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FOREWORD/ADDENDUM

The work contained in this annex was carried out in the early months of 1991. with a few small exceptions the

work remains valid. However, the qualifications need to be stated.

(1)

(i1)

(iii)

(iv)

W)

There have been profound changes in policy towards groundwater irrigation, whereby the supply of
deep tubewells (until recently an effective public monopoly through BADC) is to be opened to the
private sector, principally through the actions of the National Minor Irrirgation Project (NMIDP). The
associated changes are likely to radically transform the nature of groundwater irrigation. The main
technical changes will be reduced discharge capacities and reduced capital costs. Accompanying these
changes is a preference to use the more accurate terms "force mode" and "suction mode" instead of
DTW and STW. The original Annex (although correctly anticipating the impact of lower capacities,
through its consideration of | cusec DTWs) is principally concerned with resource issues. Importantly,
in terms of the areas of land that might realistically be brought under irrigation by the force mode
wells, there is little difference between the different capacities of well. Thus its findings on resoruce

availability, although couched in the language of DTWs and STWs, apply equally to the new well
types.

Recent Investigations carried out initially by the Deep Tubewell II Project, but mainly under the Gumti
Phase II Feasibility Study (1992/3) have identified natural gas discharges as a major constraint on the
feasibility of suction mode tubewells in parts of this area (see Annex of the Gumti Phase Il Sub-Project
Feasibility Study June 1993).

It is recognised that there are a significant number of DTWs operating from a slightly deeper aquifer
horizon in Noakhali and Laksmipur districts, where it had previously been believed the aquifers were
too saline, as indeed in the intermediate depth range of 50 to 100 metres they are. Even though these
wells are relatively expensive, it changes the pature of the development options in the area (to either
surface water or groundwater). The sustainability of abstractions from these deeper aquifers requires

urgent investigation.

Minor irrigation statististics from the AST survey of March 1991 (now regarded to be the best
available) provide a new basis for evaluating current resource use and generally point to a higher

irrigation coverage than was previously recognised.

Further investigations indicate the appropriate salinty criterion for irrigation water in Bangladesh is
2,000 uS/cm limit used earlir) and even this is probably conservative for the local agro-climatic
conditions.
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ANNEX V - HYDROGEOLOGY
CHAPTER V.1

LANDFORM AND GEOLOGY

V.1.1 Landforms

The geomorphic evolution of the study area has been investigated by a number of workers (Morgan and
Meclntyre, 1959; Brammer, 1971; Bakr, 1976; Umitsu, 1985, 1989). The following brief discussion on relief
and topography, drainage and its evolution and above all the geomorphic evolution of the area is presented based

on the above work.

V.1.1.1 Relief and Topography

The south-east study area encompasses a triangular-shaped tract bounded by the Meghna river in the west, the
Indian territory on the east and the Meghna estuary at its south. The dominant topographical feature is
represented by a vast expanse of deltaic plain with the Lalmai hills elongated north-south prominently in the
landscape as an outlier, remnant of older sediments. The terrain slopes westward from the foot of the Tripura
Hills up to the main channel of the Meghna river. The average elevation of the base of the Tripura hills is about
10 metres, and that of the western margin at the bank of the river Meghna is around 2 metres (Figure V.1.1a).
Across the Bangladesh-Indian border, the Tripura Hills forming a series of north-south trending hill ranges rise

in elevation from 65 metres to 130 metres. Further east they rise to 600 metres.

V.1.1.2 Landform Units
Bakr (1976) divided the area into three landform units (Figure V.1.1b):

a) Lalmai Deltaic Plain: skirting the Tripura Hills and sloping to the west;
b) Chandina Deltaic Plain: generally level land, occurring at a slightly higher elevation than the
adjacent flood plain; and

c) Meghna Flood Plain: flood plain of the Meghna river and its tributaries.

The Lalmai Deltaic Plain stretches from Shahji Bazar in the north to Dattasar in the south, bulging at
Dighalgaon. Skirting the western boundary of the Tripura Hills the plain gradually slopes westward, [t is
named after the Lalmai Hills because, east of the Meghna, it is one of the few areas where the Madhupur Clay
of the Pleistocene age are exposed and its relationship with older and younger formations can be studied. The
sediments capping the Lalmai Hills comprise unconsolidated, flat lying reddish brown and yellowish brown clay
and sandy clay. The shape of the plain is arcuate with convexity westward. As it is slightly uplifted with
respect to the adjacent plains it is also referred to as Lalmai uplifted Deltaic Plain or Lalmai Deltaic Terrace,

The typical drainage pattern developed in the unit is dendritic, sometimes tightly dendritic.,

ANNEX-V V-1
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Relief and Land Form Units

Figure V.1.1
in the Study Area
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The Chandina Deltaic Plain lies between slightly uplifted Lalmai Deltaic Plain on the east and comparatively
low lying Meghna Flood Plain on the west. The unit is referred to as the as the Tipperah surface by Morgan
and Mclntyre (1959), Older Alluvia[lsurlthlce by Umitsu (1985) afld Old Meghr?zi Estuarine Surface by Brammer
(1971). The unit is made up of silt, silty loam, silty clay and greyish clay and has been named as the Chandina
Formation. The sediments resemble those of the Recent Meghna Flood Plain, but are more compact,
decomposed and oxidized. Remnants of numerous meander scars, meander scrolls, old levels, ox-bow lakes
can be detected in aerial photos and Landsat imageries. A similar surface with few drainage systems was
identified by Umitsu (1985) in the region south of Calcutta City, West Bengal (Figure V.1.2). This surface is
tentatively called here as the Calcutta surface. The drainage devel?ped in this unit is rectangular partly due to

man-made irrigation network. The unit is uplifted to the southeast a few metres higher than the adjacent
floodplain of the Meghna river.

The third landform unit in the study area is the Meghna floodplain. It is least elevated and comprises the
eastern bank of the river Meghna, The Meghna floodplain has been built up by the present day sediments
carried by the Meghna river which is generally meandering in character but in places braided resulting a vast
plain criss-crossed by numerous small streams, merging and branching, and building out channel bars, meander
bars and levees. The sediments are mainly composed of sands, silts and clays.

Based on the above landform characteristics and rocktypes, the southeast region is divided into a number of

morphostratigraphic units, clearly identifiable in Landsat images, as presented in Table V. 1. | and Figure V.1.3

V.1.1.3 Drainage

The area, as described by Bakr (1877), is drained by:

a) the Titas river in the northern part;

b) the Gumti river in the central part;

c) the Dakatia river in the south-central part;

d) the Little Feni river in the south-eastern part; and
e) the Meghna

bounding the area on the west and into which a), h), and ¢) empty, while the Meghna and the Little Fenj tall

The major drainage pattern characteristics of the landform units described in
Section V. 1.1.2 (artificial, rectangular pattern of the Chandina Deltajc surface; bra

of the Meghna floodplain and the dendritic Stream pattern of the Lalmai deltaic
Marivan el MisTrtvrs 1950Y an¢

into the Bay of Bengal,

iding and meandering pattern
plain) has been dealt with by

Iis shown in Fionre V 1.4. Carefil analvses of the conrses of the above river

,g\(d




Map Showing the Land Forms of the Bengal Basin
and Locations of Older Alluvial Surfaces
- Tippera Surface (Block A) and Calcutta Surface (Block B)
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Figure V.1.3 [ b
Morpho-Stratigraphic Units in the Study Area
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Figure V.1.4

{3{ Map Showing the Major Drainage Patterns
v in the Brahmanbaria-Noakhali Area
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TABLE V.1.1

-L_,_.._ I-———-—

.Geomorphic Evolution of the Study Area - .
. " b | !

[ A): Morphostratigraphic Units

iy

Age Geomorphic Units Geologic Units
£
J Late Meghna Flood Plains
Recent
' (12 000 - Early Chandina Deltaic Meghna Flood Plain Deposit
_j ] Present Plain (Tipperah
Surface/Older Chandina Formation
hl Alluvial Plain)
J
S T bz Tl e A ——————
i Pleistocene Lalmai Deltaic Plain Madhupur Clay
) (.93-.73 MYr.) (Lalmai Terrace)
)" .............................................................. Unconformity..........oooeiiiinniriisieeireeeeeeseseo
- Plio-Pleistocene - Dupi Tila Formation
: > 93 MYr.
J J B) Sequence of drainage
J ] Artificial drainage
r -+ Rectangular Artificial - developed by.
_I 1 drainage man for agricultural

purpose

‘ Natural drainage

3. Present-day the present day Meghna

drainage river system meandering
and braded; present day

Gumti River _




TABLE V.1.1 (Contd)

2. Disappearing the present Titas River,
drainage . « Bijni Nadi!} Ghungur Nadi,
kb 2 : i TII. . . . .

i ! ' Majora Nadi, Buri Nadi,
Dakatia and Little Feni rivers-
partially degenerated rivers
characterized by tight meanders,
oxbow lakes, and neck out offs;
rivers in old age (maturity)

1. Nearly extinct or ' Older courses of the Titas

extinet drainage and of Gumti also the older

loops and trends of channels

G. Broad aspects of Geomorphic Evolution

Stage Aspects Remarks
35 Present day The modern Meghna, Titas,

drainage Gumti and Dakatia river

regime

Uplift and development of the Chandina Deltaic Plain (Tipperah surface/Older Alluvial Plain)

2 Older drainage

regime

Uplift and development of the Lalmai deltaic Plain (Lalmai terrace) (correlatable with the fourth Himalayan

upheaval)

L The Oldest

drainage

Deposition of the Chandina
formation in the deltaic

flood plain of the older
Brahmaputra - Meghna rivers,
and older Titas and Gumti

rivers

Deposition of the Madhupur

Clay in the then dela,

regime hugging the Tripura Hills

Source: Bakr, M.A., 1977

1) general uplift of the central part of the area particularly development of the Chandina Deltaic Plain;
and
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Kigure V.1.5

240

Titas River and the Gumti River System

Map Showing Sequence of Drainage in the
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Figure V.1.0

Map of Brahmanbaria-Noakhali Area
Showing the Trend of Floods (Anticline and "High’)
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| iii) abandonment of the old course of the Brahmaputra in favour of the present Jamuma course, thus

cutting off a vast water source.

