFD in the upper units.

CFDi m Chalan Beel polder A and B, and Hurasagar may not be feamble since this mvolves potdenng
_deeply ﬂooded areas whuh expenence has shown to be unsuccessful. :

There is current]y no development in Bogra Polder 4; the proposed sub -poldering would be- expensive
and would only have limited benefits. The confinement impact analysis described in Section 9.2 -has
shown that conﬁnement of Bogra Polder 4 has a major impact on water levels throughout the middle

Atrai; any poldermg in this area may result in undesirable effects as tar as water levels are concerned.

The Green River concept with partlal protecnon was selected as the With pmJect condition. The Wlth
'pmject snmulatlon is descnbed in Chapter 10.

96 Bangah Fioodway

| 9. 6. 1 Descraptmn

CFD developments in the Upper Ka,ratoya basm will result in increases in discharge in thts river,
In order to avoid passing these increases in flow into the Mlddle Bangali basin where they may result

in a worsening of flood: conditions the construction of a new outfall to the Brahmaputra was
considered; this channel is referred to as the Bangah Fioodway
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962 © Residual flow

The Bangali F'loodway was designed to carry flow in excess of a predefined magnitude directly to the
Brahmaputra wrth the residual tflow bemg diverted into the Middle Bangah system

:A high rcsrdual flow would mean that the: Bangah Floodway would only funcnon ou:asronally and
-may result in both increased ﬂoodmg and morphologrcal change in the Middle Bangali basin.

A low residual flow would mean that the Bangah Ffoodway would function most of the time and
would reduce the flooding risk in the M1dd1e Bangalr basin. A low residuat flow may resuit in major
: srltatlon probiems in the rivers of the Middie Bangali system

Based ona L.onmderatlon of morphology and flooding risk in the Middle Bangali basin a residual ﬂow
of 500 m% was selected. Tt was assumed that all flow in excess of this passed along the Bangali
FloodWAy d:reetly to the Brahmaputra

-9, 6 3 Optmns consrdered

_ 1nitially two routes for the Bangali Floddway were considered; these are shown in Fi'gure 9.7. Based
- on cost of construction Route 2, the one with its outfall further upstream on the Brahmaputra, was
preterred '

Two cross-section ShdpES were Lonsuierecl tor the Bangali Floodway.

- . trapezordal which is the ‘most hydrauhc:dlly ettu.lem shape; thls involves re-
sectioning along dpproxrmately 100 km of channel.

- © o atwo stage channei This. mvolved no change to the natural low ﬂow
. channel of the Upper Karatoya river.

~Both cross-section shdpes also involved the construction of ﬂood embdnkments
.9 6. 4 lmp.u,t of B.m;,.lh Flondway on water levels in the Upper Karatoya

A MIKELl model which extended trom Siraj on the Upper Karatoya to the outtall was used 0
~ investigate the impact of the Bangalr Floodway on water levels,

A ten year model simulation trom 1980 to l989 was carried out with the two cross-section shapes
described above. Figure 9.8 shows the peak water {evels along the Bangali Floodway during 1987.

Peak water levels for 1987 are used in this figure since in'1987 tlooding problems resulted from high
river flows rather than backwater effects. Also shown on Figure 9.8 are the minimum bed fevels for
the two cross- “section shapes the trdpezmdai section shdpe results in a significant regrading of the

channel bed

in the downstream redn,hes ot the Bangah Floodway the impact of cross-section shape is rmmmai

Water levels in these reaches are dominated by backwater effects from the Brahmaputra. It should
be noted that since the Bangali Floodway opens the Upper. Karatoya to the Brahmaputra a backwater
embankment must be provided to give protection agamst 100 year return period water levels in the

' Brdhmdputra
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In the reaches which are outside the backwater effect of the Brahmapmfa the trapezoidal cross-section

fhap& results in some reduction in peak water levels but these are less than Im throughout its full
ength,

9.6.5 Morphological impact

The séd'iment transport module of MIKE11 was used to'investigate.the rhorphological impact of the
two options for the Bangali Floodway. This analysis was carried out for the 1988 hydrological year.

Trapezoidal cross-section

The total quantity of sediment transported into the Bangali Floodway at Siraj was approximately

200,000 m?; a very large percentage of this sediment transport occurred during the flood season.
Upstream of the backwater zone there was some erosion and deposition but there was no net
deposition of sediment. ' :

Within the backwater zone there was net sediment deposition. All the sediment was deposited over
a ¢hannel length of approximately 30 km. The bed width of the trapezoidal channel is approximately
80 m. Given this bed width and the length over which sediment is deposited it is estimate that the
bed level of the Bangali Floodway will rise by approximately 7 cm a year in this reach. ' '

Since the sediment _dep'ositidn occurs in the backwater zone the impact of the bed level rises on water
levels will, at least in the short term, be small.

Two stagé channel
Because the two stage channel does not alter the low channel the quantity of sediment transported into

the Bangali Floodway is reduced; the total quantity, in the 1988 hydrological year, is approximately
120,000 m’. R

Upstream of ‘the backwater zone there was some erosion and deposition but there was. no ‘net
deposition of sediment. Within the backwater zone there was net sediment deposition. All the
sediment was deposited over a channel length of approximately 25 km. The bed width of the lower
stage of the two stage channel is approximately 60 m. Given this bed width and the length over
which sediment is deposited it is estimate that the bed level of the Bangali Floodway will rise by
approximately 8 ¢cm a year in this reach. :

Since the sediment deposition oceurs i the backwater zone the impact of the bed level rises on water
levels will, at least in the short term, be small.

Summary of morphological impacts.

