the spiltage through the TRE does not have a major imbact on the potential for agricultural
productivity.

“In the cells adjacent to the Brahmaputra and the lower reat.hes of the Ghagot the percentage of
FO-+F1 land is also reduced; this reflects the problems of drainage congestion-when water levels in

the external civers are h:gh This dramage conge%tmn can only be pdrtldtly countered. by the’
1ncre¢ﬁmg of regulator ventdge

thh the very unportant exception of the south- eastern part the flood phdses analysis suggests that
_ ﬂoudmg is not-a major restriction of agricultural productivity in the GIP area. Sudden surges of
water through ‘breaches and public cuts' will however result in serious’ problems of crop and
mttd%tructure damage.

12.3  Morphology
12.3.1 The Teesta river

The river Teestd forms the northern buundary of the GIP ‘model area; it is a major braided river
draining from India into the Brdhmdputra It is characterised by relatively steep slopes and hlgh
sedimeént foads. :

High tlood levels in the Brahmaputra can cause a backwater effect in the lower reaches of the Teesta.
This is likely to lead to sediment deposition in these areas. The occurrence of chars in these areas
~ is consistent with sediment depns;tlon

AndlySIS of hlst()rlt, qurvey dd[d indicates that there has been a ueneml trend of movement of the rwer
to the South-West. - The cause of this movement is not clear. A study of the topography of the area,
pdl‘tlt.uldi‘ly along the right bank of the river, indicates that there are no effective natural constraints
to prevent further movement to the South-West. . If this movement continues then the frequency of
breaching of the present Teesta right embankment will increase and any further embankments or

structures constructed along the right bank will be threatened by erosion. Further development of the
TRE must address the issue of tiver training as well as the construction of an embankment to prevent
: mgres‘; of tlood waters

" The l(Jt.'atiOn' of the meuth of the Teesta is strongly influenced by channel movement within the
Brahmaputra, - Over the past 30 yedrs the mt)uth has had a general movement in a South-Westerly
dlret,tt(m -

Andlysts of hlstorlt, ddta reveah that the current t,hannel pdttern ot the river Teesta and the evolution
“of this pattern is similar to that found by FAP- [ in-their study of the morphology of the Brahmaputra.
‘There appear to be a sequence of locations along the river where the anabranches come together to

' torm a more or less single.channel. These locatlons appear to be fixed in space and the river at these
points is re!atwely stable. Between these tixed points the river divides into a number of anabranehes
each of which-has-a sinuous form. These areas are ehdrdutensed by a large belt width and a highly
variable phm form. The fixed locations or nodes are located at Belka, Kaunia, upstream of Kaunia
and Purba” Chll’ldﬂdl Between-these locations the belt width of the river is approximately 10 km.
“Where the anabranchés have a sinuous form the waveléngth is of the order of 5 or 6 km or more: If
. there were to be a dramatic change of course of the Teestd Lll.lt. for example, 1o a mdj()l‘ earthquake

it is likely to take place at one of the nodes.
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_At present spills occur from the right bank of the Teesta; these spills =c"ontribute water and sediment
to the Ghagot and Upper Karatoya river systems. The magnitude of these spills is small in
comparison with the discharge of the Teesta. ' B

’ljhe_’l‘eesta Drainage Project is presently under construction. The barrage confines the width of the
river ;l?ut as the selected site corresponds with one of the stable nodes of the river it is unlikely to have
a significant impact on the plan form of the river. As the storage at the barrage is retatively small
In comparison with the discharge of the river it is not expected to have a significant impact on the
overall morphology of the Teesta. There may, however, be local impacts confined to the
neighbourhood of the structure.

The time for morphological re—adjust'meht in the river Teesta is likely to be 20 to 50 years.

12.3.2 The Ghagot river
The Ghagot river forms the western and southern bouﬁdary’ of the GIP érea. '

“"The river rises close to the right bank of the Teesta and then flows south-east towards the
Brahmaputra which it enters through the Manas regulator. Flow which does not pass through the
regulator flows south through the Alai’ Nadi river into the Bangali river system, The principle
tributary of the Ghagot is the Alai Kumari, which also rises close to the Teesta right bank.

A comparison, for the 1991 flood season, of the water level hydrographs at Jafarganj on the Ghagot
and Kaunia on the Teesta indicate that while the low flows in the Ghagoi appear to be independent
of those in the Teesta the high flows correspond to flood peaks in the Teesta, Figure 12.5. This
suggests that during high flows in the Teesta significant spills take place into the Ghagot. There is
also evidence to suggest that spill flows from the Teesta enter the Alai Kumari and thence the Ghagot.

The opinion has been expressed during the NWRS public participation exercises that the bed level of
the Ghagot is rising with time. The evidence given to support this was lower water depths and drying
out of the river bed during the dry season, This is more likely to be indicative of lower discharges
during the dry season. It has been suggested that sediment should be removed from the bed of the
river to restore earlier bed levels and to provide greater conveyance. :

To invéstigate this the wa’;é_r level records at Jafarganj, Islampur and Gaibanda were examined. ) The
lowest water levels for each season were plotted through time. It is likely that these changes in Tow
water level reflect changes in bed level. Care must be taken, however, since low water levels will
also be influenced by pumping for irrigation purposes. Low water level readings will also be affected
if the gauge site is moved; it is known that in some areas water level readings are taken at the nearest
point to the gauge site at which water is found,

At Jafarganj low water levels were available from '1977. These sho_:wed a progressive rise until 1987
of approximately 0.5 m, that is approximately 0.05 m per year. In 1988 and 19‘89 the levels fell by
apprbxima_teiy 0.2 m. The reduction in 1988 is likely to be caused by the flood discharge of that year
causing scour locally in the neighbourhood of the gauging site. _

The low water levels at Islampur from 1965 and at Gaibanda from 1960 do not exhibit any discernible
trend. This suggests that there has not been a significant change in bed level at these locations over -

this period.
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: All the Iocauons show a reduetlon in level between 1987 and 1989 of approximately 0.2 m at
Jatarganj and Isiampur and 0.5 m at Gaibanda. - This reduction is likely to be due to scour in the
neighbourhood of the gauging station caused by the high flows.

The data suggests that net:deposition is takmg place in the J dtdrganj region, It does not indicate any
_Slgmﬁmnt bed level changes in the region of Islampur and Gaibanda. This was supported dumng field
visits when no ewdence of mgmttcant deposmon at these locations was found.

Usmg the output from the GIP model to prowde mtormdnun on flow velocities, depths and water
_surface slopes, sediment transport calculations were pertormed at various locations along the Ghagot
river. The Ackers and White sediment transport theory was used to predict the movement of the non-
cohesive sediment. The cumulative sediment transport rate during the 1985 flood season was
-~ determined. This year was selected since the tlows have a return period of 2to 5 years; these are
the domlndm flows as tdr as the determination of Lh..mnel geometry is concerned.