Bakr (1977) elaborated the sequence of the stages of the Titas and Gumti river systems (Table V.1.2). The
possible orientation of the stages is shown in Figure V.1.5. Itis apparent that the Titas Stage | 1s correlatable

with the Gumti Stage IV (Table V.1.2). The development of successive stages of these river systems has been

due to:
1 general slope of the region from east to west;
iy~ uplift of the land in the east forming the Chandina deltaic plain;

i) general NW-SE trend of a number of subsurface folded structures - Bakhrabad, Lalmai, Daudkandi.

etc.; and their possible reactivation causing minor uplift during the Quaternary period; and

) diversion of the Brahmaputra flow during the years following Rennell’s mapping.

V.1.1.4 Drainage and Structure

Morgan and Mclntyre (1959) and Bakr (1977) demonstrated that the evolution of the drainage in the region has
“been-largely comtrolled by the sub-surface structures. The gradual slope of the entire land from east to west
pi and upliftment along pre-existing folds have affected the stream courses and building up of the deltaic plains
with the result that the pattern of the drainage is the outcome of the adjustment between these two factors. Late
Tertiary and Pleistocene folding activity resulted in the formation of gentle folds and broad highs, striking north
and fdorthwest. During Pleistocene and sub=recent time the sediments have been affected by movements. The
upliftment of the Chandina deltaic plain at this also affected the orientation of the rivers in the area. Bakr
(1976) observed that the broad bends of the meandering streams are mostly pointed toward northwest. This
may Be related to the orientation of the anticlines. The Gumti river through its long history, adjusted with the
Lalmai and Bakhrabad anticlines, the Dakatia river with Begumganj and Kachua anticlines and the Chandina

High, and the Little Feni river with the Comilla Syncline. This relationship between the rivers and the sub-

surface structures is shown in Figure V.1.6.

V.1.15 Geomorphic Evolution

The geomorphic evolution of the study area has been dealt by Bakr (1976), based on drainage pattern and
structural activity, and Umitsu (1987), based on landform characteristics, sedimentary environments and sea
level fluctuations (see Section V.1.2). Three Quaternary geomorphic units -Lalmai Deltaic Plain of Pleistocene
age, Chandina Deltaic Plain (Tipperah Surface or older alluvial surface) of Early Recent age and to Meghna

Flood Plain of Recent Age -have been identified in the area.

[— L] i ¥ d "
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TABLE V.1.2

Sequences of Stages of the Titas and Gumti River Systems,

Comilla District (see Figure V.1.5)

A. Titas River Svstem
Stages Remarks
Tita&: VI - Present .day course of the

degenerated Titas river from

.'!'f'? 1 B

Chunta to Nabinagar in the
shape of letters M (a giant
loop stuck to the Meghna niver)

Uplift pf the Chandina Deltaie Plain: diversion of the Brahmaputra from the east to its present site in the west.

= -

Titas V Course outlined by the present day
" " Titas river extending through Titas

Nadi (west of Nabinagar) - Chitibhanga
: ~ Nadi - Kalatia Nadi.

Titas VI Course outlined by the present-day
Titas Nadi - several interlaced
branches of the Titas Nadi between

- © Muradnagar and Homna and extending

up to Daudkandi.

Titas 111 - Course outlined by the present-day
Titas River - Buri-Nadi.

Titas 11 Course outlined by the upper part
of the Titas river - Bijni Nadi

- Majora Nadi -Ramprarshader Khal
t_thc- Titas fell into the Gumti)

- e

Beginning of uplift leading to the development of the Chandina Deltaic Plain; beginning of the westward

diversion of the Brahmaputra.

Titas | Course outlined by the upper This course joined
part of the Titas river - the Gumti niver in
Bijni Nadi - Ghungur Nadi in Rennelt’s Map
1778 AD
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TABLE V.1.2 (Contd)

B. Gumti River System
Stages Remarks
Gumti V ‘Present-day course that discharges

into the Meghna at Daudkandi

Gumti [V = Course outlined by the present- This course is shown
- day Gumti river-Dhonagoda Nadi in Rennell’s map
Gumti Nadi, past Matlab Bazar, and 1778 AD

. meeting the Meghna north of Chandpur

Gumti I11 Course outlined by the Gumti river
upto Companiganj and then following
Maricha Khal and Siddeswari Khal

Gumti [TIA ‘ Course outlined by the Gumti river
. upto Jaffarganj and then following
Keru Nadi-Barakamta Khal upto the
Meghna river

Gumti [1 Course outlined by the Gumti river
upto Jaffarganj and then following
Kheru Nadi, with bifurcation around
Barakamta, the major discharge tlowing
southwest towards Gumti Nadi, past
Matlab Bazar, swinging between the
upper part of the Boaljuri khal and
Mangichu Nadi

Gumti [ Course outlined by the Gumti Gumti Nadi, passed
river after coming out of the Matlab Bazar
~+  Tnpura Hills and then swinging
L around the northern h’e&g_ of the
Lalmai Hills via deserted loops
' In ine prescat day Binanadiar
char - Dubair char and through
Kedarpur - Kheru Nadi - Mahespur
- Kala Khal - Mangichu Nadi

Source: Bakr, M.A., 1977

ANNEX-V ' V-7




Figure V.1.7

Comparative Drainage Changes in the Brahmanbaria-Noakhali Area

(1778 A.D. to the Present)
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Madhupur Clay ot Pleistocenz age (0.93 Ma - 0.73 Ma) forms the Lalmai Deltaic Plain that extends as
piedmont surface from the Tripura hills slopes with ¢levations ranging from 5 m - 30 m above MSL. The
Madhupur Clay, unconsolidated reddish brown clay and red sandy clay, unconformably overlies the folded
Dupitilla sandstone of Plio - Pleistocene age (> 0.93 Ma old). Terraced and gently rolling landform,
subsequent and dendritic drainage pattern and arcuate disposition indicate that the surface has been uplifted.
After the deposition of the Madhupur Clay, tectonic activity set in - with the concomitant upheaval of the
Himalayas because of which the Lalmai Hills were raised (Hasan, 1990). As a result they were eroded and
highly dissected and fragmentary terrace was generated. After the building of the terrace, the drainage system
changed and the Chandina deltaic flood plain deposits - clay, silty clay, silt and sand - were laid down (Ca
10,000 yrs. - 6.000 yrs.) lead to the formation of the Chandina Deltaic Plain. Comparative drainage changes
in the Brahmanbaria - Noakhali area (Figure V.1.7 ) from 1778 A.D. to the present indicate that the Chandina
Deltaic Plain had also suffered from tectonic activity (epeirogenic or vertical) and at least a significant part of
it have been uplifted. The upliftment might have taken place in the years following Rennell’s survey (1764 -
1778 A.D.) in the area. This could mean that the widespread earthquake activity of 1762, 1869 and 1897 (see
section 1.2) had definite impact on the development of this geomorphic feature. As a result of uplift, this
deltaic plain hecame a terrace surface, called by Morgan and Mclntyre as the Tipperah surface (1959). The

river system again changed giving rise to the existing Meghna flood plain.

These terraces are as consequence of epeirogenic movement. The elevation of the Lalmai terrace may be related
to the final (fourth) Himalayan orogeny, which caused uplift of the Pleistocene deposits in the Himalayas. The
elevation of the Chandina Deltaic Plain is possibly related to Recent minor activation of the pre-existing folds

in the area (Figure V.1.6). Table V.1.1 illustrates the broad aspects of the Quaternary geomorphic evolution

of the area.
V.1.2 Geologic Setting ;
Val:2:1 Structure and Tectonics

The study area lies in the folded belt of Bengal Foredeep within the Bengal Basin and constitutes the western
extension of the Tripura-Chittagong folded belt, a continuation of the Indo-Burman ranges (Figure V.1.8). The
important tectonic element that bounds the area in the west is the prominent Meghna Fault Zone, an active
hasement controlled fault. Geophysical (BOGMC, 1975, G.S.B., 1991) and geomorphological (Bakr, 1977)
investigations reveal the presence of a number of structural elements (Figures V.1.6 and V.1.9). The 20-km
long north-south trending Lalmai anticline is the only structure that appears in the landscape as a hill range
exposing the Quaternary sediments. The Lalmai structure is delineated on the west by Comilla syncline and
Tichna anticline; Daudkandi and Kachua anticlines on the west; Begumganj and Feni structures on south and
Bakhrabad, Titas and Bokhla structures on the north. The Habiganj, Titas, Bakhrabad, Begumganj and Feni
structures are gas bearing. A prominent geomorphic high, called the Chandpur High. corresponds well to
Barisal - Chandpur gravity high. All these folds, except the Lalmai, are at the sub-surface and may represent
the quicter expression of the diastrophic activity.

ANNEX-V V-8
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The fold belt is characterised by the gentle and box-like north-south trending folds, occasionally disrupted and
complicated by faults on the flanks, as in the Lalmai and Bakhrabad. Though the folding episode had continued
in Quaternary, initiation of folding appears to have taken place earlier. Recently acquired setsmic and dnlling
data in the Tripura fold-helt (Roy, 1986) and also in the study area (Figures V.1.10 and V.1.11) suggest
existence of mild shale diapirism in the region. Intensity of folding is found more in Tripura - Mizoram (Roy,
1986) and became gentle and subdued in Bangladesh . Structures get higher and higher to the east and older
beds of early Miocene age are exposed in the core of the anticlines while Mio-Pliocene and Quaternary beds
are exposed in the west. Compressive forces acting along east-west direction associated with the upliftment of

the Indo-Burman ranges have been responsible for the development of folds in the area.

In the light of the currently accepted plate tectonics theory, the area is situated in the eastern margin of the
Indian plate and has been formed by the collision of the Indian and Burmese Plate. According to Curray and
Moore (1974, 1981) and Curray (1990), the present relative plate motion between the Indian and Eurasian plates
is apparently in north-east and south-west direction that is causing underthrusting of the Indian plate under the
Burmese plate in the east and has been responsible for the development of east-west compression in the region.
The Burmese plate, heing overnidden by the Indian plate, has served as the main pushing force for the
compression of the Tertiary sediments to produce folds. The tectonic forces thus generated from the east
became progressively weak towards the west giving rise to the relatively broad, box-shaped folds in the area.
Detailed structural analyses of the folded belt in Bangladesh (Hoque, 1982; Hossain, 1985) and study on similar
structures of Tripura hills (Mitra, 1966) indicate that the folder belt of Chittagong - Tripura area, including the
study area, has developed both by the horizontal east-west compression and by differential vertical crustal

movement with additional complication of shale diapivism.

V.1.2.2 Seismicity

Bangladesh covering the major portion of the Bengal Basin is situated in the northeastern part of the Indian
subcontinent. The Bengal Basin was brought into existence at the Tertiary time as a result of inter-plate
movements involving the Indian, Tibetian and Burmese plates which also produced the Himalayas and the Indo-
Burman ranges, including the Tripura folded belt and its western extension, to the north and east of the Basin
respectively. The study area forming an integral part of the frontal folded belt lies at the juncture of three plates
and is one of the most tectonically and seismically active areas in the world (Khondker, 1990 and Hoque
et al, 1990).