The quantity.of sediment deposi{ed wiﬂythe two stage channel is less than that with the tr_apézbidal
channel shape. But, the small width of the lower stage of the two stage channel means that the rate
of bed level rise is similar. ' - B

The opening of the Upper Ka:étojf_a:to'me Brahmaputra by the construction of the Bangali Floodway
creates a potential route for the Brahmaputra to flow into the internal rivers of the North West region.
Great care must be taken to reduce this risk to a minimum. The structures in the Bangali Floodway

will help to reduce this risk. Itis recommended that further detailed design studies, possibly using
physical models, are carried out to investigate this problem. _
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9.7  Middle B'angali

In Chapter 7 1t was shown that the sealing of the breaches in the BRE alleviated most of the flooding
problems in the Mld(lle Bangali basxn :

If CFD developments take place in the Upper Karatoya basin the flows into the Middle Bangali basin
are- likely to increase. If these developments are accompamed by the construction of the Bangali
ﬂoodway this will lead to a reduction of peak flows in the Middle Bangah

“Two one year desngn ()ptlon sunulatlons were carried out with the sub- reglonal model to investigate
the impact of developments in the Upper Karatoya. These simulations were carried out for 1987
smce ‘that year flooding problems resulted from high river flows rather than backwater effects.
9.7.1 Impa_ct of develnpments in the Upper Karatoya with no Bangah Floodway

Impact on disc‘harges

If the Bangah Floodway is not consteucted the impact of CFD developments in the Upper Karatoya
will be to increase the flows into the Middle Bangali basin. Figure 9.9 present the discharge
hydrographs at Mohimaganj, for 1987, with and without the developments in the Upper Kdratoya

Thie peak discharge is increased by more than 100%, from 600 to 1400m3/s by the developments in
the Upper Karatoya

Impact on waier z’eve!s
A long proﬁ!e a]ong the Bangall river is shown in Flgule 9.10. This compares peak levels along the
Bangali with and without CFD developments in the Middle Karatoya. Water levels increase

throughout the Bangali system with the greatest impact is in the more northerly reaches of the Middle
Bangali. This would lead to a sngmﬁcant worsemng of the flood situation in the Middle Bangali.

Morpholagzcai tmpact

The CFD developments in the Upper Karatoya are hkely to result in an increase in the dominant
discharge in the Middle Bangali basin. If the increase in dominant discharge is assumed to be around
20% general regime theory indicates the following,

- ' a 10% increase in channel width.
- - 8% increase in channel depth

- - a 4% reduction in the regime slope, this is likely' to result in a more
meandermg channel.

CFD developments in the Upper Karatoya without the Bangali Floodway is likely to result in the
" Middle Bangali becoming deeper, wider and more meandering.
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9.7.2 Impact of developments in the Upper Karatoya with the Bangali Floodway
~ Impact on discharges
_é{-f the Bangali Floodway is constructed the impact of CFD developments in the Upper Karatoya will
-i"be to decrease the flows into the Middle Bangali basin. The size of this decrease will depend on the
“.design of the structures in the Bangali Floodway and the residual. flow which is atlowed into the
Bangali system
The andlysas descnbed in Section 9.6 assumed that all flow in excess of 500 m’/s passes along the
Bangali Floodway to the Brahmaputra, Figure 9.11 presents the discharge hydrographs near
Mohimaganj, for 1987, assuming this residual flow. The peak discharge is decreased by
approximately {5% falling from around 600 to 500m’/s.
!_mpaét on water levels
'Wiﬁh the B.angali'ﬂ(')odwa_y in place, the teduction in peak disqhzi’rges entering the Bangali leads to a
corresponding reduction in peak levels. Water levels will therefore marginally reduced throughout
the Bangali system, see Figure 9.12. - '
-Morphological impact

The CFD-devefoprﬁents in the Upper Karatoya together with the Bangali Floddway will result in a -
decrease in the dominant discharge in the Middle Bangali basin.-

It this decrease in dominant discharge is assumed to be 50 %, the same as the decrease in peak
discharge, general regime theory indicates the following,

- 4 29% increase in channel width.
- | a24% .ihcrease in channel depth

- a 17% increase in the regime slope, this lS likely to result in a stralghter
Lhdnnel

- CFD deve]opm'ems in_the Uppr.r Karatoya together with the Bahcali Floodway is'l_ikely to result in
the Mldd!e Bdngdll becoming shallower; narrower and straighter.

B 9 7 3 M:ddie Bangali develupments for the Wl&h projett slmulalmn

_For the With plOJeLt simulation the same c.ondltmns as for the Wxthout project smmlauon were
dssumed
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Figure 9.3

iver with Partial Protection
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Figure 9.7
Bangall Floodway Routes
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CHAPTER 10
SUB-REGIONAL MODEL -WITH PROJECT SIMULATION

10.1 Description
10.1.1 Genem! :

Followmg the design option simulations a development plan for the sub reglona! model .area was
mrmuldted A With Project simulation was carried out with this development plan in place:

The With Pro;ect simulation used the hydrologncal data for the period from 1965 to 1989. The impact
of the proposed development plan was investigated by comparing the results of the With Project
simulation with the results of the Without Project simulation.

The With PrO]BLt mmuldtlon looked at the i Imdet of proposed deveiopmems wnthm the modelled area.
For the With Project simulations the same external developments, the sealing of the Brahmaputra right
embankment, as for the Without Project simulation were assumed. Naogaon Polder and the Barnal
pmjeu were assumed to be complete as was the case for the Wlthout Project s;mu[atlon

10.1.2 Proposed devélupmems

-The formulated deveiopmem plan for the Lower Atrai bdsm wnsmed of the Green Rwer with partiai
protection, the key features of this pian are,

BT Chalan ‘Beel Polder A Sub- poldenng CFD in hlgher areas with t‘low across the
lower aréas. Partial protection in lower : areds

- Chatan Béei ‘Polder B : Sub- polderinU CED in hlﬂher arcas with flow across the
“lower areas. Partial protection in lower areas

- Chalan Beel P_Oldér C_ 1 Flow through the pﬁfder'xﬁtﬁ_higher areas sub-poldered for
: 'CFD protection. Partial protection of the flow area.

- -Chdlah Beel Polder D : Flow across central part of polder with higher areas sub-
poldered tor CFD proteutmn Partial pm{ec.tlun of the flow area.

= _Bogra Poldcr 2 Uppcr part ot polder CFD Flow in pdrt d[ijdl,em 1o Atrat with
B pdrtml proteutmn '

- 'Bogrd Polder 3. ~ Upper part of pnlder CFD Flow in part adjd&.ent to Atral with
* partial protection.

- B()g,ra Polder 4. No devalopment _

- - SIRDP. Upper unit CFD; this involved embankments on the right bank of the Lowe:
Bangali. Flow in part adjacent to Atrai with partial protection. Closure of spills

from Bangali right bank. . | .
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The With Project simulation differed from the design option simulation which investigated the Green
River with partial protection. The heights of the partial protection embankments/structures were
increased to achieve the desired partial protection. The heights of these embankments/structures were
l;ased on the results of the design option simulation of the Green River with partial protection, The
impact of partial protection, which is provided by either low embankments or a long fixed crest .
structure, was to delay the rising limb of the hydrograph until late July. The partial protection
structure means that water retained in the area at the end of the flood season need to be evacuated by
suitable gated structures.