The results indiedted thdt substantial qu’antities of sediment were transporte;!_ at Jatarganj but that at
lsldmpur the amount transported was significantly less. A simitar calculation indicated that transport
immediztely upstredm of the Alai Kumari contluence was-less than that at Istampur. Immediately
downstream of the Alai Kumari confluence, however, the sediment transport rate was significant.
“Calculations showed that at Mirajpur the sediment transport rate had reduced, while at Gaibanda the
sediment: trdnsport rate was neg!lg,lhle

" This pattern of sedtmem movement is consistent with spills from’ the Teesta mtroduung large
quantities of sediment into the Ghagot which is deposlted in the reach lmmedldtely ‘downstream of
Jafarganj. The difference in calculated transport at Jafarganj and Islampur is s,onsastent ‘with the
.inferred bed level rise at Jatarganj of approximately 0.05 m per year.. The low sediment transport
at Islampur suggests littie opportunity for bed level change, which is consistent with the inferred
stability of bed levels. The calculations immediately upstream and downstream ot the contluence with
the Alai Kumari suggest that this tributary brings significant quantities of sediment into the Ghagot.
The reduction i in the Guantity of transported sediment from this confluence to Gdlbdl’lda sugeests.that
this sediment inflow is deposited in this reach of the river. The low sediment transport at Gaibanda
implies little upportumty for bed fevel change which is consistent wnth the observed low water Ievel
behaviour.

The pdttern is thus of spill tlows from the Teesta into the Ghavut bringing in sediment which is then
deposited in the reach of the river downstream. The present rate of aceretion in the reach at Jafarganj
would appear to be of the order of 0.05 m per year. The rate of accretion in the reach at Mirajpur
_is likely to be comparable though the amount deposited per year will depend upon the guantity of
spills rrom the Teesta.

| Durmg field visits ev1dem,e of sed:mentatlon was obsérved - in the reach of the Alai Kumari
lmmedlately upstream of the confluence. This would seem to be caused by backwater effects from
the Ghagot which reduce the tlow velocities and increase the depth of flow and so cause sediment

depmlnnn

.‘ The ()Vt..l‘d" reyme ehar.u.terlsms of the Ghagot river was mvestlgated The measured flows together
with the MIKE11 flow calculations suggest a dominant discharge of approximately 200 mY/s. If a
sediment size of 0.2 mm and a sediment concentration of 200 ppm are assumed the regime conditions
t.orrev.pondmu to thls data give a eh.mnel of w:dth 44m, depth 4.5m dnd slnpe of 0.00009
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The valley, or stratght line, slope of the river is approx:mately 0.00019, Thls would suggest a
sinuosity of approximately 2.1, The observed sinuosity is likewise 2.1. The régime theory,
therefore provides an adequate descrlpnon of the current plan form of the Ghagot river.

I‘he plan form of the river as taken from 1991 SPOT i images was compared with topographic maps
originally prepared in the 1970%s. A study was made of the number of meander cut-offs that had
occurred in this period and the number of new meander loops that had developed The number of
cut-offs (10) exceeded 31gn1ﬁcantly the number of new meander loops (2). - This suggests that during
this period the smuosny of the river had reduced leading to a reduction in the overall length of the
river. ' This change in plan form would be consistent with a reduction in the dominant discharge of
the river. This could have been caused by the construction in the late 1960’s of the Teesta Right
Embankment. By reducing the spillage from the Teéesta into the Ghagot this ‘would have had the
- effect of reducing the flows in the river and hence the dominant discharge. Predominantly, but not
exclusively, the cut-offs occur downstream of the confluence with the Alai Kumari. * This might
suggest that the construction of the present Teesta Right Embankment has reduced flows in the Alai
Kuman more than in the Ghagot upstreain. :

It has been repoﬁed that since approxlmately' 1985 the s'piils through' the Teesta Right Embankment
have increased. If this is happening then increases in the ﬂow are llkely to cause further changes in
the Ghagot river system -

Cdtis notlceable that very llttle change in plan form has taken place in the reach 1mmed;ately upstream
of Gaibanda. The results of the flow and sediment transport_ calculatlons suggest that this area is
affected by backwater effects from the Brahmaputra and the Manas regulator and so the reduced
veloc:ties reduce the likellh()()d of plan form change.

The tlme for morphological re—ad_]ustment in the Ghagot and Alal Kumari rivers is likely to be less
than 20 years.
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Long profile on Ghagot (1987)
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CHAPTER 13
GAIBANDHA MODEL DESIGN OPTION SIMULATIONS

13.1 Seleclicn of des'ign years

-For the purposes of assassmg the relatlve merits of dlftt,rent options prlor to the With’ iject model
run, which will include the selected options, representative years have been’ selected for the GIP area.
For the purposes of this analysis the GIP area was sub-divided into four sub-areas; these sub-areas
are known as A, B,Cand D, as they go from north to south. The selected years represent the closest
approximation available to the 1 in 20, 1in 10, 1 in 5 and 1 in 2 year events, averaged over each part
of the GIP area. The procedure is summarized below, together with the list of years selected.’

Within each ot the GIP area a number of model nodes were selected to represent conditions across
the area of the unit. Thls ranged from 7 nodes in sub-area C to 12 nodes in sub -area D.

Fm‘ cach. node the model results were anatysed to. determme the maximum ievels exueeded in each
year for a range of durations from 1 day to 90-days, and the years were ranked. The rankings
calculated for each sefected node within the pldnmng unit were then averaged; this information may
'dlterndtively he ﬁwen as a return period for each year for each duration.

For each sub -area the years most closely dpprOXiMdth to the four required return perlods were
selected; this was based on the results for a duration of 10 (ldys but note was' taken of other
.duratmns_ The estimated return periods of the years selected as "1 in 20 year” range from I3 years
to 39 years, but the difference in water level between these and the actual 20 year event would be
tairly small. For the 2 year retuin period there are a number of potential years in each sub-area.
The years.selected are given in Table 13.1 below.

: TABLE 13. l
Seletted design years for the sub-areas

Sub-area - 1in20 lini0 - lins =~ lin2
A 1988 1987 . - 1985 198t

B 1988 1987 io8s | . 1981
c 1987 1988 1985 1981
D 1987 - 1988 1985 : 1981

| [l’!lt]dl dESlgn opnons were only mvestigdted for two yedrs 1985 and 1987.. 1985 has a return period
of 1in 5 years throughout the GIP area. The retum period for 1987 is between | in 10'and 1 in 29

years throughout the GIP area.
The tinal deswn optmns were dnalysed by carrying out a ten year model slmuhntmn which LOVETEd '

A1l the selected design years. For the Without PmJeLt simulation the 25 years of hydro!ogu,dl data
were divided into five blocks each of which wns:sted ut 5 yuus To s:mplity the running of the final -
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design option’simulations it would be convenient if the GIP model could be run for two five year

blacks of hydrological years. Based on the analysis described above the 1980-84 and 1985-89 blocks
were selected for the design option simulations of the GIP model.

TABLE 13.2

Estimated return periods of years selected for option assessment

GIP sub-area
- Year _
A B C D
- 1981 2 2 2 2
1985 3 S 4 4
1987 1 10 13 39
1988 22 16 . 13 13

- Notes : Uhder’lining indicates years selected as design years for each piannihg unit.

13.2  Initial design options
13.2.1 chripéion

The initial options were conceived with the main features of the GIP area in mind. The GIP is
bounded to the north and east by embankments on the major tivers and these were key features in the
- planning for the area. Embankments are also being constructed along the left bank of the Ghagot
which may protect the project area itself but which may be disadvantaging people living on the right
bank. Manas regulator has insufficient capacity; having initially been designed to drain only the
Manas river catchment whereas the Manas/Ghagot link now greatly increases the drainage flows.
- Furthermore, the Manas regulator is itself under severe attack from erosion and may not survive for
more than a few years. The excess drainage which cannot be handied by the Manas regulator flows
down the Alai Nadi. Areas on the right bank of the Alai suffer badly from river spillage and drainage
congestion. : B -

' _'Considering these, ‘and many other factors, a set of initial design options were investigated. These
are described below and summarised in Table 13.3.