Sesmotectonic studies have been undertaken by various workers in the Burmese arc comprising the Indo-Burman
ranges and their western extension and in the northern India (a complete list of references is provided in Hoque,
1990). Table V.1.3 provides a list of large earthquake events (M =>7.0) that occurred in and around the area.
Using data from various sources a seismicity map of Bangladesh and its adjoining areas has been prepared by
Mominuddin{lIQQI) (Figure V.1.12). The seismotectonic map of Bangladesh presented in Figure V.1.13 shows

that the most of the epicentral distribution are concentrated along a number of faults/lineament system.
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Figure V.1.10
BOGMUC Line in PK-SU-13 - Habiganj Anticline
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Yigure V.1.11

ismic Line BG-01 (Unmigrated)
Across the Begumganj Anticline
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Figure V.1.12
Seismicity Map of Bangladesh and Its Adjoining Areas
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Figure V.1.13

Seismotectonic Map of Bangladesh
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FIGURE I'14

Jigure V.1.14

Geological Cross Section Along the Folded Belt (Tripura)
ap Showing Gas Wells Drilled in the Project Area
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Some of the important conclusions that might be drawn by studyiny Figures V. 112 and V. 1.13 are as follows:

1) The study area 15 tectonically very active and the tectonic activity might have brought about
geomorphological changes in the area with successive intervals. The geomorphological processes are
the terrace building (Lalmai and the existing flood plain - Meghna flood plain) building in an ascending
antiquity during the Quaternary period.

2) Seismicity map of Bangladesh shows that maximum earthquake concentration occurs east of the
Jamuna-Padma-Meghna trends.

3) The Jamuna fault. the Madhupur fault, the Old Brahmaputra fault, the Banar fault and the Meghna fault
are the major faults bounding the geomorphic terraces and that the Quaternary deltaic plains in the
study area bounded on the west by the Meghna fault zone.

4) The most important lineament is the 180 km long NW-SW trending Meghna fault zone passing through
the river Meghna in the NE and the Ganges tidal flat in the SW merging with the Dauki fault, north
of Silchar. A number of NE-SW lineaments parallel the Meghna fault zone on both sides. A number
of epicentral plots falls on or close to this lineament.

5) The distribution of epicentres is distinctly linear along prominent tectonic elements like the Dauki fault
system, the Meghna fault zone, the Madhupur fault and others.

6) Seismo-tectonic study shows that courses of the major rivers are controlled by pronounced active faults.

V.1.3 Stratigraphy and depositional history

The area is covered by a sequence of fining upward deltaic and flood plain deposits of the Quaternary age.
Surface section of the exposed Lalmai Hills, shallow drill hole data for groundwater by the BADC, exploratory
drill hole data of the GWC of the BWDB provide stratigraphic information of the water bearing aquifers while
deep seismic section and drill hole data of the gas bearing structures in the Brahmanbaria-Noakhali folded belt
and the adjoining Tripura hills form the basis of the subsurface stratigraphic information presented in

Table V.1.4. Figure V.1.14 shows the NE-SW stratigraphic cross-section aligned roughly along the folded belt.

In the context of the present study concerning the hydrogeology of the water bearing sediments the focus of the
presentation is on the Mio-Pliocene and Quaternary stratigraphy of the area and pre-Miocene stratigraphy are

briefly dealt with.

) Pre-Oligocene Stratigraphy

Pre-Oligocene, Cretaceous - Eocene, rocks crop out on the northern and eastern margins of the Surma basin,
they have not heen penetrated by boreholes in the subsurface of the folded belt in Tripura and Bangladesh.
Regionally, these rocks retlect mainly transgressive sedimentation on a passive margin (Hoque, 1982, Salt,
1986). Cretaceous - Eocene rocks in the Naga Hills - Indo-Burman ranges comprise the Disang group and has
been divided by Ranga Rao (1986) into lower and upper units. The Upper Cretaceous Lower Disang unit
(> 2300 m thick) comprises slates, phyllites, and graywacke and is unconformably overlain by the Upper
Disang unit (1 250-3 000 m thick) comprising grey shale and sandstone. These rocks (>5000 m thick) are
geosynclinal facies equivalents of the shelf Jainta series of rocks and are expected to overlie the Early
Cretaceous Oceanic basaltic basement complex in the Tripura folded belt (G.S.B., 1991) (See Table V.1.4).
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I Oligocene - Early Miocene (40-20 Ma)

Lithological observations (Evans, 1964) indicate that ¢environment of deposition since Eocene had been quite
different in the North East India. Since plate collision in Eocene and subsequent uplift due to collision orogeny,
the frontal foreland basin that formed in front of the nsing axial Indo-Burman ranges, and the remnant ocean
basin in further southwest,' were being filled up by the fluviodeltaic and shallow-marine sediments with
continuous delta progradation towards south and south west. Large part of the Oligocene and possibly a part
of earliest Miocene, known as Barail in the fold belt, have three units - a lower marine shale and sand, middle
deltaic and shallow-marine shales and uppermost coal shale succession deposited in coastal swamps, lagoons
and mixed environment. While deltaic sedimentation was in progress in the Naga Hills area dunng Oligocene
time, depositional environment in the Tripura - Brahmanbara - Noakhali area was probably deeper marine and
lithology consists mainly of shale as suggested by seismic data (Roy, 1986). Over 3500 m of Oligocene - early

Miocene sediments that overlie the pre-Oligocene sediments are not encountered by drlling in the area.

Mio-Pliocene (20-2r3 Ma)

The early Miocene - mid Miocene sequence of the frontal fold belt near the convergence and collision boundary,
known as the Surma Group, deposited in a shallow transgressive and regressive sea where thick sequence of
clastic was formed. Lower part of the sequence named as the Bhuban formation consists of alternation of thick
sandstone and gray shale, channel till sand and conglomerates, argillaceous sequence, in turn, is succeeded by
thick arenaceous unit. Final phase of deposition of this group is marked by a thick, mainly argillaceous
formation, known as the Bokabil. At the last phase of Surma sedimentation, large scale regression of the sea
commenced and the delta building process that ceased at the end of Oligocene resumed with continuous west
and southwestward progradation. The sedimentation that was continuing under transgressive regressive seas
in the foreland basin in front of the rising Indo-Burman ranges, was changed over to fluvial environment
resulting in the deposition of the Tipam group of sediments, largely composed of multistoried sandstones.
Depositional environment of an alluvial valley encroached over vast tidal deltaic plains west and southwest into

Tripura - Comilla region and finally graded into the deltaic environment ot Bay of Bengal.

The Surma group in the study area has been divided into the Bhuban and Bokabil formations. The thickness
encountered in drill holes ranges from 2 300 m in Bakhrabad to over 3 000 m in Titas structures where none
of the dnll holes reached the base. The contact with the underlying Barail formation is an apparent
transgressive onlap, placed approximately on the Oligocene-Miocene boundary, whereas the contact with the

overlying Tipam sandstone is clearly diachronous from Middle Miocene in Assam to Early Pliocene in Tripura.

The Cretaceous - Holocene Bengal Basin, underlying the deltaic portions of Bangladesh and adjacent
India, and the Bay of Bengal forms a ‘remnant ocean’ (Mitchell and Reading, 1986) at the junction of
the Indian plate and Burma plate let. Basin development began in the late Cretaceous - about 127 Ma
ago - when the Indian plate was rifted away from Antarctica along an inferred Northeast-Southwest
trending ridge system. After a plate re-organization at about 90 ma, the northward, leading to its
| collision with Asia, initiated during the Eocene between about 55 and 40 Ma. Major uplifts in the
Himalayas and the Indo-Burman ranges began in Mid-Miocene and the plate movement is still
continued.
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The lithological characters of the Surma group, as revealed by drillers are not much dJifterent from the
monotonous sandstone - shale sequential nature of the rocks in the exposed Chittagong folded belt.  The
intercalcitions of sandstones. shale and clavstones are frequent; thus intimate mixing of these lithologies are

quite evident. The sand shale ratio of the group is approx. 1:1.5.

The Tipam sandstone and Dupitilla formation comprise the Pliocene and Pleistocene deposits of the Surma basin
and folded Tripura hills. The units can easily be identified on seismic records (Figures V.1.10 & 11). The
Tipam sandstone is 4 massive, coarse grained unit with seismic homogenity which is easily contrasted with the
banded reflectors of the underlying Surma and overlying Dupitilla sandstone. The Dupitilla and, to a lesser
extent the Tipam each thin over anticlinal crests, indicating that they were contemporous with folding. The

Tipam - Dupitilla contact is conformable in synclines but is commonly in angular unconformuity near anticlines,

Lithologically hoth the Tipam and the Dupitilla formations are arenaceous with subordinate shale but the
Dupitilla sandstones are fine grained, less indurated and more shaly. The Tripura folded belt and its adjoining
western extznsion in Bangladesh experience fluvial sedimentation resulting in thick and extensive sheets of fining
upward coarse sand - medium sand - fine sand - clay sequences. The Tipam sandstone 1s regarded as bed-load
dominated (braided) river deposit and the fine-grained Dupitilla formation as mixed load (meandering) river
deposits. The fluvial regime graded in the offshore into the environment of the Ganges - Brahmaputra - Meghna

delta system.

The maximum penetration of the Tipam - Dupitilla section in Begumganj well is about 1 400 m but in Titas -

Bakhrabad wells 1t varies from 250 - 500 m.

Quaternary

The youngest of the geological periods, the Quaternary, including both Pleistocene and Holocene epoch, lasts
over 2 Ma and is characterized by recurring occurrences of glacial and interglacial phenomena resulting in
fluctuations of sea level on a global scale to the magnitude of 100 - 150 m. The sea level dropped during
glacial time and during interglacials sea level rose. Recent study (Bakr, 1977). Coleman, 1968, Morgan and
Meclntyre, 1959, Niyogi, 1972 and Umitsu, 1985 and 1989) of the vast alluvial plains in Bangladesh and West
Bengal has demonstrated that these plains were built as deltas of different river systems during the Quaternary
in response to sea level oscillations. During each fall of sea level, as a result of lowering of base level, large
incised valleys were formed along ancient rivers and during each high stand of the sea, rivers draining the
adjacent high land have given rise to individual deltas. These deltas coalesced to give rise to long belts of
alluvial plains. The sedimentation pattern during such a set up is expected to be coarse substrata during valley
cuts and fine topstrata during valley fills period i.e. a series of fining upward sequences corresponding to each

glacial-interglacial event.