No developments are proposed for the Middie Bangali basin. -

Figui'e 10.1 presents the proposed developments in the sub-regional model area pictorially.

'10.2 Results of the With project simulation
10.2.1 Water levels

Figure 10.2 shows longitudinal profiles of peak water levels along the Atrai river for With and
- Without project conditions.. The water levels in the middle reaches of the Lower Atrai increase by
up to 1 m. This is because the partial protection embankments/structures for Chalan Bee! Polder C
are limiting the spillage in to this area and are forcing the flows to pass down the main Atrai channel.
This suggests that although the partial protection is having a beneficial impact during the rising limb
of the flood it is at the cost of raising levels in the Atrai during the peaks. '

Long profiles along the Shib-Barnai for With and Without project conditions are shown in Figure
10.3. In the lower reaches of the Shib, near its confluence with the Atrai, there is a fairly marked
increase in peak levels which is partially accounted for by the completion of the CFD embankments
_along the lower reaches of the Barnai, Polders A and B. This has a reduced impact upstream of
Bagmara whereby levels are again higher, but to a lesser degree, for the With Project conditions.

' 1022 Discharges

The maximum discharges, simulated in the With Project tun during 1987, in the main drainage

channels of the sub-regional model area are shown in Figure 10.4. 1987 discharges are used in this

' figure since in 1987 flooding problems resulted from high river flows. Also shown in Figure 10.4
- are the magnitude of the spills from the rivers, - : ;

Approximately 50% of theyflow in the Upper Shib-Barnai river passes over the partial protection
structure in the west embankment of Chalan Beel Polder D. This flow passes across the polder, spills
_into the Fikirni river and rejoins the Shib-Barnai at Bagmara. This peak flow is the same as with the

. Without project simulation but during earlier part of the flood season it shows a reduction in flow
"because of the level of partial protection and the fact that it is designed to prevent spillage in to

Chalan Beel Polder D until late July. B i .

As in the Without Project simulation approximately 30% of the flow in the Atrai passes down the
Fikirni. The water fiows into the Shib-Barnai at Bagmara and rejoins the Atrai at Chanchkoir.
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A short distance downstream of Jotebazar approximately only 0% of the remaining tlow in the Atrai-
spills into Chalan Beel Polder C through the partial protection structure. This flows passes across
the polder and rejoins the Atrai a short distance downstream of Singra. This spillage is much lower
than in the Without Project simulation because of the height of the hydraulic characteristics of the
partial protection structure, which for Chalan Beel Polder C issa fixed height weir with a relatively
short crest width. : : - -

A large discharge flows parallel to the Atrai river across the lower parts of Bogra Polders 2 and 3.
This flow continues across Bogra Polder 4, through the Taras embankinent and into the lower parts
of SIRDP. This flow is similar to that which occurs in the Without project simulation despite the fact
the upper units-of Bogra Polders 2 and 3, and SIRDP now have CFD. This implies that the upper
units of these areas were not carrying a significant volume of flow under Without project conditions.
The tlows in the lower part of the SIRDP area are however reduced as flows down the Durgadah and
the ‘other distributaries from the right-bank of the Bangali have been cut off as part of the SIRDP
developments. - [n the Bengali, downstream of where the flows down the Durgadah and Barnai have
been cut-oft, the discharge is increased whereas in the Middle Bangali peak discharges are the same
as under Without project conditions. T '

Flows and spillage across the upper parts of Chalan Beel Polders B and A is reduced by the provision-
of CFD embankments in these areas and the flow area is now restricted to the partially protected flow
areas in the lower parts.

.1.0.2.3 Flm;.d phases

The flood phases for the project areas of the sub-regional model under With project conditions are
presented in Table 10.1 and shown in Figure 10.5. In brackets in this table are the corresponding
figures for Without project conditions. In areas where tlow occurs the flood phases have been
calculated directly from the mode! results. . In areas of CFD the tlood phases have been calculated
by engineering drainage analysis, This drainage analysis uses model predicted water levels in the
external rivers at the drain outfails, The flood phases for the entire project area are combination of
those calculated directly from model results and those calculated by engineering drainage analysis.

In most of the project areas in the Lower Atrai basin the percentage of FO+F1 land is increased under -
With project conditions, This is due to the provision of CFD in the upper parts of the'._polders. It
should be noted that both CFD and partial protection can result in some drainage congestion so the
improvement refative to Without project conditions may not be as great as might be expected.

“In some project areas the percentage of FO+F1 land is decreased because of the rise in water level
in the middieé reaches of the Lower Atrai. :

_ There is minimal changé in the flood phases in Bogra Polder 4 since no developments -are planned
. in-this area.. ' ' '
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TABLE 10.1
With project simulation flood phases
for projects in the Lower Atrai

g - | . FO Fi F2 F3+T4
Bogra Polder 2 % | 13% 0% 9%
L o (50%) 22%) (19%) 9%)
Bogra Polder 3 | 67% 8% 12% 13%
S (68%) (10%) 12%) (10%)
Bogra Polder 4 9% 5% 12% 44
S o - (39%) (8%) . (14%) - (39%)
Chalan Beel Polder A | 56% 8% 14% 2%
| o @s%) | (14%) (17%) (24%)
Chalan Beel Polder B 65% ' 17% 9% 9%
- I (44%) (24%) (20%) (12%)
‘Chalan Beel Polder C | . 39% 12% 0% 29%
o _ (33%) . (14%) (22%) 31%) *
Chalan Beel Polder D 66% 13% 13% 8%
- (17%) Q1%) Q27%) (35%)
SIRDP 2% 7% 27% 39%
- | - (24%) (10%) 24%) 42%)
Middle Bangali

'10;3 Sensitivity analysis |
0. 3 1 Cohfnement‘ of lhe Upper and Middle A!rai.