‘Option A:  Removal of current Manas regulator
‘Option B : ~ - Sealing of the TRE upstfeam of Kaunia
~Option C:  Sealing of the TRE downstream of Kaunia

| .Option D: - Sealing of the TRE both upstream and downstream of Kaunia

13.2






Option E

' 'Extension of the Ghagot left embankment from Bamandanga to the Alai Kumari

confluence. Construction of a regulator on the Ghagot immediately upstream of the
Manas confluence. - Embankment on the right bank of the Ghagot from Gaibandha
to the Alai Nadi spill.

 TABLE 13.3

| Option G:

Optibn. H:
OptiOn'I :

Optioni :

Summary of initial Gaibandha design options
) B|c|D|E G|=H 1M

__Removal of Manas 1x
regulator

Sealing TRE upstream X X X X
Sealing TRE downstream X | X X X
‘Extension of Ghagot ieft X XX 1X
embankment _ : ‘
Regulatdf on Ghag_bt X X

-upstream of Manas u

Ghagot right embankment X X | X X
- Galbandha to Alai Nadl -

'Ghagot nght embankment X X
- Jafarganj to Alai Nadi '
‘Regulator at tail of Manas X
: Regutator at. head of Alat X
“Nadi- -

Ba'ckwa_ter e_mba_nkment _ X X
~on Ghagot right bank
-.Optieﬁ F: Extens:on of tne Ghagot left embankment from Bamandanga to the Alai Kuman

confluence. Construction of a regulator on the Ghagot immediately upstream of the

" Manas confluence. Embankment on the right bank of the Ghagot from Jafarganj to
~ the Alai Nadi spﬂl :

o Removal of current Manas. reguiator Construction of regulators at the tail of the

Manas and the head of the Alai Nadi. Extension of the Ghagot left embankment from
Bamandanga to the Alai Kumari confluence Embankment on the rlght bank of the
Ghagot from Jafargan] to the Alai Nadi spm _

Opuon E w1th the TRE sealed both upstream and downstream of Kauma

.Optlon F with the TRE sealed both upstream and downstream of Kauma

.Optlon G Wlth the TRE sealed both upstream and downstream of Kauma
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Option K : Option H with the current Manas regulator removed. Construction of a new
: regulator at the tail of the Manas river.

Option L ; Optlon K with an embankment on the right bank of the Gh'xgot from ] afarganj to the
Alai Nadl spill. o :

opf_ion M:  Option L without the regulator on the Ghagot lmmedlately upstream of the Manas
confluence.

Model simulations were . carried out for each of these deSIgn options for two hydrologlcak years 1985
and 198’7 . 1985 has a return perlod of 1 in 5 years throughout the GIP area. ‘The return period for
1987 is between 1 in 10 and 1 in 39 years throughout the GIP area. The results of each of these
simulations were compared thh the Without Project simulation ‘

for the same year.

Schematlc dnagrams for each of the initial options are shown in Figures 13.1 to 13.4. These figures
also show the impact that the initial design options have on peak discharges. This presents the peak .
discharges with the design option in place together with the peak discharge for the Without project
simulation. The impacts on peak levels in the Ghagot river are also shown in Figures 13.5 to 13.8.

13.2.2 Discussion of results

Design o'ption A : It is predicted that the Manas regulator will be carried away by severe erosion in
the Brahmaputra. This design option investigates the impact of this happening.

Removal of the current Manas regulator results in a reduction in peak water levels in the downstream
reaches of the Ghagot and the Manas river of up to 0.8 m. Since the removal of the current Manas
regulator effectively creates a breach in the BRE there is a need to provide a backwater embankment
to prevent spillage due to high water levels in the Brahmaputra Since this is effectively a major river
embankment the backwater embankment needs to provide protection against 100 year return period -
water fevels in the Brahmaputra, the proposed backwater embankment would extend to upstream of
Gaxbandha town :

- In the absence of the Manas regulator water can pass from the Brahmaputra into the Ghagot when
water levels in the Brahmaputra are higher than those in the Ghagot. - This flow would have been a
peak of 250 m%/s in 1987. 'This flow from the Brahmaputra must pass down the Alai Nadi worsening
 the flooding and drainage problem along this river. The capacnty of the Alai Nadl is less than 100

m*/s due to a very gentle slope.

Des:gn ophon B: Sealmg of the breaches in the TRE upstream of Kaunia has a large impact on water
Jevels in the Ghagot river. Peak water levels are reduced by 1.5 m in the upstream reaches of the
Ghagot. In the lower reaches of the Ghagot the reduction in water level is less because backwater
effects from the Brahmaputra exert an influence. Figure 13.5 presents a longitudinal profile along -
- the Ghagot for the Without Project simulation and with the breaches in the TRE upstream of Kaunia

sealed

The' peak drscharge in the Ghagot is reduced by 210 m*s as a result of sealing the TRE breaches
upstream of Kaunia. The spills on both the left and right banks of the Ghagot are reduced but, not
eliminated by the sealmg of the TRE breaches upstream of Kaunia.
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Design option C : Peak discharges of the order of 500 m¥s enter the GIP area through breaches in
the TRE downstream of Kaunia. This flow passes down the internal drainage system of the area.
The sealing of the TRE breaches downstream of Kaunia eliminates this flow and results in a reduction
in the water level in the internal drainage channels of up to 0.6 m.

The sealing of the TRE breaches downstream of Kaunia has no impact on peak water levels in the
Ghagot river. : _

Design option D : The impact of design option D is a combination of those for design options B and
C which are described above. U

Design option E : Embanking of the Ghagot river on the left bank from Bamandanga to the Alai

Kumari combined with the regulator on the Ghagot immediately upstream of the Manas confluence

results in increases in water level in the Ghagot of up to 0.5 m relative to the Without project

conditions. Water levels are increased as far upstream as Islampur. The water level increase in the

- Ghagot is partly due to the confinement which results from the extension of the left embankment as
far as the Alai Kumari confluence. '

Design option F : The construction of a Ghagot right embankment from Jafarganj to Gaibandha town
further confines the river. It results in peak water levels which are 1 m higher than those for design
option E. Figure 13.6 presents longitudinal peak water level profiles along the Ghagot river for the
Without project simulation and design option F. :

Design optimi G : Design option G reduces watef levels in the reach between the Ghagot outfall and
Gaibandha town. Peak water levels upstream of Gaibandha town are increased by up to 1.2 m
relative to Without project conditions. -

Design option H ; This is design option E with the TRE sealed both upstream and downstream of
‘Kaunia. The sealing of the TRE breaches more than counters the impact of confinement caused by
the construction of the left embankment extension. Peak water levels in the Ghagot are decreased by
up to 1.5 m; the g:eaté_ast impact is in the upstream reaches of the Ghagot, Further downstream the
water level decrease in the Ghagot is smalier than in design options B and D because of the confining
effect of the extension to the left embankment. T

Design option I'; This is design option F with the TRE sealed both upstream and downstream of
Kaunia. - The sealing of the TRE breaches more than counters the impact of confinement caused by -
the construction of the left embankment extension and the Ghagot right embankment. Peak water
levels in the Ghagot are decreased by up to 1.5 m; the greatest impact is in the upstream reaches of
the Ghagot. Further downstream the water level decrease in the Ghagot is smaller than in design
options B and D because of the confining effect of the extension to the left embankment and the right
embankment. Figure 13.7 presents longitudinal peak water level profiles for the Ghagot for Without
‘project conditions and design options Fand I.