Figure V.1.15a illustrates Niyogi's (1975) reconstruction of the palacogeographic development of the deltaic
West Bengal based on geomorphic and geological data analyses in the context of usual glacioeustratic
oscillatiions. Four belts of landsurfaces; lateritic upland (Worgram Plain), older deltaic plain younger deltaic
plain (Kalna plain) and Recent deltaic plain (Baghirathi meander belt), represent the exposed top portions of four

series of sediments deposited in an offlap sequence during the four high stands of the sea level of the
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Figure V.1.15
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Development of the Quaternary Deltaic Arcs in the Bengal Basin
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Quaternary. Delta butlding by the existing set of rivers continued through the Quaternary period therehy
pushing the shoreline steadily castward. Due to continuous uplift of the region in the west, each vounger
formation was deposited further ceaward than the proceeding one therehy leaving a portion of the later
uncovered. At each junction, the older formation goes helow the younger formation and takes the proper

stratigraphic position.

Morton (1979), based on Landsat imagery studies. delineated the Quaternary deltaic arcs in Bangladesh
(Figure V.1.15b). The Barind Tract, the Madhupur Jungle Tract and the Lalmai Tracts were regarded as
remnants of Pleistocene sediments deposited over Bangladesh from the early Ganges - Brahmaputra - Meghna
system. The “early Ganges delta’ and the ‘early Brahmaputra delta’ are two simultaneous deltaic arcs in
Holocene time whereas the development of the early Meghna delta is a result of diversion of the Ganges -
Brahmaputra systems to their present directions in order to build a third early Holocene deltaic arc. Much of
the present day delta building activity is at the Meghna estuary whereas alongside the early Meghna delta lies

the Sunderbans or the later Ganges delta.

The surface geology map of the ared presented in Figure V.1.16 i< based on the Geological Map published by
the Geological Survey of Bangladesh (G.S.B.. 1990) and a brief description of various units is obvious from
Table V.1.5 that is found on the explanatory notes provided in the map. The sedimentological description of
exposed lithostratigraphic units are described by Hassan (1986) and a brief presentation is provided in

Table V.1.6. The lithostraugraphic units analysed include:

a) Dupitilla Formation

b) Madhupur Clay Formation
c) Chandina Deltaic Deposit

d) Meghna Flood Plain Deposit

The Dupitilla formation includes a sand member and silt member of Plio-Pleistocene age representing a fluvial
meandering product. The Madhupur Clay cubsidivisable into a lower sandy and an upper clay unit represents
an episodic tlood product of Pleistocener age. The Dupitilla sandstone and lower Madhupur Clay sand unit
form the principal aquifer of the area. The Madhupur clay with high percentage of little and halloysite overlies
unconformably the Dupitilla formation. After the deposition of this unit, tectonic activity raised the Lalmai Hills
which have been eroded and dissected giving mise to fragmentatory terrace. Consequently, a topographical
unconformity had been formed. As a consequence, the drainage system then changed resulting into deposition
of the Chandina deltaic flood plain deposit or Chandina formation, a sequence of grey silt, clayey silt and clay
with high percentage of illite and kaolinite, which has built up the Chandina Deltaic Plain. The landform unit
was also uplifted giving rise to a terrace surface called the Tipperah surface. The formation of the Chandina
deltaic plain is reminiscent of two Holocene substages which are the Atlantic and the sub-boreal. The Meghna

Flood Plain is then ascribed to the sub-Atlantic age as a younger formation.
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Figure V.1.16

Surface Geologic Map in the Study Area

Source :
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Alam et al, 1990.
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L\r‘) TABLE V.1.5

Brief Description of lithologic/morpholithologic units mapped in
the Qvarternary Deltaic Plains of Brahmanbaria-Noakhali area.
(GS.B. 1990: Geéol. Map of Bangladesh)

Age Code Lithologic units Description
dt Tidal Deltaic Deposits Light to greenish grey, silt to clayey-silt with lenses

of fine sand along active and abandoned stream
channels; contains some brackish water deposits.

Alluvial  Deposits -
ppe Marsh clay and Peat -

asd Alluvial sand Light to brownish grey coarse sand to fine silty
sand; Meghna river sand is medium, quartz-rich.

asi Alluvial Silt
Light to medium grey, fine sandy to clayey silt;
chiefly deposited in flood basis and inter stream
areas, Unit includes small backswamp deposits and
varying amounts of inter stratified sand deposits.
[llite is the most abundant clay mineral. Most areas
are flooded annually leaving thin veneer of sand
(radio-carbon dated 500-6000 yrs B.P.)

asc Alluvial silt and Clay Medium to dark grey silt to clay, colour is darker
with increase in organic content; includes flood
basin silt, backswamp silty clay and organic rich
clay.

ac Chandina Alluvium Yellowish brown, greyish brown silt to clay, more
consolidated than active flood plain sediments.
Upper 0.5 m is oxidized. Underlies Tipperah
surface. Radiocarbon dates suqqust deposition
ceased during the Middle Holocene.

av Valley Alluvium and Colluvium Medium to dark grey silt. clayey silt, fine to
medium sand and locally derived coarse debris;
includes small alluvial deposits.

wemmeeme=—=Unconformity----=--------

Pleistocene rm Madhupur Clay/Clay Residuum Light yellowish grey orange, light (0.93-0.73
to brick red micaceous silty clay; Ma)
dominant clay kaolinite and illite C.

----- —~Unconformity------—-----

Plio- Qtdd Dupitila Formation Yellow to light brown sandstone,

Pleistocene siltstone and conglomerate; massive (>0.93 Ma)
to thin bedded sandstone with quartz,
shale pebbles and silicified wood.
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CHAPTER v,2
HYDROGEOLOGICAL BACKGROUND
V.2.1  Aquifers and Aquifer Facies

A two-told division ot the Neogene - Quaternary sediments nto an upper and a lower sequence is made for the
country (MPO, 1987 and Jones, 1985) on the basis of their differing hydrogeological characteristics and as can
be seen 1n Table V.2.1, the same division 1s applicable for the study area. The aquifer potential in the study
area is related to the stratigraphic column as shown in Table V.2.2 and Figure V.1.14. The upper geological
unit is a heterogenous fining upward sequence of sands, silts and clays, all essentially in hydraulic continuity,
over a thickness extending upto 150 m or so. The upper sequence has a tripartite subdivision while the lower

sequence is provisionally subdivided into five independent aquifers separated by impervious clays.

A. Upper Sequence

The current description of the upper aquifer sequence is based on horelog data analyses of over 850 lithology

procured from the MPO and the groundwater reservoir has been divided into:

- an upper silty clay layer
- a middle composite aquifer of fine to very fine sands averaging over 20 m thickness; and
- the main aquifer of medium to fine or medium to coarse sands with interlayers of clays and silts

extending to a depth of over 150 m.
a) Upper Silty Clay and Clay layer

The upper silty clay and clay layer is generally characterized by high porosity and low permeability
(Table V.2.1) The layer increases in thickness from less than 20 m in north to over 60 m in the south

(Figures V.2.1 and V.2.2),
Statistical analyses of the clay facies help in dividing the upper silty clay cover into:

Maximum clay thickness

- Mean clay thickness

Figures V.2.1a and V.2.2a illustrate the isopach maps of maximum and mean clay thickness and percentages
of sands and silts within maximum and mean clay. Small clay thickness (0-20 m) and high sand content (60 -
over 80%) can be seen in the north-west and west central part of the area adjacent to the Meghna River. The
sand and silt content and layers of fine sand within the clay provide ground water to shallow wells such as hand

tubewells.

The physical and hydraulic properties of the clay layers are hydrogeologically important as they regulate vertical
recharge to the underlying aquifers in addition to acting as a semi-confined to confined layer to the more

permeable zones below.
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Figure V.2.1

Thickness and Lithology (Maximum)
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Figure

Upper Silty Clay Thickness and Lithology (Mean)
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TABLE V.

2.]

Hydrogeological Classification of the Neogene-Quaternary Sediments in Bangladesh

Sequence Sub-units Thickness Recharge Remarks
(m) Arza

Upper Aquifer Silty Clay 0 o over 90 m Hydrogeological charactenstics
Sequence and water resources well defined
(Quarternary) Composite based on over 850 well logs-in

Aquifer 31060 m the study area,

Main

Aquifer 30 to over 60 m
Lower Aquifer Clav Hypothetical based on 36 well
Sequence Aquitard 20 to 80 m logs and 20 geo-electric logs;
(Mio-Pliocene) hydrogeological interpretation

Aquifer Nr 2 60t 120 m speculative.

Aquifer Nr 4, 5 and 6 are salty,

Clay in the eastern part. Tripura Hills

Aquitard 01t 170 m form the recharge area.

Aquifer Nr 3 140 to 180 m

Clay

Aquitard 110 to 140 m

Aquifer Nr 4 100to 170 m

Aquifer Nr 5 80 to 160 m

Clay Aquitard 3010 60 m

Aquifer Nr 6 110to 190 m

Notes: a)
b)

ANNEX-V

Upper Aquifer, MPO, 1987
Lower Aquifer, Jones, 1985
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b) Main and Composite Aquifer

These aquifers, which range in thickness from less than 20 m to over 60m, have good to excellent water
transmission properties in the north central part of the study area. Their development potential is constraint by the

occurrences of saline groundwater (see Section V.3).

The top of the aquifer unit, referred to as composite aquifer (UNDTCD/BWDB GWC, 1982) is composed of very
fine to fine sand, sometimes medium sand and constitutes the uppermost water bearing zone. It vanes in thickness
from less than 20 m in the east to over 60 m in the west and north-west (Figure V.2.3). Almost all the 7537 STWs

in the study area tap their groundwater from this aquifer.

Below the uppermost water bearing zone, lies a series of medium to fine or medium to coarse sands with interlayers
of clay. This zone, sometimes separated by a clay layer from the composte aquifer, is known as the main aquifer
because 1t 1s the principal water bearing horizon for the high capacity irrigation wells all over the country. The
maximum depth to the top of the main aquifer ranges from less than 40 m to 60-80 m in the area except in the south-
west, west and north central where it is over 80 m (Figure V.2.4). While the full extent of the main aquifer is
nowhere penetrated by any of the BADC DTWs, the thickness of the exploited aquifer ranges from 20 m to 60 m

over much of the area except in the southern part (Figure V.2.5).