Both' the magnitude and temporal dlstr:buuon of flows in the Lower Atrai will be affected by
- confinement of the Middle Atrai in India. To investigate the sensitivity of water levels in the Atrai
to these changes the discharge hydrograph at the Mohadevpur boundary was replaced by that at

Bushlrbandar a chscharge gaugmg s:te in the upper reaches of the Atral north of the Indian border

Conﬁnement of the M!ddle reaches of the Atrai results in an increase in peak water level in the upper
reaches on the Lower Atrai of about Im.  This is illustrated in Figure 10.6 which shows a
 longitudinal profile of peak levels from the period 1985-89. The maximum rise in level occurs at

Mohadevpur, . The impact of diminishes further downstream but extends to around Atrai RB/Singra.
‘There is no increase in water level downstream of this is because of backwater effects from the

Brahmaputra.
1'0 3 2 Riee in Brahmﬁputra water level
Developments external to the North West reg:on are hkely 10 have an effect on water levels in the

© Brahmaputra, A sensmwty anaiysns was carried out to investigate the impact of a rise in peak water
level of 0.6 m in the Brahmaputra; it was assumed that the minimum water level did not change.
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The increase in peak water level in the Brahmaputra results in an increase in peak water level in the
§ower reaches on the Lower Atrai since it extends the influence of the backwater effect. This is also
illustrated in Figure 10,6 “The maximum increase in water level, which is 0.5m, occurs at the
d9wnstream boundary, Baghabari. Upstream the influence of the rise in Brahmaputra levels
diminishes and is almost negligible at Singra, which is the limit of the backwater zone.

10.4 - Morphological impact
10.4.1 Lower Atrai basin

- The i:mpact= of the proposed developments on the Lower Atrai systein is to increase the sediment
movement down the Atrai. This could lead to erosion in the Mohadevpur area.

Regime calculations suggest that the increased flow down the Atrai would lead to an increase in the
- size of the channel; an increase in width of between 5 and 15% could be expe’cted. The largest
‘changes would occur in the reach from Jotebazar to Singra with the largest being in the Atrai Railway
_ bridge area where the changes could approac_:h'r:l(_)%. There would be corresponding increases in
* channel: depth of 5 to 12%. The changes would be accompanied by an ihcreased tendency to
meander, particularly in the area of Atrai railway bridge. These changes would in the long-term help
the performance of the scheme. : . L

- Reduced dischiarges in the Fikirni would lead to long-term siltation in the river. The reduced
sediment input to the Fikirni may affect the timescale of this process. A reduction in channel width
of 10 to 12% could be expected and a corrésponding reduction in depth of approximately 10%. This
would have an adverse effect on water levels in this area.

10.4.2 Lower Bangali

In the Bangali, downstream of where the flows down the Durgadah and Barnai have been cut-off, the
discharge and the sediment transport rate is increased. This increase is made greater by the
embankments constructed on the right bank of the Lower Bangali as part of the CFD for the upper
" unit of SIRDP." The‘increased will have the impact of increasing the channe! width by approximately
10% and increasing the depth by between 5 and 8%. The effect on the plan form of the river will
"be small. The increase in the size of the river channel will increase its conveyance and hence there
should be a long-term improvement in the performance of the scheme in this area. Until the increase
in channel size has taken place there will be a backwater affect upstream in the Bangali. This will,
therefore, temporarily cause deposition upstream in the Bangali. This deposition could lead to a local
increase in flood levels.

In the DUrg.ad.a:h and Barnai downstream of wh_efe they are beheaded there will be a large reduction
' in the dominant discharge; this' will result in sedimentation in these rivers. The channels of the
Durgadah and Barnai will become narrower and shallower; these channels will tend to follow a

straighter course.
10.4.3 Middle Bangali

.Th_e’discharges in tﬁ_e Middie Barigali are unchanged since there are no deve!dpmehts in the Middie
Bangali basin. There will be no ‘change in sediment transport rates and hence no morphotogical
change. o : ' '
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Figure 10.1

Future with Scenario .
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GAIBANDHA MODEL






CHAPTER i

I)EVELOPMENT AND CALIBRATION OF THE GAIBANDHA
IMPROVEMENT PROJECT MODEL

111 Introduction

This Chapter covers the development and calibration of the Galbandha Improvement Pro_lect (GIP)
model. This model covers the Gainbandha Improvement Project area togethér with flows in the rivers
Ghagot, Manas, Teesta, Alai Nadi, Karatoya, Alai Kumari, Akhira and Naleya. On the Eastem side
the model is bounded by the Jamuna

The model was callblated for the 1990 and 1991 flood seasons. Much greater emphasns was pIaced
on the latter flood season since this was the year with the best topographic and hydrologic data; most
was also known aboul the flooding regime in this year together with the location of breaches and cuts.

~ Inahydrological context 1991 was a reasonable high flood year. Additional verification of the model
was carrled out by simulating the five year period between 1985-89,

Smce the model was cahbrated against flood season water levels and flow rates it can only be used
. with confidénce to study developments under these conditions, If a study which required the
investigation of lower water levels and flow rates were required the surtabillty of the developed model
to simulate these condmons must be reassessed

Pollowmg the calibration and verlf' cation of the model it was used in the 25 year simulation run for
a future ’without’ project condmon this simulation is reported in Chapter 12.

11.2 Gambandha Improvement PmJect mode} development
The GIP model was developed hy the North West Reglonal Study modelling team.

Topographic data on the major rivers was co]lected by surveyors on the North West Regional Study.
Informanon was also collected on the 1003t101’l 31ze and sill levels of regulators within the area.

Representatlon of the ﬂoodmg regime msxde the GIP was based on mformat:on collected by memberv

“of the NWRS team during.numerous visits to the area. This information included the location of
roads and embankments which inhibit flow, the locatlon and sizes of culverts together with details of
- the flooding regime within the area. :

- The GIP model was cahbrated in lhe FAP-2 ofﬁces during May and June 1992. The results of this
calibration were passed to the NWRM modelling team at the SWMC. '

11'.3 GIP model set-up
1131 The GIP model area -
| The area covered by the GIP model includes the Gambandha Improvement Prolect area together with

the rivers Ghagot, Manas, Teesta, Alia Nadi, Karatoya, Alai Kumari, Akhira and Naleya. On the
‘Eastern side the model is bounded by the Jamuna. Figure 2.2 illustrates the extent of the GIP model

and the projeet area under consnderatlon is shown in Figure 11.1.
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The general drainage p‘attém within the area is alsoldepic_ted' ih Figure 11.1, The key fea_tufés inclu'de

spillage from the right bank of the Ghagot which passes through a low lying, depressed area before

entering the Karatoya/Alai river systems.” Spillage also occurs on the left bank upstream of
Bamandanga which enters the project area.- On the eastern side, large breaches in the Teesta Right
Embankment (TRE) enter the area during high levels in the Teesta. Internally, drainage is generally
northwest-southeast with the majority of the internal “drainage making its way towards the
Ghagot/Manas link channel and the Manas regulator. The Manas regulator can discharge flows to
the Brahmaputra when external levels otherwise the flow passess southwards through the Alai river

which connects with the Katakhali upstream of Mohimagan;.