D&ig.n ebtioﬁ J 7: This is .design option G with the TRE scaled both‘upstréam and downstream of
Kaunia. The results of this design option are effectively identical to those from design option I.

De’sign option K : This is design option H with the existing Manas regulator removed. It is predicted
that this regulator will be carried away. by severe erosion in the Brahmaputra. Up.str.eam of the

regulator which is immediately upstream of the Manas.confluence the water levels are s_m’nlar to those
~ in design option H, that is, water levels in the Ghagot are reduced by up to 1.5 m with the greatest
" reductions in the upstream reaches. Downstream of the Manas confluence there is a reduction in
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watelr level of up t0 0.8 m, relative to Wlthout project conditions, as a result of removing the Manas
regu ator. .

Desngn option L : This is des;gn optlon K w1th the Ghagot right embankment from Jafarganj to
- Gaibandha town. The results upstream of the regulator immediately upstream of the Manas
confluence are similar to those of design optlon I, that is, water levels in the Ghagot are reduced by -
up to 1.5 m with the greatest reductions in the upstream reaches. Downstream of the Manas
confluence there is a reduction in water level of up to 0. 8 m, relative to Without project condmons
as a result of removing the Manas regulator.

Design ophon M: For demgn opt:on L most of the ﬂood dlscharge from the Ghagot is diverted down
the Alai Nadi. These flows are significantly greater than the capacity of this river. They are likely
to result in flooding problems on the right bank of the Alai Nadi worse than those which currently
occur. 'lo_ alleviate this problem design option M was carried out, this'is the same as design option
L but with the regulator on the Ghagot upstream of the Manas confluence removed, The removal of-
the regulator only reduces the peak flow in the Alai Nadi by 'a small amount. Peak water levels in
the Ghagot and Alai Nadi are very similar for design options L and M.

13.2.3 Summary of initial design option simulations
‘Based on the_design 'opti'ons.des_cribea above it can be.c'onc:luded that,

- :sea!ing of the'T RE opstreom and downstream of Kaunia improve the internal flooding
- conditions in the GIP by reducing water levels in the Ghagot and also reducing inflow
dlscharge into the GIP area.

- the reductions in water level in the Ghagot which results from sealing the TRE does
not prevent splilage from the Ghagot into the GIP area; an extension of the left
embankment from Bamandanga to the Alai Kuman confluence is requlred to achleve'
this.

- the proposed Ghagot rlght embankment reduces splllage in the nght bank but
increases water levels in the Ghagot which caused greater drainage congestion in the
GIP area. The Ghagot right embankment has no benefits for the GIP area. Since the
Manas regulator is removed a backwater embankment is required to prevent spillage
on the Ghagot rlght bank due to high water fevels i in the Brahmaputra.

- a reguiator at the tali of the Manas is required to prevent mﬂow from the
'Brahmaputra into the Manas basin,

- a regulator at the head of the A!az Nadi is required to prevent an unacceptable
increase in discharge in this river.

~ A scheme whlch mc!uded these features formed the basis for the refined design options. These were
run for the 10 year simulations in order to assess more thoroughiy their performance against a wide:

range of hydraul:c condmons
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13.3  Refined design option simulations

13.3.1 Design ()p(iﬂﬂ& im:festiguled

The following ten year deSign options simulations were carried out with the GIP model,

Option N :

Option O -

Option P :

Removai of Lurrent Mdl’ldb revuldtor ‘Backwater embdnkmem o ptevent splilage on
the Ghdgot right bank when Brdhmdputrd levels are high. Sealing of the TRE
upstream and downstream of Kaunia. Extension of the Ghagot left embankment from
Bamandanga to Jatarganj. Regulator at the tail of the Manas and head of the Alai
Nadi. '

Option N with  compartmentalisation in the GIP area. Compartmentalisation
eliminates cross drainage basin water transfers.

Option N with the regulator at the tail of the Manas removed.

13.3.2 Results of un’:ilys'e_s

Mude! mmu]dtmns were carried out tor edLh of these deswn options for two five year blocks, 1980 -84
and 1985-89. The results of each of these simulations were LOR\pded with the Without Project
mmuldtion for the same period:

Figore 13.9 presents a'schématic representation of each of these design options. Table 13.4
summarises each’ of the options. The impact that the design option has on peak discharges in the
system is shown schematically in Figure 13.9. This presents the peak discharges with the design
option in place together with the peak discharge for the Without project simulation.

 TABLE 13.4
Summ.u'y of re!‘ned Gaibandha destgn optmns
Option N Option O Option P

Removal ot Manas regulator ) X ' X | X
: Sed]mU of TRE upstream of Kduma ' X X X
: Sedimﬂ ot 'I‘RE downstream of Kaunia X X X
Extcns:on ot C‘ hd“OI left embankment X X X
Reouldtor at tail of Manas X X
.;Reﬁulator at head of Alai Nadi - X X X
Backwater embankment on Gh: agot right X X X
~bank :

.Cumpzirtmlentaliéatiqﬁ : X
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The results of the ten year design options are presented by comparing the flood phases with the design
option in place with those for the Without Project simulation. Figures presenting these comparisons
show the percentage of FO+F1 land for each of the GIP area mode! cells. The flood phase results
for the GIP area are summarised in Table 13.5.

Design option N : The flood phases for the Without project simulation ‘and design option N are.

- presented in Figure 13.10. Throughout the northern two-thirds of the GIP area the pattern is one of
no change or a reduction in the area of deeper flooded land. The conditions in the areas adjacent to
the TRE are significantly improved by the sealing of the TRE breaches downstream of Kaunia. In
fhe southern parts of the GIP area, to the north of the Ghagot rivér the percentage of FO+F1 land
is lower for design option N than under the Without Project conditions. At the Ghagot outfall the
percentage of FO-+F1 land is significantly increased by the proposed developments.

Wh-en the flood phases for the entire GIP area are conSidered the conditions Without project and with
design option N are very similar. ' '

TABLE 13.5
Flood phases for the GIP area for refined design
option simulations

_ FO . Fl : F2 F3+TF4
Without project 78 % 14 % 6% 2%
Option N - 9% 13 % 7% 1 %
Option O | 4% | 1% 4 % 1%
Option P | % | 10% 4% i %

Design option O .: This is design option N with internal compartmentalisation in the GIP area.
Compartmentalisation isolates drainage basins by eliminating cross basin water transfers.

The flood phases for the Without project simulation and design option O are presented in Figure
- 13.11. The pattern is one of improved conditions throughout almost the entire GIP area. The greatest
changes occur in the Manas basin where the percentage of FO+F1 land is significantly increased. -
The reason for this is that compartmentalisation reduces the north to south flow of water in the GIP

area and thus reduces the quantity of water which enters the Manas basin.