Figure V.2.6 illustrates a typical cross-section of the upper part of the groundwater reservoir in Kashba,
Brahmanpara, Debidwar, Muradnagar and Daudkandi thanas indicating lithologic inhomogeneity and lack in
consistency in the tripartite aquifer facies variation mentioned above.

B. Lower Sequence

Figure V.2.7 reproduced from Jones (1985, Figure 7) with minor modification, is a NW-SE to E sub-surface
geologic cross-section that shows the occurrences of deep fresh water bearing aquifers overlying salty water aquifer.
This conjecture is based on electrical and gamma ray correlation and interpretation of oil and gas test well logs. It
has been suggested that the lower aquifer sequence is only recharged on its eastern unconfined outcrop in the Tripura
hills and that each of the aquifer units from 2 to 6 is isolated by impervious clay layer. A number of conceptual and

practical problems, however, exclude the planned use of the potential deep aquifer resource.

The south-east study area covers the northwestern portion of the SE Groundwater region as defined by MPO (1987).
The physical properties of the various aquifer units are summarized in Table V.2.1 while Table V.2.6 shows the data
base for preparation of various aquifer facies maps.

V.Z.2 Aquifer Characteristics

Transmissivity and storage co-efficients are two principal properties that determine how effective an aquifer system
is as a groundwater reservoir. Characterization of these properties, as presented here, is based on limited pumping
test data performed for the UNDP (UNDTCD/GWS, 1981) and IDA/DTWII (1991) studies. Results of these
analyses are shown in Tables V.2.3 to V.2.5 while Figure V.2.8 illustrates the locations of pump tested wells along
with the transmissivity distribution of the main aquifer.
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Figure V.2.3

Composite Aquifer Thickness

SOURCE: SERS, 1991—dato base: MPO, 1986
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Figure V.2.4

Maximum Depth to the Top of the Main Aquifer

SOURCE:

SERS, 1991— dato base: MPO, 1986
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6 Ly Figure V.2.5

Exploited Main Aquifer Thickness, m.
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Figure V.2.6

E-W Geological Cross Section of Upper Aquifer Sequence
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Figure V.2.8

Pumping Test Borehole Locations and Transmissivity Values

PUMPING TEST BOREHOLE LOCATIONS AND
TRANSMISSIVITY VALUES.
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TABLE V.2.3 |

Transmissivity and Storage Co-efficient Values |
from pump test data for the Comilla Region

1 2

Well Description Transmissivi)ty Storage ) Specific Yield f
Nr Thana (m*/day) Co-efficient
Co-1 Brahmanbaria 700 2% 103 0.014
Co-2 Comilla 628 2.2x 107 0.06
C0-3 Burichang 570 I3 x 107 0.04
Co-4 Chandina (N) 1790 9.5x 10 0.007 |'
C0-5 Chandina (S) 1 242 4.1 x 10* 0.03 ‘
CO0-6 Nabinagar 462 9.1 Lo 0.006 |
Co0-7 Daudkandi 1200 3.3 x 19 0.007
Co0-8 Hajiganj 1625 3.9x 10* 0.004
co-9 Chandpur 795 1.4x 10° 0.07
CO0-10 Debidwar 333 v 1.6 x 107 0.07
CO-11 Laksham 656 6.0 x 10* 0.03
co-12 Chauddagram 328 v 22x 10° 0.10

Date Source: UNDTCD/GWS, 1981

Note: 1) Average calculated values obtained from Walton, Hantush, Theis and De Glee methods.

2) Average of several values.
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TABLE V.2.5

Unionwise Permeability Values of the Main Aquifer for selected thanas in the study area
(Data Source: IDA/DTWII, 1991) .

District Thana Union Thana Union
Average Average]
(m/day) (m/day)
Brahmanbaria Sarail Chunda 25 21
Noagaon 36
Shahjadpur 25
Shabajpur 23
Sarail 28
Paniswa 19
Brahmanbaria Badhanti 31 40
Chandura 27
Hopur 32
Singarbil 18
Paltan 24
Bashudeb 33
Machhihola 34
Brahmanbaria 40
Nabinagar Sreerampur 35 33
Shyamgaon 33
Rasilabad 30
Bitghar 47
Kallolla 32
Kasha Monlanda 25 31
Mirgram 27
Bodair 18
Comilla Brahmanpara Madhabpur 25 22
Chandla 24
Baramanpara 21
Shahedabad 24
Brahmanpara 24
Shaplador 35
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TABLE V.2.5 (Contd)

District Thana Union Thana Union
Average Average
(m/day) (m/day)
Muradnagar Akabpur 29 3l
Bangora 28
Purbadhoir 32
Sreekail 20
Chapitala 23
Nabipur 23
Dhamghar 33
Debidwar Barashalghar 22 20
Gunaighar (N) 22
Gunaighar (S) 23
Rajmehar (N) 19
Rajmehar (S) 24
Dhamti 23
Daudkandi Jogalipur 31 28
Balarampur 32
Nazidpur 35
Gouripur 28
Sundulpur 30
Mohammadpur 32
Maruka 24
Pachgosla 30
Daudkandi 36

Note: Permeability, K, calculated using, K
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The transmissivity of the main aquifer ranges from 300 to as high as 1790 m/day (Tables V.2.3 and V.2.4).
As can be seen in Figure V.2.8, high values of transmissivity occur within the central part of the area, in a strip
extending from the present Meghna niver valley at Daudkandi on the north-west to the south-west part of the
Comilla district. This trend seems to extend to south-east in the Noakhali district. The northeastern region of

the area exhibits the lowest transmissivity values where it is approximately 298 m?/day.

Values of storage co-efficients, computed from records of pump test data (Table V.2.3), range from 9.5 x 10
to 4.1 x 107, Comparison of transmissivity versus storage co-efficient values indicates that the lowest values

of storage co-efficients have been found in almost the same area where the transmissivity is the highest.

The permeability of the upper clay, as determined by MPO (1990) (Table V.2.4), ranges from 0.04 to 0.10 m/d
while the permeability of the main aquifer determined by the IDA/DTWII (1991) (Table V.2.5) for selected
thanas in the Comilla and Brahmanbaria distnict ranges from 22 to 35 m/day.

The average specific yield of the upper clay materials within the depth range of 0 - 15 m varies from 2% to
about 8% (Table V.2.4).

V2.3 Groundwater Occurrence

Groundwater in the area occurs in all hydrogeological units, all of which are in hydraulic continuity. A high
degree of continuity exists in the groundwater reservoir system which probably functions as a semi-confining
storage system. It is likely that the clay aquitard separating the upper aquifer from the lower would be either

confining or semi-confining layer.

Groundwater occurs in the area at shallow depth, except in the eastern piedmont area of the Tripura hills, and
ground water levels are at or near ground levels during the period August-September and lowest in April-May.
The lowest ground water levels range from less than 3 m below the surface in the west to more than 6.5 m in
the east (MPO, 1987). Studies (UNDTCD/UNDP, 1982); MPO, 1987 and Gumti Phase II, 1990) show that
the water table, and piezometric surface where present, rise in response to recharge during May and generally
reach their highest level in late July. Groundwater levels are semi-constant between July and October indicating
equilibrium with surface water levels and fully recharged aquifers. Groundwater levels fall from October in
response to the rapid drainage of surface water and changes in base levels. The rate of decline is highest in
October-November but with the onset of irrigation after January (resulting in the abstraction of groundwater)
large changes occur locally.

From studies carried out elsewhere in Bangladesh, groundwater movement is found to be mainly vertical,
upward in response to capillarity in the dry season and downward in response to vertical infiltration in the wet
season. Lateral transfer of groundwater is a much smaller component of flow because of the low hydraulic
gradient.

The regional groundwater flow in the main aquifer is generally towards the main river and the Bay of Bengal.
The main direction of groundwater flow, as can be seen in Figures V.2.9 and V.2.10 is generally westward -
south-west to the Meghna estuary, west and north-west to the Meghna River. The Gumti Phase I study
(1990), using dry season water levels for April 1987 (Figure V.2.10) shows a widespread depression in the
water table in Burichang and Kashba thanas illustrating a relationship between surface and groundwater and

implying flow away from the rivers towards the centre of the depression.
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Figure V.2.9
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V.2.4  Summary of Hydrogeological Findings

In nearly all of the project area the aquifer system is composed of a main aquifer of variable thickness overlain
by a semi-confining layer also of variable thickness. The aquifer is composed of fine to medium/coarse sand
with the finer materials predominating in the upper section. The thickness of the aquifer is not generally defined
from the borelogs but is in the range of 20 m to over 60 m according to the MPO (1987). The water
transmitting properties of the aquifer may be classed as moderate to good for most of the area with aquifer
transmitivities generally ranging from 500 to 1000 m*/day. The permeability of the aquifer materials is also
high.

The semi-confining layer, with permeabilities ranging from 0.05 to 0.10 m/day, is composed mainly of silty
and clayey materials and ranges in thickness from less than 3 m to over 60 m. Thick surface clays

predominantly occur in the southern part of the area.

Water levels both in the aquifer and the semi-confining layers are under natural recharge and discharge
conditions, strongly controlled by the elevation of the ground surface. The lateral movement of ground water
on a regional scale is nearly always of minor significance it compared with vertical and localized lateral

movement.
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CHAPTER V.3

HYDROCHEMISTRY
V3.1 Groundwater Quality

The first comprehensive report on the groundwater quality of the study area is made available in the BWDB
water supply paper 428 (1981) where water quality data from sampling stations and 13 boreholes in the greater
Comilla district were analysed with a view to evaluating groundwater for agriculture and domestic use. Of the
sampling stations (Figure V.3.1), five are shallow wells ranging in depth from 23 m to 45 m and two are deep
wells with depth range from 107 m to 229 m. Among the 13 boreholes where water samples have been
collected, twelve are from 86 m depth. The Survey and Investigation Division of the BADC started sampling

and analyses of irrigation water in 1980.

Table V.3.1 presents the chemical analyses of the ground water samples collected during the dry season of
1976-1979 by the groundwater circle of the BWDB while Table V.3.2 shows the results of partial chemical
analyses of irrigation water sampled by the BADC in 1980. The data presented in tables serve to provide a
general indication of the hydrochemical conditions in the study area. The groundwater quality in the greater
Comilla district (Table V.3.1) according to the report, is generzlly suitable for domestic, agricultural and
industrial purposes excepting few sampling stations and borehole sites in Daudkandi, Hajiganj and Chandpur
thanas. The total dissolved solid content and consequently salinity <xpressed in electrical conductivity in water
samples collected during 1976-1979 period for stations 85, 87 and 88 including borehole sample Nr 2Q are
associated with high chloride levels indicationing localized concentration of saline groundwater. The presence
of elevated occurrence of salinity is also indicated in Table V.3.2 for BADC irrigation water samples in

Debidwar, Brahmanbaria and Hajiganj thanas.