11.3.2 The model set-up

Figure 11.2 is a schematic of the flow system represented in the GIP model. The important features
included within this model are as follows,

- the internal drainage area of Gainbandha is represented in the model by 23 flood
cells. Elevation-area relationships were developed for each of these flood cells using
spot heights from 4 inch to 1| mile maps.. This resolution was much greater than that
used-for defining elevation-area relationships in.the sub-regional model. The flood -

. cells were delineated based on information collected by NWRS staff during visits to
the area. This information included details of roads, railway embankments and other
embankments in the area which restrict free drainage. : :

- the flood cells were linked together by artificial channels which allowed flow between
adjacent flood cells.  The locations of these link channels was based on information
on drainage routes. Broad crested weirs were incorporated into the artificial channels
to control the flow of water between adjacent flood cells. As far as was possible the
size and crest level of these broad crested weirs was based on the dimensions and
invert levels of culverts. ‘ ’

- at a number of locations the internal flood cells were linked to the main rivers of the
area. : : : o

- Flow in the channels which linked the internal flood cells to the main rivers was
controlled in one of two ways; :

a) ‘where the link channel represented a breach 4 broad crested weir was used
to control the flow. The crest level of the weir was taken to be the ground
- level in the adjacent flood cell. This representation allowed flow both out of
~and into the flood cell from the main rivers. This form of representation was
used to link flood cells t0 the Ghagot to the North of Bamandanga, and also
where the Teesta Right Embankment (TRE) is breached.

b regulators were placed in the rest of the channels which linked the internal
- flood cells to the main rivers. These regulators prevented flow entering the-
- area from the main rivers and allowed flow out of the area when there was
a positive head difference between the internal water levels and the water
level in the main rivers. The dimensions of the regulators and their sill levels
were based on information collected in the field. :
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- at a point a short dlstance to the North of the Manas regulator a public cut occurs
- most years. Usuaily this cut is made after the monsoon season as the water leveis in
the Jamuna recede; the cut is made to relieve drainage congestion in the GIP area,
This public cut was represented in the model as a regulator. This regulator prevented
flow from the Jamuna into the GIP area and allowed flow out of the area when there
was a positive head dlfference of 1 m. : '

- the Manas river whrch drains the internal area of the GIP was mcluded in the model.
This river was linked to the internal flood cells along its length and connected to the
Ghagot river at downstream limit. : . .

- the Alai Kumari wh:ch drains an area on the left bank of the Ghagot, behind the TRE
- was represented in the model. The topography of this river was based on information
supplied by the SWMC '

- the G‘hagot from Jafarganj gauglng station to the Manas regulator was represented in
_the model

- the Manas regulator was represented as a regulator which prevented flow from the

' ~ Jamuna into the Ghagot. When there was a positive head difference the Manas -
regulator was assumed to be open. The dimensions and sill level of the Manas
regulator was based on mformatlon collected by NWRS staft‘

- the Teesta from Kaunia bridge to its confluence with the Jamuna at Hanpur is
represented in the model.

- the Jamuna is not explif‘itly represented in the model. Water levels in the Jamuna
form boundary conditions on the Eastern side of the modelied area.

- the Alai Nadl from whote it spills from the Ghagot to w_here it joins the Karétoya is
represented in the model.

- the Karatoya from Slraj to Mohlmaganj is represented in the model.

. the topography of the Ghagot Manas Teesta Alai Nadi and Karatoya was based on
cross-section data collected by FAP-2 surveyors. _

- the Naleya Which links__the Ghagot (o the Ka_ratoya upstream of Gainbandha town was
represented in the model. The topography of this river was based on information
supphed by the SWMC. .

- the Akhira river was represented in the model. Thls river drains the area on the right -
bank of the Ghagot; it enters the Karatoya some distance downstream of Siraj gauging
station. At its upstream end the Akhira was assumed to be finked to the Ghagot; this
‘was to allow it to collect water from the Ghagot and.transfer it to.the Karatoya. A
broad crested weir ‘was inserted in the Akhira to control the flow from the Ghagot.
' Thls weir had a crest ieve! which corresponded to the bank height of the Ghagot.

The mternal ﬂood cell delmeatrons and 1dent1ﬁers which are reterenced in dlscussmn of the model
results in later Chapters are shown in Figure 11.3. .
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11.3.3 Incorporation of flood pzlains

in the GIP model flood piams were attached to the river cross- sections at locations where
Lmhankments which prevented spillage onto the flood:plain were not present. Flood plains were not
attached to the left bank of the Ghagot or the right bank of the Teesta; the flood cells used to simulate
- flows ‘within the GIP represent these flood plams .The topography of the ﬂood plains were based on
the MPO 1 5q, km. database of levels.

The roughnes% of the ﬂood piam was taken to be twenty tlmes lhdt in the river channels to which the
tlood piam was attached.

11'.3.4 Model huundaries

_ There are 12 external boundanes in the GIP model; the schematic location of the main boundarles
" can be seen in Flgure 1.2

Dmhdrﬂes boundaries at the heads of angauged um.hments at the head of the Alai Kumari and the

“hedd of the two drainage channels which enter the north of the modelied area, were based. on

catchment area weightings of the discharges recorded at Jatarganj. ‘NAM input was not used at these

boundaries since this would rot include spillage from the Teesta the observed discharges at Jafaroanj '
include Teesta spillage.