‘In some of the cells which are adjacent to the outfalls of the internal drains the conditions are made
~ slightly -worse: by compartmentalisation. The reason for this is that compartmentalisation eliminates
 southward flow out of these cells; drainage congestion caused by high water levels in the external
" rivers leads to the reduction in FO+F1 land. : '

' If the entire GIP area is considered the flood phases for design option O are an improvement on those
for Without project conditions. ' :

Design option P : This is design option N with the regulator at the tail of the Manas river removed.
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Elal 2ﬂoocl phases for the Without project simulation and design ()ptIOIl P are presented in Figure

For this deSlgn option the percentage of F0+I‘1 land is either the same or greater in each of the GIP
-area flood celis than it is under Wltllout prOJect conditions.

If the entire GIP area is cons:dered the flood phases for design option P are better than those under
Without project conditions and very similar to those for design option O.
13.33 Summary of ref‘ ned d%ngn optsons s;muiatmns
_ Design option O and P result in greater areas of FO and Fl land than either the thhout pro_]ect :
_condltio_ns or design option N In design option P the percentage of FO+F1 land either remains the
'~ same or is increased in each of the flood cells in the GIP area. In design option O the percentage of
FO+F1 is increased significantly in the southern parts of the area but in the areas near-the outfalls
of th_e draihage channels the percentage of FO+FI land is decreased. If the GIP area is considered
as a whole the percentage of FO+F1 land is the same for design options O and P.
Design option P involves 'lez'wmg the Manas river ﬁnregulated This creates a potential path for the
‘Brahmaputra to enter the Manas basin; it effectively creates a breach in the BRE. This solutlon is
felt to be unacceptable from a flood protection point of view.

Design option O was selected for the With pl‘O_]eCt simulation; the key features of this design dptien
. are,

- Sealing of the Teesta right embankment both upstream and downstream of Kaunia,
- Removal of the Manas regulator.
- ‘I‘h’e_constfﬁction of a new regulator at the outfall _o'f'the Manas to the Ghagot.

- . 'The construction of a backwater embankment along the Ghagot upstream of its
conﬂuence with the Brahmaputra

- Constructlon of a regulator at the head of the Alai Nadi.

- An extension of the Ghagot left embankment upstream from-Bamandanga as far as
: the Alai Kumari conﬂuence

- Compartmentallsauon w1thm the GIP area.
' In addmon to these featurcs the capacny of regulators in the GIP was increased for the With project

simulation in an attempt to alleviate drainage congestlon A meander cut-off in the vicinity of
Galbandha town was also included to reduce bank erosion and flooding problems
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Figure 13.1  DISCHARGE DISTRIBUTION FOR OPTIONS A TO D
UNDER PRESENT DRAINAGE CONDITION
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Figure 13.2  DISCHARGE DISTRIBUTION FOR OPTIONS ETOJ
UNDER PRESENT DRAINAGE CONDITION (1/2)
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Figure 13.3  DISCHARGE DISTRIBUTION FOR OPTIONS E TO J
o UNDER PRESENT DRAINAGE CONDITION (2/2)
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Figurc 13.4  DISCHARGEDISTRIBUTION FOR OPTIONS K TO M
UNDER PRESENT DRAINAGE CONDITION
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Long profile on Ghagot (1987)
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Long profile on Ghagot (1 98“7)
Options H, land J

Stage (mPWD}

20+

15

l:a;-..ﬂ,...g.-.-g....*
s
SIAMP UL ailcurati A

.:b‘*_...,g,..ﬁ_‘. )
Mirjapur A . :
. 5,..‘,...‘,*_*‘_.*“‘ .

Gaibandh@

-20

Figure 13.7

0 20

40

60 80 100 120 140 BraByapuEd
Chainage {km) . :

.| —=— Present —+—OptH —*— Optl
—&— OptJ

e Min level

Long profile along Ghagot - Options I to J

Long proﬂle on Ghagot (1 987)
Options J, L and M .

Stage (mPWD)
~ ;
<

O na o
201 Bamandangﬁ,* N
| Sadut’?ﬁﬂéngha Al x,
15 .Brahmaputra A,_
: . : Mohimaganj
0 o 50 100 - 150 200 250 200 -
Chainage (km)

Figure 13.8

~m— Present —— Optd = —%— OptlL .
e OptM = Min level

Long profileal'on;g Ghagot - Options JtoM






Figure 13.9  DISCHARGE DISTRIBUTION FOR OPTIONS N TO Q
UNDER PRESENT DRAINAGE CONDITION (2/2)
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Flgure 13.10

Flood Phase Analysis - Option N
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- Figure 13.11
Flood Phase Analysis - Option O
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Figure 13.12

F-’lood Phase Analysis - Optlon P_
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CHAPTER 14

GAIBANDHA WITH PROJECT SIMULATION

14.3 Descrip'fién '

14.1.1 General

Following the initial and refined design option simulations a development plan for the GIP area was'
formulated. A With Project simulation was carried out with this development plan in place.

' Tl‘le With Pfojeét-simulation used the hydrological data for the period from 1965 to 1=989. 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 Project simutation looked at the impact of proposed developments within 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.

14.1.2 'Pt'op'osec.l developments

The formulated plan for the GIP area consisted of the following features,

Sealing of the Teesta right embankment both upstream and downstream of Kaunia.

Removal of the Manas regulator. The Manas regulator is located at a site of active

_ bank erosion by the Brahmaputra; it is likely to be destroyed in the near future.

Constructing a new (farger) regulator at this site would be extremely expensive
because of the need for extensive river training works on the Brahmaputra.

Thé construction of a new regulator at the outfall of the Manas to the Ghagot.

The cons_trubtian of a backwater en1bénktnént along the.Ghagbf upstream of its
confluence with the Brahmaputra. ‘This embankment would effectively be an

" extension of the BRE providing protection against 100 year return period water levels

in the Brahmaputra.

Construction of a reguiator at the head of the Alai Nadi. This regulator would

~ prevent everything other than a sweetening flow passing down the Alai Nadi.

An extension of the Ghagot left embankment upstream from Bamandahga as far as

the Alai Kumari conflugnce. This embankment would provide protection against 20
year return period water levels in the Ghagot. :

..CompartmentaliSat_ion within the GIP area. _The GIP area can be divided into a
- humber of drainage basins which, under present conditions, are likely by cross basin
- drainage paths. Compartmentalisation involves isolation of these internal drainage

basis by cutting off the cross basin drainage paths. '

Increasing regulator capacity. It is known that, at present, some of the regulators .

within the GIP area are under sized. The de_vel'op_ment plan includes increasing
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.régtllator ventage. ‘The regulators have been designed to allow the drainage of
impounded water within two weeks whenever external water levels allow.

- A meander cut-off in the vicinity of Gaibandha town. This will move the main
channel of the Ghagot some distance to the north of the town and reduce the
problems of bank erosion and flooding from the Ghagot.

Figure 14.1 presents the proposed developments in the GIP aréa schematically.
14,2  Results of With Project simulation
Water levels

Figure 14.2 shows a long profile along the Ghagot river for a typical higher flow year, 1987. The
impact of the with project simulation is to reduce peak water levels by over a metre throughout almost
the entire reach.  This impact is dominantly due to the sealing of the Teesta right embankment -
upstream ‘of Kaunia and thereby preventing Teesta water contributing to those in the Ghagot. The-
overall hydrograph shapes in the upper and middle reaches of the Ghagot also showed a much less
peaky form after the sealing of the TRE. ' ' '

Figure 14.2 also illustrates the impact on water levels in the Alai Nadi of constructing a regulator at
the head of this river. The construction of this regulator has no significant impact on water levels
in_the Ghagot since at the.point where the Alai Nadi spills from the Ghagot water levels are
determined by backwater effects from the Brahmaputra. With the regulator in place, water levels are
reduced by about 2m at the former confluence between the Ghagot and Alai. Near the confluence
- with the Karatoya water levels are not changed since at this location the backwater effect from the
Karatoya dominates, The Alai Nadi regulator would effectively remove problems of spillage on its
right bank and allow the rainfall-runoff from the surrounding area to drain more freety down the Alai.