The chemical analyses presented in Table V.3.3 show groundwater tapped from both composite and main
aquifer has pH values ranging 7 to 10 indicating a strong trend in alkalinity. In eight of 35 analysed samples,
iron concentration in the area ranged from 0.5 to 14.4 mg/l and is far above the Bangladesh standards.
Generally, the shallow aquifer contains higher iron concentrations than the main aquifer. Extreme variation
of these values even within the same well (station Nr 85Q and 87Q). however, leads to questions as to whether
or not there were either sampling or analytical errors. The general high iron content is associated with the
ferrugineous aquifer materials of the Quaternary sediments into which the water is tapped and iron is
presumably mobilized in the groundwater due to low pH in-situ hydro-chemical conditions. Although in theory
iron can have an adverse effect uper soil structure, as well as the nuisance caused by the precipitation of a
sludge many tubewells producing water of high iron contents have been operating for 10 or more years in

Bangladesh without significant detriment to agriculture.
V3.2 Occurrence of Saline Groundwater

V.3.2.1 Previous Surveys

The occurrence of saline groundwater has been indicated in few of the BADC irrigation wells and the BWDB
groundwater quality stations (Tables V.3.1 and V.3.2) but it was not until 1985 when IDA/BADC DTW project
(1987) in its progress report published the results of water quality surveys, the problem of saline groundwater
occurrences in the former Comilla district drew the attention of policy makers. The NWP (1986) marked this
anomalous groundwater salinity problem in the Comilla region as a constraint to estimating groundwater
resource potential and to further irrigation development of groundwater.
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Figure Vv 31

Water Quality Sampling Points - Greater Comillg District
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The general quality survey of groundwater studied and documented during the IDA DTW Phase |, and reported
in the Phase [ completion report in 19835 revealed a deteroration of groundwater quality with electrolytic
conductivity (Ec) exceeding 1000 us/cm over large parts of the southern portion of greater Comilla district and
small, relatively isolated patches of poor quality water in the northern sector (Figure V.3.2). Actual sample
sites and EC variations are shown in the accompanying map where distribution of sample sites reflects actual
distribution of deep and shallow tubewells. The Figure V.3.2 showing isolated patches with EC values above
750 ps/cm and reaching over 1500 pus/cm compares with a background value of 100 and 300 us/cm. Some of

the higher salinity values seem to be surrounded by fresh water.

Apart from measuring the electrolytic conductivity (EC) of water samples by portable water analysis kits, more
comprehensive tests were undertaken at selected sites covering pH, alkalinity, chloride, calcium, hardness (total
hardness), iron nitrate, phosphate and sulphate. Field EC values and results of the above analyses are presented

in Appendix [.

The IDA DTW project during its Phase II study excluded, on the grounds of water quality, most of the thanas
in the greater Comilla district from the project but continued ground water quality survey in four thanas -
Daudkandi, Muradnagar, Debidwar and Brahmanpara - in the northemn sector where water quality was found
generally acceptable. During 1990, poor quality groundwater with EC exceeding 6000 pys/cm was encountered
at a number of DTWs in three of the four thanas, viz, Muradnagar, Debidwar and Daudkandi, with the result
that IDA DTW project authority had to suspend tubewells dnlling in 12 unions of the above thanas pending
investigations of groundwater quality (Table V.3.4),

TABLE V.3.4

List of the Thanas where further sinking of Deep Tubewells
are proscribed by the BADC for Saline Groundwater problem

District Thana Union

Comilla Muradnagar Jatrapur
Muradnagar
Dhamghar
Darora (E)
Sree Kail
Chapitora

Debidwar Gunaghar (South)

Daudkandi Maruka
Mohammadpur |
Sundulpur (East) I
Balarampur (North) |
Jagathpur (North)

Source: IDA DTW II Project, BADC, December, 1990
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Figure V.3.2

EC Variations in the Greater Comilla District
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V.3:2:2 Present Survey

Salinity surveys conducted by the IDA DTW project in 1985 and 1990-91 have indicated the occurrence of
brackish groundwater which is not associated with saline intrusion as has been indicated in NWP (1987). The

primary objectives of the present study on the saline groundwater problem are:

a) to identify the extent of occurrence of brackish water by analysis of the existing data and by collection
of additional data from the field;

b) to sample wells surveyed in 1985 to see if significant changes have occurred;

¢) to collect any other data of relevance to groundwater salinity;

d) to suggest modes of occurrence of the extensive salinised groundwater tract in the study area and
&) to make recommendations for further studies to be undertaken.

A seven day field survey was undertaken during the second week of May, 1991 to sample tubewells in selected
thanas of the project area, viz, Chandina, Muradnagar, Chandpur, Matlab, Hajiganj and Laksham. EC
variations and total dissolved solids (TDS) of groundwater samples from DTWs and HTWs at 25 sampling sites,
of which seven sites were resurveyed, were measured with the help of a portable EC-meter. The water samples

from the sampling tubewells were collected for complete chemical analyses.

The results of the salinity measurements expressed in us/cm and total dissolved solid contents of the visited sites
are presented in Table V.3.5 while Table V.3.6 shows the results of re-visited sites. Figure V.3.3 presents the
EC variations collected during the survey along with the survey results conducted by the IDA DTW Il project

field survey personnel.

The iso-electrolytic conductivity contour map prepared from these EC vanations (Figure V.3.4) presents a

number of zonings as shown below:

Zone EC variations (gs/cm)
Zone | < 500

Zone 11 500 - 750

Zone III 750 - 1000

Zone [V 1000 - 2000

Zone V > 2000

Some of the major findings of 1990-91 IDA DTW II and 1991 SER field surveys are presented below:

a) The extent of salinized groundwater occurrence in the Comilla region is far more extensive than what
was revealed during 1984/85 IDA/BADC DTW Phase [ survey (compare Figures V.3.2 and V.3.4).
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Figure V.3.3
EC Variations in the Greater Comilla District (1990 and 1991 Positions)
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b) Low EC variations ranging from 100 to less than 500 (Zone 1) indicating low chloride concentrations
and hence fresh groundwater occur along an arcuate zone flanking the Tripura foothills from
Nasimagar thanas in the north to Chouddagram thana in the south. Two slightly salinised pockets in
Chouddagram thana, one in north central and the other in extreme south, can he noticed,

c) An elongated north-south stretching belt (Zone I1, wide in the north and narrow in the south), occupies
the area immediately west of Zone 1. The zone has an EC variation ranging from 500-750 ps/cm and
contains a few isolated patches, of saline groundwater.

d) The rest of the area, west of Zone II, comprises a generally higher saline groundwater zone, with EC
variations ranging from 750 to over 6 000 ps/cm. Areas of highly salinised groundwater (EC value
over 2 000 and upto 10 000 ps/cm) are found particularly in Muradnagar, Bancharampur, Chandina,
Debidwar, Chandpur and Laksham thanas in a background EC values of 1000 and 2000 us/cm.

e) The areas marked with note of interrogation in parts of Matlab, Hajiganj, Machua, Nabinagar and
Sarail thanas represent lack of data control and zonation numbers indicated mav change considerably
after the availability of more data.

f) It is misleading to interpret that the extent of the occurrence of saline groundwater has considerably
increased in 1991 (see Figure V.3.4) in comparison 1984-85 survey map (Figure V.3.2) because of
the increased with the abstraction of groundwater by increased number of DTWs and STWs
(Tables V.3.7A and V.3.7B). The reason for such extensive occurrence is just because that more sites
of irmgation tubewells were surveyed in 1990-91 than those of 1984-85.

TABLE V.3.7A
District-wise Distribution of STWs and DTWs in operation, SER Study Area
STWs DTWs
District 1984/ 1989/ 1990/ 1984/ 1989/ 1990/
1985" 1990 ") 1991 3 1985 %) 1990 % 1991 3

Brahmanbaria 1151 2718 2847 (106) 393 420 450 (101)

Chandpur 64 210 213 (23) 50 138 187 (30)

Comilla 3 506 4371 4024 (419) 1003 1514 1394 (286)

Feni 483 284 162 (19) 79 113 74 (24)

Lakshmipur 4 18 22 (1) 0 2 24 (2)

Begumganj 187 318 149 (50) 13 38 31 (14)

Habiganj 75 64 126 (16) 37 53 35 (22)

5470 7983 7537 (634) 1575 2278 2175 (479)
(46 %) (138%) (145%) (138%)

" MPO, 1986

i AST (CIDA), June 1991

‘“ BADC, 1990

Note: Figures in parenthesis, with %, indicate P.C. increase from 1984/85, and without %, indicate

ANNEX-V
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TABLE V.3.7B

Thana Distribution of STW’'s and DTW’s (Operating)

1) STW 1) 2) DTW 3) 3) 2)
Thanas 1984-85 89-90 1990/91 84/95 89/90 1990/91
1 Akhaura 24 159 156 (6) 10 13 23 ()
2. Bancharampur 21 475 411 (6) - - 13 (2)
3= Brahmanbaria 498 697 956 (38) 158 169 187 (20
4 Kasba 342 413 401 (17) 107 103 92 (30
5% Nabinagar 27 210 123 (211 19 19 34 (13
6. Nasirnagar 76 413 516 (12) 22 24 11 (13
T Sarail 163 351 284 (14) 17 92 92 (22
8. Chandpur 8 5 22 (0) 9 11 16 (0)
9. Faridganj g 0 9 (0) = = =
10. Haimchar 1 0 0 (0) — = =
11. Hajiganj 8 3 14 (4) 2 2 12 (0)
12. Kachua 15 175 8 (2) 15 73 88 (21
13. Matlab 18 182 158 (17) - 2 6 (0)
14, Shahrasti 9 3 2 (0) 24 50 65 (9)
15. Barua 509 682 651 (68) 69 109 86 (36
16. Brahmanpara 162 276 318 (19) 17 51 69 (7)
Y Burichang 448 540 406 (59) 118 150 126 (20
18. Chandina 165 217 256 (14) 81 142 134 (26
19. Chauddagram 392 265 218 (35) 161 219 183 (&
20. Daudkandi 101 218 196 (9) 34 76 B4 (6 {
21, Debidwar 345 352 393 (21) 61 85 82 (1 I|
22. Homna 43 378 407 (21) = = =
23. Comilla 717 646 410 (68) 273 361 300 (27 l
24. Laksham 572 480 496 (85) 162 221 178 (600
25. Muradnagar 28 152 106 (15) 10 48 62 (12) 3
26. Nangalkot 24 165 167 (7) 17 52 69 (22 :
27 Chagalnaiya 64 15 - - - -
28. Daganbhuiya 7 19 24 (0) 24 16 13 (2)
29. Feni 263 114 135 (19) 63 81 54 (22
30. Fulgazi 104 - - - = =
3. Parsuram 21 134 = 1 10 -
32. Sonagazi 24 2 3 3 6 7
33 Lakshmipur 2 17 18 (0) - 2 14 (1
34. Raipur 0 I, - - - -
85, Ramganj 2 6 4 (1) 0] 0 0 (1)
36. Ramgati o] 0 0 6] 0 0
37 Begumganj 146 197 52 (42) 1 1 1 (L)
38. Chatkhil o] 2 0 (0) 0 0 0 (3)
38k Companyganj al 1 0 (0) 0 (o] 0 |
40. Shudharam 3 0 0 (0) o] (o} 0 !
41. Senbag 37 118 97 (8) 12 37 30 (10)
Madhabpur (65) 75 64 120 (16) 37 53 35 (22)
Habiganj
1) MPO, 1986
2) AST (CIDA), June 1991
3) BADC, 1990
Note: Figures in parenthesis indicate no. of wells not operating.
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A fresh saline groundwater helt seems to extend from Barura thana through Kachua and then through