The water levels at the downstream end of the drainage channels which enter the Jamuna between the
‘Manas regulator and Haripur were mterpoldted from the observed water levels at Manas regulator
river side and Hdrlpur_ a linear variation in water level between these two points was assumed.

li.d ' Modél calihratidn
li 4 1 Methndolog,y

'Hdvmg., set up the bdsu, structure of the model there tollows a prme:.s of provmg that it is adequdte
" 10 reproduce the system which it is intended to represent. This process is two stage, one of
calibration and thence verification, For the GIP model calibration was carried out for the 1991 flood
season and veritication for the 1990 flood season.” Further model verification was carried out for the
period from 1985-89. In the calibration exercise, the model is adjusted such that a given sét of _
_observed-values is reproduced by the model. The verification of the model follows by checking its
' performance against.an additional set of observed values which were not included in the original data
set used for calibration. It is often: ‘found that the deyiations of the model results for verification runs
~are greater than those during Lallbratlon It is ditficult to define objes.twe criteria for assessing the
quality of a ‘mode! calibration. Ot’ten the modeller must rely on his experience and subjective
judgement to decide whether or not to hait the calibration. A-further constraint on model calibration
‘is the time scale of the project and the requirement of model results by other disciplines within the
uudy There has.been no work done in the NWRS in the detinition of ohjective criteria for model
| t.ahhmtmn ddequduy purely Subjﬂhllve Judgt,ment has du.tated the progrebb of the modeilmg

Mudel Ldilbl‘d!l(}ﬂ was Larrled out for the monsoon perlod thls is the period of greatest significance
‘for the’NWRS. - The objective of calibration was to minimise difference between the modelled and
observed data during this period. It is clear from the model veritication that if the study were to be
concerned with water levels and discharges durmg the dry season, much additional work would be
requured to give sdtmautory calibration during these periods.






The main parameter which was adjusted as part of the calibration process was the roughness in the
river chaz_lnels. In all cases physically reasonable values of roughness coefficients were used. In
some cases these were either higher or lower than values which would normally be expected for the
rivers being simulated. This was probably because they were simulafing the effect of features which .
it was not possible to explicitly represent in a one dimensional hydrodynamic model such as MIKE11.

In ?rder to get reasonable water level calibration at Islampur and Mirjapur gauging stations the flood
Plains which had been attached to the right bank of the Ghagot had to be removed, With these flood
plai_ns 'att_ached there was too much flood peak attenuation between Islampur and Mirja’pur. Spills still
occur on the right bank of the Ghagot into' the Akhira and Naleya rivers via Beel areas; model
calibration showed that a significant amount of water was passing from the Ghagot into the Karatoya
through these rivers. Spills also occur on the left bank of the Ghagot to the North of Bamandanga.
These spills occur through artificial channels which link the Ghagot to the flood cells which are used
to represent the internal drainage of the GIP. :

In ordet o get reasonable water level calibration at Gainbandha town and Manas regulator country
side the flood plains which had been attached to the left and right banks of the Alai Nadi had to be -
removed. With these flood plains attached the water level variations at the two gauging stations was
less than that observed. The removal of these flood plains was reasonable since a railway
embankment restricts the flood plain width on the right bank of the Alai Nadi and the Sonail
embankment restricts the flood plain width on the left bank of the Alai Nadi. '

11.4.2 Model results
Water level and discharge hy{!régfaphs

Results of the model calibration are presented in this section; these results are for the 1991 monsoon
season, Where observations were not available for 1991 calibration resuits for 1990 are presented.
Minor adjustments were made to the model based on the results for 1990." Given this situation the
calibration data set was effectively extended to include both 1991 and 1990; 1990 could rot really be
referred to as a verification year since data for this year was used, at least partially, during the
calibration. The period from 1985 to 1989 was used for model verification; the results of this is
described in Section 11.5. ' : ' ”

~ Jafarganj (Figure 11.4) : Jafarganj is on the Ghagot river, it is a discharge boundary station for the
GIP model. A comparison of the simulated and observed water levels, for 1991, at Jafarganj is .
shown in Figure 11.4. With the exception of the peak water level which occurs in September the -
‘model produces a good simulation of peak water levels. The:September peak water level is under
‘estimated by approximately 0.7 m. The model tends to over estimate the lower water level by up to
‘1 m. The model produces a good simulation of the recessions which occur atter each water level

: _peak. : o h

Isiampur (Figure 11.5) : Islampur is on the Ghagot river a short distanice upstream of the confluence
with the Alai Kumari. A comparison of the simulated and observed water levels, for 1991, at this
station is shown in Figure 11.5. With the exception of the water level peak which occurs in mid-
June, which is over predicted by approximately 0.5 m, the model produces a good simulation of peak
water levels. The model tends to over estimate lower water levels by approximately 0.5 m. The
model produces a good simulation of the recessions which occur after each water level peak.

A connb:arison between the obéervéd and simalated discharges at Islampur for the 1991 monsoon
season showed that the model under estimates the discharge peak in mid-September and slightly over
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estimates the dischdrge peak in mid-June. For the remainder of the monsoon season the agreement
beiween the observed and simutated dnchdrges is extremely good

Mu‘,;apur (Figure 11.6) : erjdpur is one lhe Ghagot river in the \ncmlty of Bamandanga A
comparison of the snmulated and observed water levels, for 1991, at Mirjapur is Shown in Figure
11.6. With the exception of the water level peak which occurs in mid-June, which is over predicted
by dpproxlmately 0.5 m, the model produces a good simulation of peak water levels. The model -
tends to over estimate lower water levels by approxmmteiy 0.5 m. The model produces a good
simulation of the recessions which occur after each water fevel peak.

Gdinhundhd (Figure 11.7) : Gdinbandhé\ is on the Ghagot river a short distance upstream of the Alai -
Nadi offtake. A comparison of the simulated and observed water levels, for 1991, at this station is
shown in Figure 11.7. With one exception the agreement between the simulated and- ‘observed water
level hydrographs is extremely good. In late August the maodel predicts a water level trough
approximatety 10 days earlier than it occurred. The operation of the Minas regulator has a
considerable influence on the water levels at this location. The discrepancy in the timing of the water
level trough may be a resuit of:operation of the Mdnd% regulator in a ditferent manner to that which
the model assumes.

Mm.xs rq,u!.lmr umntry side (Figure 11.8) : The obser ved water levels at this location are taken
from a gauge a short distance upstream of the Manas regulator. Immedmte!y downs.tredm of the
Mdnas regulator there is a water level boundary condition in the model.

A co.mpanson ot the s:mu!ated and observ_ed water levels,- for 1991, at this location is shown in
Figure 11.8." The agreement between the observed and simulated water level hydrographs at this
jocation is extremely good: The model shows a tendency, during the latter part of the tlood season,
to simulate water level recessions which are quicker than those which actualty occur. ‘This may be
due to operation of the Manas regulator in a different manner to that which the model assumes. The
operatmn of the Manas re"uiator to maintain a pond of water for irrigation would produce this effect.