The operation of the new Manas regulator is shown in Figure 14.3 for the 1988 flood season. The
drainage capacity is seen to be sufficient as the regulator allows rapid drainage to return internal
levels to those of the external, Brahmaputra, in a relatively short time span. The figure also
demonstrates how the internal levels can be alleviated from the Brahmaputra spilling in to the area
during high stages. .

| Dikchm‘ges

The maximum discharges, simulated in the With Project run ducing 1987, in the main drainage
channels of the GIP area are shown in Figure 14.4, Also shown in Figure 14.9 are the magnitude
of the spills from the rivers. The figures in bracket represent the corresponding discharges from the

Without Project area.

' The p'éak dischargas. in the Ghagot, Alai Kumari and the drainage channels which enter the north of
" the GIP area are significantly reduced by the sealing of the TRE. This reduction in flow is reflected

 throughout the Ghagot river system, The peak discharge in the Alai Nadi is also greatly reduced by
‘the construction of the regulator at the head of this river. : ;

The elimination of cross basin water transfers by compartmentalisation results in an increase in flows

in the internal drainage channels. “These channels discharge into the Teesta and Brahmaputra; the

flow can only pass to the external rivers when the_water'l_ev_e_ls in these rivers is lower than in the

internal drainage channels. - ' -
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Flood phases

Figure 14.5 presents the areal distribution flood phases for the With Project GIP model simulations.
This figure shows the percentage of FO+F1 tand for each of the model celis. ‘This full flood phase
distribution is shown in Figure 14.6." Figure 14.7 shows the difference in FO-+F1 land for each cell
between the With and Without project simulations. '

The proposed _developmeﬁts have resulted in a significant improvement in the situation in the southern
parts of the GIP area. The With project simulation shows an increase in the percentage of FO+F1
1and in this area in excess of SO %. Elsewhere in the GIP area the proposed developments have had
a limited impact on the flood phases. This is not totally surprising since the predicted pefcentage of
FO+TF1 land in these areas was already extremely high.

The one éxception 1o this general rule is in the eastern part of the area where the drainage channels
outfall to the main rivers. Despite the sealing of the breaches in the TRE and BRE the percentage
~of FO+F1 land in these areas has reduced: ‘The reason ‘for this is that the coastruction of the
compartmentalisation embankments have prevented flow out of these cells to the south. High water
levels in the external rivers, result in the impounding of water in these areas and a reduction in the
percentage of FO+F1 land. The benefit of eliminating the southerly flow from these cells has been

* the increase in the FO+F1 _'_land"i_n' the southern paris of the GIP area which is mentioned above.

Even'in the areas where the proposed developments have resuited in a decrease in the percentage of
FO+F1 land this tand stifl forms more than 90 % of the total land area.

14.3  Sensitivity analysis

‘The sensitivity of the resuits presented above to different components of the proposed developments
and also to external factors was assessed using a number of 10 year model simulations.

\ Campamnerdafﬁation

This simulation assumed that cross basin transfers of water between the internal drainage basins of

- the GIP area could still occur. The results are presented in Figure 14.8.

' The'major impact is a decrease, ‘rela‘ti\.re to the With project simulation, in the p_eréen_tage of FO+F1
land in the southern parts of the GIP area. This occurs because water ftom the north_ern part of the
area drains southward and results in an increase in flood depth and drainage congestion in this area.

In the eastern part of the area where the drainage channels outfall to the extecrnal rivers the percentage
" of FO+F1 land increases. This is because without compartmentalisation water from these areas can
~drain to the south thereby reducing the local flood depths.

Extension of the Ghagot left embankment

This simu_lratior.l assumed that the extension of the Ghagot left embankment from Bamandanga to the
confluence with the Alai Kumari is not constructed. The results are presented. in Figure 14.9.

_ 'The'irﬁpact I_dn peak water levels in the G_hag'ot_i's minimal even for the high flow conditions that
* oceurred in 1987. - Analysis'of the flood phases for this scenario also indicated minimal change in the
-FOI-I'-fl'"land" evén at the locations immediately behind the proposed extension to the Ghagot left

embankment.
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Sealing of TRE downstrean of Kaunia

This simulation assumes that the TRE downstream of Kaunia remains open. The sealing of the TRE
upstream of Kaunia is assumed to be complete. The results are presented in Figure 14,10 in terms
of changes in the FO4f1 flood phases. : '

The impact of not sealing the TRE downstream of Kaunia on flood phases is relatively minor. In the
arcas adjacent to the Teesta the percentage of FO-+F1 land is decreased slightly but throughout the
majority of the region the flooding patterns remain unaltered. An area adjacent to the TRE is also
§hown to have a beneficial impact. This suggests that the regulator ventage at the outfall of this cell
is likely to undersized and impeded drainage is occurring due to the high external levels.

Rise in Brahmaputra water level

Developments external to the GIP area are likely to have an effect on water levels in the Brahmaputra.
It was estimated that the combined impact of the proposed Brahmaputra left embankment and the
Jamuna bridge will be a rise in peak water level at the Ghagot outfall by less than 10 cm. It is not
felt that a rise in water level of this magnitude will have a significant impact on the conditions in the
GIP area. T '

A sens'itivity_analysis, however, was carried out to investigate the impact of a rise in peak water level
of 0.5 m in the Brahmaputra in the vicinity of the GIP area; it was assumed that the low water level
did not change. : :

A long profile along the Ghagot river. is presented in Figure 14.11. A rise in 0.5m in the
Brahmaputra:level will result in a rise of a similar order of magnitude throughout most of the
backwater dominated zone. This stretches back some 70km trom the outfall location. The overall
influence will extend mid-way between Sadullapur and Bamandanga.

14.4 Morph’blogi_cal Tmpact _ .

.14.4.1 Im_p.act of seaiirig the Téesta Right Exﬁbﬁﬁkment

Iml.m_ct' on tﬁe Ghagot river

If.épizﬂége froin the Teesta into the Ghagot is prevented by the completion and rehabilitation of the.

TRE then the results of the MIKE!1 simulations suggest that the dominant discharge will be reduced
to approximately 50 m’/s. The regime conditions for these revised conditions would be a width of

22m, depth 2.7m and a slope of 0.00013. _ 3

These results suggest th“at,? in the long-term, the channel would reduce significantly in both width and
depth. The change in equilibrium slope suggests that the sinuosity of the river would reduce to
ap;iroximately 1.4, Thus the river course would become much less tortuous than at present. -

The time for these morphologica'lrre-adjustments is likely to be _leés than 20 years.

Impact on the Alai Kumari river

The effect of sealing the TRE downstream of Kaunia would be to reduce flows in the Alai Kumari,
as,'-'épi'llls into this river from the Teesta would be prevented. This would result in fess flow and
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sediment entering the Ghdgot The backwater effects in the lower reaches of the'Al'di Kumari would

l;{e veduced, but not eliminated, with a re%ultmg reducuon in siltation in the lower reaches of the Alai
umari. '

The time for these morphological re-adjustments is iikely to be less than 20 years.