=

the northern part of Matlab thana between the salinized zones of Chandpur - South Matlab and
Daudkand: through a palaco channel (Figure V.3.4). This assumption awaits verification pending
further studies,

h) The fresh groundwater zone [ (with EC less than 500 ps/cm) parallels the arcuate Lalmai deltaic plain
and the fresh water seems to be recharged from outcropping Dupitilla and Tipam sandstone of the
Tripura hills in the east. The extensive saline groundwater belt corresponds to the Chandina Deltaic
Plain where the groundwater is tapped from the upper 100 - 125m semi-confined aquifer that underlies

the Holocene estuarine deltaic sediments of the Chandina formation.

1) EC measurements during the present survey from seven resurveyed wells in Muradnagar, Chandina
and Chandpur thanas could not establish whether groundwater quality 1s continuing to deteriorate or
improve by reference to 1985 observations (Table V.3.6) as salinity of groundwater tends to decrease

or remains the same.
V.3.3 Chemical Analyses

Most natural waters contain few dissolved inorganic constituents in cations and anions in chemical equilibrium
with one another. Ordinarily, the most abundant cation constituents are two alkalies (Ca and Mg) and (Na
and K). In the geochemical classification of Piper (1942), alkaline cations (Na and K) are called primary
constituents and the alkali earths cations (Ca and Mg) secondary constituents; the strong acid anions (SO,, Cl
and NO,) as saline constituents and weak acids comprise CO, and HCO,. Mutual balancing of these anions
determines the chemical character of water. It ascribes primary salinity to a water to the extent that alkalies of
water are halanced by strong acids and secondary alkalinity to the extent that alkaline earths (Ca & Mg) are
balanced by weak acids. Further, it ascribes pnimary alkalinity to the extent that alkalies exceed strong acids
and are balanced by weak acids and secondary salinity to the extent that alkaline earths exceeded weak acids
and are balanced by strong acids.

To study origin, chemical character and quality of groundwater in the area 25 water samples were collected and
sent to the Bangladesh Rice Research Institute (BRRI) for complete chemical analyses covering the determination
of salinity (specific conduct). pH, SiO,, Ca, Mg, Na, B, Bi-Carbonate (HCO,), Chloride (Cl), Sulphate (SO,),
Nitraite (NO3), Total Hardness (TH) and Total Dissolved Solids (TDS). In absence of the availability of these
results at the time of the writing up of this report, presentation made here on the chemical analyses and their
interpretation is based on secondary source of data.

Table V.3.8 presents the results of complete chemical analyses of seven well samples collected and analysed
by the DTW II project of BADC (1991) from Daudkandi and Muradnagar thanas. The results are compared
with the chemical analyses of groundwater samples collected from the area south of Calcutta as both the
Chandina Deltaic plain, wherein lies the aquifer system of the project area, and the Calcutta have the similar
geomorphic, sedimenttological and therefore geohydrological histories (Umitsu, 1985, 1989). The chemical
composition of the groundwater of the region is compared with estuarine river water samples (Hiooghly river -
samples collected during dry and wet season), normal sea-water, sea-water from areas around the St. Martin’s
Island and also the Miocene Pliocene formational water of the folded belt adjoining the Tripura Hills
(Tables V.3.9 and V.3.10). Weight ratios of ions of various water sources - river, sea, groundwater collected
both from the study area and from the Calcutta surface, formational water collected from Miocene gas bearing
reservoir rocks - are also computed to interpret the origin of the water (Tables V.3.9 and V.3.10). Brief
comments are also made on the suitability of groundwater tapped in the upper aquifer system in Muradnagar
and Daudkandi thanas.
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Z/  Figure V.3.4
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TABLE V.3.8

Comparison of Chemical Constituents of Saline Group Water Samples
Extracted from Upper Shallow aquifer (90-150m) between the Calcutta
Surface and Chandina Deltaic Plain (Tipperah Surface)

Calcutta Surface Chandina Deltaci Plain

(West Bengal) * (Tipperah Surface) **
Chemical Calcutta  Area South Area North Daudkandi Upazila Muradnagar Upizilas
Properties City of of well no well no

Calcutta Calcutta Daud- Daud- Daud- Mur-  Mur-  Mur- Mur-

a9 38 20 4 50 42 9

EC (/us/cm) 1596 1298 599 1100 872 3430 5600 1000 6240 3280
TDS (mg/1) 770 610 2195 3584 700 4368 2240
pH 7.72  7.88 - 8.1 8.27 694 7.12
Ca (Megq/1) 5.48 4.00 3.95 2,70 3.20 3.80 5.15 1.44 875 4.17
Mg (Meq/1) 4.35 2.38 1.90 3.08  2.67 7.90 10.41 3.75 175 -
Na (Meq/1) 6.52 6.20 1.30 4.78 3.48 38.0 39.56 6.74 40.2 25.50
K (Meg/1) 0.16 0.12 0.03 0.08 0.08 0.26 0.32 0.26 0.89 0.53
CO; - (Meg/1) - - - 0.03 0.03 - 1.32  1.30 6 -
HCos- (Meq/1) 7.90 6.66 6.37 2.60 2.70 2.92 4.23  6.10 3.4 B8.00
Cl- (Meq/1) 9.05 6.88 0.42 7.91 5.71 36.0 43.00 2.00 489 24.80
S04- (Meq/1) 0.15 4.70 0.15 0.00  0.00 - - 0.22 5.2 0.15
B (Meq/1) - 0.11 0.11 - - - - 0.22 0.3 0.50
F (Meq/1) » - - - - - - -
CI/HCO,
Wt. ratio 0.70 0.56 0.03 1.77 1.23 7.16 59 0.19 836 4.23
Ca/Mg Wt. ratio  2.15 3.00 3.57 1.45 1.97 0.79 0.81 0.63 0.82 -
Na/Cl Wt. ratio 0.88 2.09 0.98 0.39 0.39 0.68 0.60 2.18 0.53 0.66
Ca/Na Wt. ratio  0.90 1.63 3.62 0.49 0.80 0.08 0.11 0.18 0.19 0.14
Na/Mg Wt. ratio  3.22 1.04 1.32 293 246 9.09 7.18 339 434 -

* G.S.L Proc. Seminar, 1972

**  DTW2 Project BADC, 1991.
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Some of the finiings based on the chemical composition of above sources of water are presented below.,

a) Groundwater of the area and also of the Calcutta surface can be divided into two broad zones -
groundwater from upper zone of saturation or unconfined to semi-confined aquifer and groundwater
belonging to lower zone of saturation or confined to semi-confined aquifer. The upper group of aquifer
occurring down to about 140 m is highly mineralised. Tt is not known whether the water bearing lower
aquifer in the study area is fresh or mineralized but the lower group of aquifers occurring between 150
to 350 m below the Calcutta surface is essentially fresh. However, water samples collected for
analyses in the study area might belong to several water bearing zones and the water would be mixed
water from more than one aquifer.

b) The water quality in the study area is quite variable, characteristic conductivity value found to be over
1 000 ps/em, though in the area adjoining the Tripura Hills in the Lalmai deltaic plain and the eastern

portion of the Chandina deltaic plain the value is less than 750.

<) Groundwater in the Calcutta surface is alkaline earth bicarbonate type an that of Chandina surface 1s
a mixed type sodium chloride and alkaline earth bicarbonate types (Tables V.3.11 and V.3.12).

TABLE V.3.11

Quality Classification of Groundwater, SER Study Area

Thana DTW Total Hardness Non-carbonate Na% SAR RC Remark

|
No. (ppm) Hardness (NCH) (mg/1)
in ppm |
|
Daudkandi Daud-59 289 157.5 46 2.8 - Hard groundwater,
low saline hazard.
do Daud-38 293 157 3775 2.04 - do
do Dzud-20 585 439 76.6 10.27 n do
Muradnagar  Mur-4 778 500 72 14.2 - Hard groundwater
and moderate sodium
hazard.
do Mur-30 260 - 57 4.1 2121 Hard ground water

with residual sodium
carbonate problem.

do Mur-42 1313 1112 61 11.05 - Very hard ground-
water with moderate

sodium problem.

do Mur-9 208 - 86 17.6 3.83 Moderate to mode-
rately high sodium
hazard with sodium
carbonate problem.
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TABLE V.3.12

Hydro-geochemical Characteristic of a part of Lower

Gangetic Plains (Calcutta Surface), West Bengal, India.