Manas rq,ui.jtur ﬂuw (Fig,ure 11.9 and Figure ll 10) : Figure 11.9 shows the observed water
levels of gauges on the countryside and river side of the Manas regulator. In the model, when the
head difference is positive (countryside hngher) the Manas regulator is assumed to open, otherwise
 the regulator remains closed; Adopting this operating policy it can be seen clearly from Figures 11.9
and Figure 11,10 that the permds when the regulator discharges to the Brahmaputra have been
accurately reproduued and this gwes confidence in the upemm policy adopted at Manas regulator.

Figure 11. IO shows the model predicted flow through the Manas reguldtor throughout the 1991
calibration period. Zero flow indicates that conditions in the model are such that the Manas regulator
would be closed; this occurs when the water level in the Brahmaputra on the downstredm side of the
regulator is higher than the water level in the Ghagot on the upstream side of the regulator. Figure
'11.10"indicates that the Manas regulator would only have bheen ¢losed for a total of approximately 6-8
“weeks during the simulated period. For the remainder of the flood season water was discharged from
the Ghdgothanas into the Brahmaputra through the regulator.

Kaunm (F'g,ure . ll) Kauma is louated on the river Teesta, it is a dmharge boundary statlon for
the GIP model. - A Lompdrlson of the simulated and observed water levels, for 1990, at Kaunia is
shown in Figure 11.11. Up until early June the model over estimates the water levels. For the
~remainder of the nionsoon season the agreement between the simulated and observed water level

' hydrog,ldphs is extremely good.
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QIlakrahimptnr (Figure 11.12 and Figure 11.13) : Chakrahimpur is on the Karatoya river a short
distance upstream of the confluence with the Alai Nadi. A comparison of the simulated and observed
water levels, for 1990, at this location is shown in Figure 11.12, In the early part of the flood season
the model predicts the observed water levels extremely welt. Later in the monsoon season the model

shows a tendency to under estimate the water levels. The model simulates the discharge peak in mid-
October extremely well.

Figure 11.13 shows a comparison between the observed and simulated discharge hydrographs at
Chakrahimpur for the 1990 monsoon season. Throughout the monsoon season the model significantly
under predicts the discharges. This is surprising since, as described above, the model, on the whole,
predicts the water levels at this location well. This suggests that the rating at Chokrohimpur may be
suspect. : ' o

Mohimaganj (Figure 11.14) : Mohimaganj is on the Karatoya river, it is the downstream water level
boundacy Tocation for the GIP model. A comparison between the observed and simulated discharges
at Mohimaganj for the 1991 monsoon season is presented in Figure 11.11. The simulated and
observed discharge hydrographs exhibit similar phasing. The model accurately predicts the first '
discharge peak in mid-June. For the remainder of the monsoon season the model over estimates the
discharges at Mohimaganj. The model under estimates the mid-September discharge peak,

Depth"bf flooding

_Figure 11.15 is a plan which indicates the depth of flooding within each flood cell of the GIP model
based on peak water levels predicted by the model in 1991. It should be noted that these these area
the maximum depth of flooding within each flood cell based on minimum elevations derived from the
area/elevation curves. The lowest points in the area/elevation curves are often 1 t0 Zm below the
general ground elevation. Therefore, in many of the areas the average flood depth within the cell is
likely to be much lower than indicated by these figures.

The deepest flooding occurs in the following areas:

- the Manas basin which forms the southern part of the GIP area
- the area behind the breaches in the Teesta right embankment (TRE)
- the area adjacent to the Brahmaputra right embankment (BRE)}

In general, the depth of flooding decreases with distance away from these areas of maximum flood
depth. .- ' .

There is no quantitative in_fo‘rmat'i_on on the depth of flooding within the GIP area. The distribution
of flooded depths presented in Figure 11.15 agrees well with the qualitative information collected on
flooding during the extensive field surveys and public participation exercises carried out as part of
the North West Regional Study. :

. 11.4.3 Summary of model calibration results

" Taken as a whole the agreement between the simulated and observed water level and discharge
“hydrographs is good. The model calibration has conce_r;trat_ed on fitting obse;‘ved_ water levels. This
is reflected in the fact that the agreement between the observed and simulated water leyel hydrographs
is, in general, better than the agreement between the observed. ‘and simulate.d c_hscharges. Th.e
~ agreement between the sinulated and observed discharge are sufficiently good to indicate that the split
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of flows between the dafferent rivers in the Gainbandha Improvement Project model area is S!meatt’«d
reasonably in the model,

The greatest discrepancy between the simulated and observed water levels occurs in the upper reaches .
of the Ghagot river. At these locations the model tends to over estimate the lower water levels which
occur during the monsoon season. This may be due to a poor rating curve being used to derive the
discharges at this location thereby over-predicting the discharge at high levels. This would also be
supported by the fact that the calibration for low flows also shows some discrepancies.

The model prjodict'éd distribution of flooded depths internal to the area agrees well with the qualitative
information collected on flooding during the extensive field surveys and public participation exercises
carried out as part of the North West Regional Study.

The catibration results are, in general, within the guidelines given by the Flood Action Plan Model
Coordmatmg Committee (FAPMCC) for pre~feas1b11|ty modelling. These guidelines are,

L peak water levels are matched to w1thm 0.5 m.
- peak discharges are matched to with 25 %.

The cahbratlon results and the correlatxon between field information and depth of floodmg give
confidence that the mode! is suitable for undertaking simulations to investigate the impact of proposed
developments:m the area covered by the Gainbandha Improvement Project.