Impact on Teesta river

The tong term etfectweness of sealing the TRE will depend upon the future morphological change
of the Teesta river. If the right bank of the river moves to the south-west, towards the TRE then
breaches are likely to occur with increasing frequency. This can be avoided for some Lons:derable
period of time by allowing a large set-back distance between the embdnkment and the river.
Unfortunately this would be at the cost of not providing flood protection to a large area of land
adjacent to the Teesta. This is also not a viable option in the redch where the Ghagot comes close
to the right bank of the Teesta.

For the TRE to be effective in re(lm,m0 ﬂoodmg down the Ghagot it is imperative that the TRE
“separatées the Teesta from the Ghagot It is_therefore necessary to prevent any further moving
westwards by the right bank of the Teesta in this area. Untormndtely this critical location coincides

with one of the unstable l’bdbhes of the Teesta river. :

The p()ll(,y to protect this and other reac.hes of the TRE wuld be based upon that propesed by FAP-1
for protection of the:BRE. In this approach it is not proposed to:provide non- -erodible protecuon for
- the fuil Iength of the BRE. Instead it is proposed to establish a number ot 'hard points along the river.
If the distance between these hard points'is léss than the natural wavelength of the anabranches then’
the incursions of the anabranches can be controlled. Though erosion may occur between the hard
points, deep incursions will not oceur. The same philosophy could be adopted tor the Teesta based
on the observed wavelength and utilising the natural fixed points along the length of the river.

l4.4.2 Impact of rem‘nving the Munas regulator

T he removal of the Mdnas regulator is unl1kely to have a deOE morphological impact on the Ghagot
river; it wili hdve no impact on the morphology of the Brahmaputra.

Removal of. the Manas regulator will allow some flow from the Brdhmaputm to enter the Ghagot.
river; this flow will carry sediment with it. This flow will only penetrate a short distance up the
Ghagot; any sedimentation will be in this aréa. Any-sediment deposited in the lower Ghagot as a
result of flow from the Brahmaputra is likely to be eroded by flows from the Ghagot into the
Brahmaputra: this is likely to occur for at least 10 months of the year including the majority of the

tlood season.

The opcmng of the Ghdgot to the Brahmaputra creates a potent‘idi route for the Brahmaputra to tlow
into the internal rivers of the North West region.- Great care must be taken to reduce this risk to a
minimum, The construction of the regulator at the head ot the Alai Nadi will help to reduce this risk.
It is recommended that further detailed des:gn studies, possibly using physical models, are carried out

to investigate this prohlem
14.4.3 lmp.nt of umstruttmb reg,u!.ltnr at lhe tail of the M.ln.ls river
: The' morpho!ogual :mdet ot wnstruutmg this regulator is likely to be minimal. Under present

.,ondltmm the lower Mdnds river suffers from baLkw;\ter effects from the Brahmaputra; this will not
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change. If the pr()p()sed rcgulatur is of msuthuent LdpdClty and results in turther drdmage cong,estson
it could result in an increase in sediment deposition in the lower reachis of the Manas river, The

regulator will eliminate the pl)SSlhlllty of sediment which originates in the Brahmaputra entering the
Manas bdsm

l4.4.4 lmpuct of conslructing regulamr at the hwd-of the Alai Nadi -

The construction of thlb reguldtor will reduce the flow and sediment emermg the Ala: Nadi. There
will be a reduction in dominant discharge in the river. The morphological response to this would be
a significant reduutlon in both width and depth. It it assumed that the valley slope does not change,
the resulting change in equilibrivm slope suggests that the sinuosity of the river would reduce. Thub
thb river u)urse would hewm&, straighter.

14.4.5 Impact of ciampm‘hnentalisatiun _

.Compaftmen’miisatioh will result in the increase in flows in some internal drainage channels and a
decrease in flows in others. Where flows are.increased the channels are likely to become wider,
~-deeper and more meandering.  Where flows are decreased the depth and width of the drainage
channels are likely to decrease; the channéls are also likely to become straighter.

14.4.6 lmpd{.t of (.Ullll]j_, meander luop at G.ubdndh..a
If the mednder loup at Gdlhdndhd is cut-oft but the Manas regulator is retained then there would be
little murphuloglml impact in the area. It the Manas regulator is :emuved then the backwater effects

‘will be reduced and sediment transport tates increased.  This would increase the potential for a
morphological impact resulti_ng, from the cut-off of the meander loop.
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Flood phase analysis
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CHAPTER 15
CONCLUSIONS ANb RECOMMENDATIONS
I5.1  Conclusions
- The Lower Atrgai. basin

A reason_a_bly good calibration between observed and modelled levels and discharges’was achieved in

the sub-regional model with tolerances lying within those prescribed by the FAPMCC for pre-

feasibility study. Model predicted flood phases were also found to give reasonable agreement with
'MPO data thereby giving greater confidence in the model as a tool to predict future changes.

The present drainage paths in the Lower Atrai basin tend to follow natural drainage courses but this
 is achieved mainly due to public cuts; these cuts occur because embankments have been constructed

across natural drainage paths. Hydraulically the Lower Atrai basin can be thought of as consisting
of three 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

Po](_l_ers and into SIRDP,

Sediment transport rates in the Lower Atrai system are high but the river is also r_eiativéiy large. This
means that the time for morphological re-adjustment in the system is likely to be between 20 and 50
years. At present the Lower Atrai system is more or less in dynamic equilibrium, o

The com:plét'ibn of Naogaon Polder will have a minimal effect on peak water levels in the Atrai

‘wheteas model simulations predict that the completion of the Barnai project will raise river evels in

the Shib-Barnai river and the lower reaches of the Fikirni river. This will make the flooding
conditions in Chalan Beel Polder D significantly worse, assuming the embankments continue to be
* breached or cut. ' ; ' '

Following completion of the Barnai project, the majority of the sedimerit which passes into the.Fi'_kirni
is likely to be deposited in the lower reaches of this river and in the Shib-Barnai immediately
_ downstream of Bagmara with subsequent mor_pho_logicai re-adjustment likely. -

Confinement in the Lower Atrai would result in large rises in water level throughout most of the
_systern, In particular the closure Bogra Polder 4 and Chalan Beel Polder C. will resuit in large
. increases in water level in the Lower Atrai. The large rises in water level which could result from
closure of the various polders is likely to cause drainiage congestion within the embanked areas and
'are'zijso likely to increase the likelihood of public cutting. “Given these conditions full confinement
" in the Lower Atrai basin is an unacceptable development scenario for this area.

The Green River :con_cept of the Lower Atrai basin is designed to bring the river system closer to its
original drainage conditions and hydraulic characteristics; prior to the development of the area by
empoldering and embanking. S _

“The Green River concept of partial protection in the low lying areas adjacent to the Atrai and CFD
" measures in the upper reaches were found to give overall benefits in terms of beneficial shifts in flood
-phase.” Depending on the level of partial protection, however, they can result in a rise in water level

in the middle reaches of the Lower Atrai. | .

15t






Embanking of the middle reaches of the ‘Atrai river, within India, will raise peak levels at

Mohadevpl{r by about 1m. The impact will lesser further downstream with peak levels being unaffect
below Atrai RB.

Sensitivity to increases in Brahmaputra peak levels indicate that this will fead to 4 rise in water levels
throughout the lower area of the Atrai basin. The influence will extend to Singra.

‘Fhe Bangali Floodway

(?FD devglopments in the Upper Karatoya basin will result in increases in discharge in the Bangali
river and produce a worsening of the flooding situation. The construction of a new outfall to the
Brahmaputra, the Bangali Floodway, could alleviate these problems.

Based on a consideration of morphology and flooding risk in the Middie Bangali a residual peak flow
down the Bangali of 500 m®/s was selected. Any excess flow from the upper reaches passes along
the Bangali Floodway directly to the Brahmaputra.

Two cross-ﬁsect'i_onal. shapes were considered, trapezoidal and two stagé:éhzannel._ The trapezoidal
channel reduces peak levels slightly from those of the natural channel although in the downstream
reaches the impact of cross-section shape is minimal due to backwater effects from the Brahmapuira. .

The quantity of sediment deposited in the Bangali Floodway with the two stage channel is less than
that with the trapezoidal channel shape. But the small width in the lower stage of the two stage
channel means that the rate of bed level rise will be greater. .

The Middle_' and Lower Bangali

The cause of the flooding problems in the Middle Bangali basin derives from breaches in the BRE. -
If these breaches can be prevented flooding will not restrict development in the Middle Bangali basin.
If spillage from the Jamuna through breaches cannot be prevented the problems of the Middle Bangali
must be reassessed.

The opening of the Upper Karatoya to the 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 careful selection of structures in the
Bangali Floodway will help to reduce this risk. '

' CFDldeVélopnients‘ in the Up'per.Karatoyzi wiﬁloiut.the Bangali Floodway will increase the ﬂdws_ and
water levels in the Middle Bangali basin and may result in the channel becoming deeper, wider and
more meandering. ' :

'I.;hc.Cub'off of dtéinage'chanhels from the right-bank of the Bangali will increase'di:scharges_ and
sediment transport rates in the downstream reaches and this may cause some morphological change
leading to an increase in the channel conveyance. :

Sedimentation is likely to oceur in the Durgadah and Batna'i"if they are cut-off from the.:Bahgal%'and
;th_ey-.wiil” tend to become narrower, shallower and straighter due to the -reduction in dominant
-discharge. ' ' ' - : : -
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The Gaibandha Impruv(_ément Project

The G!P model gave a. reasonable agreement between modelled and observed diSchargés.
Comparisons between model predicted flood depths and field observations for the internal area of the

GIPdgave additional confidence in the models use in predicting the changes from present to future
conditions.

The flow in the internal dramage channels of the GIP area is delCd“y north to south; this means that
the water whlch spills through the breaches in the Teesta right embankment eventually reaches the
Manas basin in the south of the GIP area. In the south of the GIP area there is drainage congestion
due to the backwater influence from the Brahmaputra This is the area that suffers from the deepest
and most prolonged ﬂoodmg

' With the very importarit exc.epnon of the south -gastern part of the area, the flood phdse anaiysm for
the GIP area suggests that tlooding is. not a major restriction on agncultural produutmty Sudden
surges- of water through breaches and publm cuts or from oveabdnk 5pllla0e may however result in
serious prohlems oi‘ crop and lntrastruuture ddmdue

The impact of the sealin|J the Teesta right emb:mkmem upstream of Kaunia is to lead to a marked
reduction in peak flows in the Ghagot and a reduction in the peak water levels, by more than i m.
Sealing the Teesta downstream of Kaunia will reduce inflows to the GIP ares and help to alleviate
some of the drainage congestion in the southern pdrt of the area.

Compartmentalisation redLStrlbutes the volumes of flood waters in the GIP area and has an overali
beneficial impact on the flood regime. In particular, it was found that there were substantial benefits
in the southern part ot the area.

The Lonstructing ofa regulator at the head of the Alai Nadi river results in a decrease in peak water
levels of more than | m in the upper reaches of this river and will also help to reduce the flood flows
' whu,h enter the Bangali basin turther downstream,

The extensmn of the Ghdgot left embankment, upstream of Bamondanga, has a re!dtwely small impact
on the GIP area as a whole.

Sensnmty to increases in Brahmaputra levels ot 0.5m indicate that the influence will extend 1o a point
mldway between Sadullapur and Bamonddnga

Andlysm of hlstoru, survey data indicates that there has been a Uenerdl trend of movement of the
Teesta river to the south-west. If this movement continues then the frequency of breaching of the
present Teesta right embankment will increase and any further embankments or structures constructed
along the right bank will be threatened by erosion. Further development of the TRE must address
_ the issue of river tmlnmtI as well as the construction of an embankment to prevent ingress. of flood

Wdt@l s,

There appear fo be a number of locations on the Teesta river which are reiatively:'stdb!e Between
these fixed points the river divides into a number of anabranches, each ot which has a sinuous form.
It there were to be a dramatic change of course of the Teesta due, for exdmple to & major earthquake

it is ilkely to take plat.e at one ‘ot the nodes.

The Teesta barrdg,e confines the width of the river but as the selected site corresponds with one of
the stable nodes of the river it is unhkeiy to have a signiticant impact on the plan form of the river.
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As the storage at the barrage is relatwely small in compdnson with the dlscharge of the river it is not
expected to have a significant impact on the overall morphology of the Teesta. There may, however,
be local impacts v..onf‘lned to the neighbourhood of the structure,

Analys:s of data suggests thdt net depos:tmn is takmg place in the Ghdgot viver in the Jafarganj
“region,- whereas there appears to no significant bed level changes in the region of Istampur and
Gdlbdndhd The rate of deposition is dependent on the spllls from the Teesta,

The opening of the Ghagot to the Brdhmaputra creates potentml 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 construction of the regulator at the head of the Alai Nadi will help to reduce this risk.

152  Recommendations

The application of hydrodynamic models has proved to be an invaluable tool with which to assess and
~ understand present tlooding problems and ‘to assess the impacts of messures to allewate these
- problems. . Further detailed hydrodynamic mudeilmg of project areas should be carried out at the
tedxlbihty stage of all projects. The boundary conditions for these models should be provided by the
most dpproprldte ‘hydrodynamic model of the area whu,h is dVdithC at the time.

At the detailed de‘;lgn ﬁtdge the hydrodynanm model should upddte the models using the latest
~ topographic and calibration information. To obtain the maximum benefits this model should also be
linked to a GIS.

Throughout the modelling, hydraulic struciures havé:béer_\ represented in a crude manner. The
suitability of this representation should be investigated and improved where appropriate.

Linking the model output results to other post processing programs has enabled the models to be used
in a much wider context than that of simply predicting water levels and discharges within the
mud«;’lled' river ‘reaches and drainage channels. Further work should be undertaken on these
applications. This would require multi-disciplinary team including a hydrologist, a hydraulic
en;_,mt,er ‘a environmentalist, a sociologist and an dgl‘tLURlli’di economist.

Itis rec.ommendt.d that turther detmted design studies are carried uut possthly using phys:cal models,
to investigate the risk pused by opening the Ghagot ar th_e Banguali Floodway to the Brahmaputra

More detmled analyseq should be carried out, at the design stage, to quantn‘y, as far as possible, the
murphologual Lhdng,es which will be induced by [)l'()_]t!ht\ in the North West re;,non

: Wuhm the Lower Atrai system ﬂuw across submersible embankments hdb been simulated. Further
research into the hydrdulm ot these structures and the:r representation in hydmdynamm models is

~ required.
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