11.5 .Comparisoo with 1985-89 observations

Because of temporal changes in flow routes whnch are not represented in the model no direct
~ comparison should be made between the model results and observations for the period 1985-89.
However, the dominant drainage patterns are similar from one year to the next although the
magnitude of ﬂows along different’ dramage routes will vary

Comparlsons between modelled and observed water 1evels and dlscharges at key locations for the
period [985- 89 were, in general, also found to.give an acceptable correlation with the observed
results. "This gives further conﬁdence that the model is suitable for undertaking 51mulat10ns for the
fuli 25 year penod from 1964-89.
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Figure 111
Drainage Patterns in GIP Area

LEGEND

Metalied Read

Smalt Rivar
Aaiway
Froject Bounaary

Structurgs

Drafnaga Routes

Kamarianl

Mzanos
L~ Raguiator







_ Flgure : 11.2
Schematic of GIP Model

JAFARGANY

esiy

e —— e e e crenne Jae s i s m

LEGEND
Maln River Channals: ——
‘Drainage Houtes: —_

. Dlscharge _Boundary t D

Rating Boundary: . 3K
NAM. N

Water Level Boundary : O

i

CUANSITISH GLDAY | awa0

ey

FRE00

25,400

MANAS REG.

Y

25200

MOHIMAGANJ

T ans







o L Figure 11.3
LOCATION OF FLOOD CELLS
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 CHAPTER 12

GAIBANDHA WITHOUT PROJECT SIMULATION
12.1 Deseri'ptinn
l2.l.i General

Once the Galbandd Improvement Pro;ect (GIP) model had heen «.dllbrdted and lel(ldted a 25 year
Without PI‘OJBCl simulation ‘was carried out.. This assumed that the BRE was sealed and that no
breaching or public cuts took place along the BRE. This is a only Sil},ht variation from the present
situation as it is known that public cuts take place a short distance upstream of the Manas regulator.
This area is cut to facilitate r‘]pl(l drainage from the area due to the insufticient Ldpauty of the Minas
reguiator.

This simulation 'was for a 25 year period and used the hydrological data from 1965 to 1989. The
objective of the model wads to produce data on water fevel and discharge variations over a period of
25 hydrological years with the BRE sealed. This information would form the baseline data for
investigating the impact of developments proposed as part of the NWRS.

The objective was not to simulated observed water level and discharge variations over the 25 year
periOd from 1965‘ to 1989.

2. i 2 Bnund.nry umd:tmm

In order to carry out a 25 year model stmulatlons 25 years of hydrological ddtd are requared at the
boundaries. This information was not available at afl boundary stations. - At discharge boundaries
where water level, but not discharge data, was available for the required duration rating equations
were used to generate the requnred hydrological information. Where necessary, NAM inputs were
used at. minor Lhannei boundaries and also as rainfall-funoft inputs to the internal cells. At all
boundary stations conmsteney checking and some infilling was carried out to obtain a gomplete
dataset,

: At'the'downstream' water level boundaries on the Brahmaputra the results of FA P-25 Run 6 were used
“to provide the 25 year time series of water levels.

12.2 . Results of Without Project simulation

Water levels

Hydrologu,ai andlysns was carried outon the 25 year tlme series of water 1evel3 at key points within

the GIP area. - The resuits of the Without Project simulation were analysed on a 10 day basis to give

minimum, mean and mdx:mum watet levels for each decade. In addition, return period water fevels

were calculated for 2,5, 10, 20, 50 and 100 years. These were used as buseline mtormatlon on
- which to assess the lmpaets of proposed developments

Figure 12.4 shows a longttudmdl prohle ot maximum fevels dtonu the Ghiigot river for 1987, which
was approximately a 1:20 year event in the GIP area. ‘This demonstrates. eledrly the problems which
are associated with the Manas regulator. Levels in the Ghagot exceed those in the Brahmaputra due
to drainage c.onge%tmn at the regulator site. The e‘lpduty of the regulator is insufficient dnd a
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bacl_ci(i&up_ of drainage waters oceurs at the upstream face of the regulator. This is why the BRE is
cut just upstream of the regulator; to give additional drainage relief to this area.

The figure also shows the joint backwater influence of the regulator and high levels in the
Brahmaputra, . ‘

Discharges :

The maximum’ dischétges, simulated in the Without Project run during 1987, in the main dréinage
channgls of the GIP area ave shown in Figure 12.2. Also shown in this figure area the magnitude of
the spills from the Ghagot and through the breaches in the Teesta right embankment.

Spills on the right bankiof the Ghagot travel through minor channels (Akhira aﬁd Naleya) or as
overland flow through a depressed area in to the Middle Karatoya basin. It is estimated that some
300m*/s is transferred from the Ghagot to the Karatoya basin.

Tl}_e'r_'e is also spilling on the left bank of the Ghagot, 150m/s, which directly enters the project area.
Another major contributor to flows within the project area is the large breach in the TRE downstream
of Kaunia, over 400m®/s. S

Downstream of Gaibanda much of the Ghagot flow passes down the Alai Nadi; the remaining flow
passes through the Manas regulator to the Brahmaputra, when external levels allow. The Alai Nadi
flows southwards joining the Karatoya a short distarice upstream of Mohimaganj.

Despite the complex internal network of roads and minor embankments, the prominent flow in the
internal drainage channels of the GIP area is from north to south; this means that the water which
spills through the breaches in the Teesta right embankment eventually reaches the Manas basin in the
south of the GIP area. It is this southern area of the GIP that suffers greatest from drainage
congestion due to the backwater influence from the Brahmaputra. -As shown in Chapter 11 itis in -
this area that the deepest and most prolonged flooding occurs. '

. Flood Phases

As déScribed in Cha;ﬁtet 11 the ihte_rhal area of the Gaibanda Improvement Projeci was divided into
22 flood cells for modelling:purposes. “In addition the floodplain area at the tail of the Ghagot river
was attached to the river cross-section. '

Area/elevation curves, together Wit_:h'thé five year refurn period water levels calculated from the 25
year Without Project simulation, were used to calculate the flood phases for each of these 23 areas.
The results of this analysis is presented in Figure 12.3 and Figure 12.4, Figure 12.3 shows the
percentage of FO+F1 land for each of the cells. “This method of representation was used since as far
as agricultural productivity is concerned the percentage of FO+F1 land is critical.

-Throﬁghout most of the GIP area almost all of the land falls into the FO+F1 category. The area for
" which this is not true is in the south-gast which suffers from drainage congestion due to high water
levels in the Brahmaputra and insufficient sizing of the present Manas regulator; in this part of the

GIP area less than 50 % of the land falls into the FO+F1 category. -

The ir'npac't- 6f:3pillage through breaches in the TRE can be seen in the cells adjacent to the Teesta
river. The percentage of FO+F1 land is lower here than in the remaining parts of the Northern

‘Compartment of the GIP. “Even in these areas, there is more than 90 % FO+F1 land indicating that
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