Sl Location Region Geohvdrological Average Water
No. Characteristics Water Quality Type.
Lower Gangetic  Calcutta Intercalated bheds Chloninity av. 300 ppm,  Alkaline carth
Plain (Calcutta of clay, sand & Fe av. 0.5 ppm bi-carhonate type
Surface) silt: peat beds and TDS normally
Kankar common; 100 ppm (Ec = 1430/us/cm)
groundwater occurs  Ferrugenous water
under unconfined with high Mn., extremely
to confined state. hard water.
Ji do 24-Parganas, TDS below
area north of do 300 ppm, CI below do
Calcutta. 50 ppm
2, do Area south of Intercalated beds TDS av. 1000 ppm,
Calcutta clay, silt and Chlornity.av. 2200 ppm, Mixed Type.
sand. (av. 2.5 mg/l)
3 do Coastal Tract, Pockets of fresh TDS highly do.
24-Parganas & ground water. variable.
| Midnapore.
Source: G.S.1. Proc. Seminar, 1972
d) Concentration of Na and Cl ions is dominant in samples Mur-42 and Mur-9 indicating primary salinity
| (Table V.3.8).
I - . - . . . - .
e) CI/HCO3 weight ratio provides indication of probable contamination of fresh groundwater with sea

water. In samples Daud-59 and Daud-38, this ratio exceed 1 but less than 2 indicating slight
contamination but in samples Daud-20, Mur-4 Mur-42 and Mur-9, the value exceeds 4 indicating
strong contamination with sea water (Table V.3.8). CI/HCO; ratio for groundwater in the Calcutta
surface is less than 1 (Table V.3.8) indicating slight or low contamination.
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g)

h)

1)

Sea water with average salinity has a Na/Cl weight ratio of 0.556 or less, fresh water 0.8-1.1 and
freshwater contaminated with sea water 0.50-0.78 (Handa, 1972). The Na/Cl weight ratio of
groundwater collected from Daudkandi and Muradnagar (Table V.3.8) indicates brackish nature of the
water with very little fresh water contamination with the exception of sample collected from Mur-20
(Na/Cl 1s 2.18). Na/Cl weight ratio values for the Miocene formation water indicates that the water
1s brackish but is flushed by fresh water (Na/C1 ratio varying from 0.7 to 0.9).

In Mur-4 and Mur-42 wells (Table V.3.8) the Ca-ions (in terms of meq/1) exceed or equal the total
of HCO; + SO, ions (in terms of meq/1) indicating the presence of CaCl,. Since C,IC1, is highly
hygroscopic, the presence of this constituent in the area is related to the process of base exchange, by
virtue of which the sodium ions present in groundwater are exchanged for Ca-ions present in the clay
complex present in the path of circulation of sub-terranean water.

A study of the occurrence of residual sodium carbonate (RSC or RC) viz, HCO, - Ca+Mg in terms
of meq/l for seven wells in Daudkandi and Muradnagar (Table V.3.11) indicate that Mur-9 and Mur-50
water samples have RSC value exceeding 2 meq/1 indicating that in some of the study area Mg and
Ca ions present in the groundwater are being exchanges for Na ions present in the clay complex, with
the consequent depletion of alkaline earth ions in groundwater with the result that the value of RSC
tends to increase,

Total hardness contents (Table V.3.11) range (except well no. Mur-9) from 260 to 1313 indicating that
groundwater is moderate hard to very hard.

The sodium absorption ratio (SAR), a valuable criterion for determining the suitability of water for
irrigation purposes, is directly related to the absorption of Na by soil. It is given by concentration of
Na, Ca, and Mg in meq/] as follows:

Na
SAR =

(VCa + Mg)
2

The SAR value for water samples analysed (Table V.3.11) range from 2.04 to 17.6 indicating low to high
sodium hazards (SAR > 10.00 is regarded as low sodium hazard).

V.3.3.1

Effect of Saline Groundwater

High salt concentration in groundwater used for irrigation has adverse effect on both soil and consequently on

crop. Two such cases reported below:

a)

ANNEX-V

Salinity problems in Laksham - The DTWs and STWs in southern portion of Laksham thana face
salinity problem. Extensive area including no. 23 Natherpetua and Uttarda unions is affected by
salinity problem. One DTW at Uttarda union (JL 278, Plot 154) has a command area of 72 acres.
The EC measured from water samples collected from the DTW during the field survey undertaken by
project personnel in May 16, 1991 was found to be over 6000 us/cm whereas the water samples
collected from HTWs showed EC variations ranging from 1400 - 2900 us/cm. The boro paddy grown
with water the DTW and HTWs was totally damaged. Similar crop damages were reported in other
unions visited in the southern Laksham
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h) Yusufnagar, Muradnagar thana:  Table V.3.13 demonstrates how DTW yielding saline groundwater
destroys both the soil and crop. The DTW water has an EC of 5600 yus cm indicating extreme salinity
which makes the water unsuitable for irngation. The chemical analysis presented in Table A shows
that the water is quite alkaline (pH 8.1) and has high concentration of Na and Mg relative to Ca and
K which is likely to create ionic imbalance in the soil with adverse effects on plant nutrition. The high
pH of the water coupled with high HCO, and CO, concentration will probably create micro nutrient
deficiencies in the soil.  Soil analysis shows that the soil of the DTW command area has already been
salinised to some extent. Continuous use of the saline DTW water for irrigation is likely to hasten the

process of salinization and alkalization resulting in a bleak future for crop production.
V.3.4 Origin of the Saline Groundwater
The saline groundwater in the study region occurs in two forms:
- one occurs at a depth hetween 20m to about 150m in the coastal area of the greater Noakhali district;

- the other occurs either as isolated patches or as extensive area between 15m to about 100m in the

greater Comilla district.

The occurrence of saline groundwater in the first region is determined from log analysis and empirically from
Ghyben-Herzherg relationship and the source of saline water is the saline water intrusion from the sea while

for the second area, the saline groundwater occurrences are not related to sea water intrusion.

The source of the poor quality brackish ground-water in Muradnagar, Daudkandi, Debidwar, Chandpur, Hijiganj
and Laksham thanas is not adequately known. One probable explanation is that the saline water could be drawn
up from deep seated gas bearing Miocene sediments in the Comilla region under the control of geological
structures, most possibly the crests of anticlinal structures or faults that either cross the anticlines or parallel
the folds (Figure V.3.5). The other explanation could be that the occurrence of saline groundwater is related
to the entrapment of seawater during regression and transgression phase of the land formation during the Late
Quaternary or to the entrapment of connate saline water in the Holocene sediments (thick clay blanket over the
salinized aquifer and lack of possibility of upconing of saline groundwater from the subsurface because of
groundwater mining in the area provide support to the idea).

Source of the saline groundwater in the region cannot be ascertained without:
a) a detailed and systematic survey of all the operating tubewells - HTWs. STWs and DTWs.

h) a systematic chemical analyses of groundwater from selected sites (HTWs, STWs and DTWs in order
to study the variation in the chemical quality of water with depth).

c) isotopic analyses of the salinized groundwater for age dating (14. for age dating and S$°H, S18; and
S13,. for environmental isotopic studies).

d) chemically analyses of Miocene gas bearing formational water froma the gas fields (Bakhrabad, Titas,
Feni and Begumganj).
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Figure V.3.5

Saline Ground Water Occurrences and Subsurface Structures
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TABLE V.3.13

Effect of Saline Groundwater on Soil aund Crop
(Cuse Study: Yusufnagar, Muradnagar)

TABLE A. Chemical analysis of water samples collected from DTW at Yusufnagar. Muradnagar
(sample tested on 20/4/89 from DTW-40, Mur-4)

pH EC
(ps/cm) Na K Ca Mg Fe Mn Zn Cl co3
HCO3
(PPM) (PPM) (PPM)

8.1 5600 3956 032 5.15 10.41 4.0 0.29¢ Q.1 4298 1.32 4.23

TABLE B. Analysis of Soil Sumples collected from Yusufnagar, Muradnagar

Spot  Location pH EC CEC Exchangeahle Cations
(us/cm) (meg/1009) (meg/1009)
Ca Na K Mg

1 Yusufnagar
DTW Project 6.31 998 18.56 8.0 2.08 0.19 4.6
Near Pump at
slightly
elevated land
(not water
logged)

12

Yusufnagar 5.59 3210 19.99 6.4 2.78 0.18 5.2
Near pump

Low land

(water logged)

Yusufnagar 5.40 208 22.85 7.0 052 032 3.6
Dryland,

tillage

completed for

jute

(not serviced

by DTW)

Data source: IDA/BADC DTW I1, 1991
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CHAPTER V.4

ASSESSMENT OF GROUNDWATER RESOURCE DEVELOPMENT POTENTIAL

V.4.1 Previous Work

The first comprehensive national/regional assessment of groundwater resources in Bangladesh was undertaken
within the first phase of the National Water Plan. During the second phase a re-assessment of resource potential
took place using additional data which had been collected from special study areas and the feedback from the
significant groundwater development which had since taken place. The optimum development of groundwater
was derived hy the Master Plan Organisation (MPO) with the use of a \aniety of simulation models. These

models have a number of huild-in constraints, which are given below:
- Recharge.

Potential recharge, defined as the maximum possible rate of recharge to an infinite sub-surface
reservoir was tuken as the upper limit of resource potential. The recharge was related only to natural
sources such as rainfall and flooding and did not take into account of the recharge from surface water

irrigation return flow.

The potential recharge is sensitive to a number of key parameters. These include the deep percolation
characteristics of the sub-soil, the rainfall during the pre-monsoon and monsoon season, and the extent

and depth of flooding. The extent of flooding is closely associated with the flood phase distribution.

Within the analysis procedures of the MPO different recharge types are defined, viz. usable recharge
and available recharge. Usable recharge was taken as 75 per cent of the estimated mean potential
recharge.  Available recharge is an areal modification of the usshle recharge values to account for

development constraints such as groundwater salinity, topograph:. etc.
- Pump and well technology.

The main constraint for suction mode technology such as used by shallow tubewells (STW) and deepset
shallow tubewells (DSSTW) is the maximum allowable or operauonal depth to pumping level. The
depth was set at 7.0 m for STW and 9.0 m for DSSTW, assumng a 2.0 m deep pit. [t should be
borne in mind that this is an average setting value and should probably be seen in the context of F2
or F3 land. Deeper settings (pits) are known to exist in various parts of the Atrai basin. Deeper pits
are common in other countries such as Pakistan and India. Assumung a setting of 4.0 m below ground
level makes a considerable impact on the available resource. The deeper pits should perhaps be viewed

in the context of the higher lands.

For DTW no suction lift constraint exists but limits were based on the general setting of the pump
intake at 20 m helow ground surface. This is common for many existing wells, there is, however,

generally no reason to exclude greater depth settings for the pump intake.
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- Hydraulic constraints of the aquifer system.

ANNEX-V

Low aquifer transmissivity will cause excessive drawdown in the tubewell if high abstraction rates are
used.  The use of low capazity pumps may be possihle under these conditions, although economic

viahility may become a constraint.

A high hydraulic resistance of the clay layers which overly the aquifer in most of the countrv can
constrain the vertical downward leakage (recharge) to the aquifer to the extent that it is less than the
rate of potential recharge (sec above). In the majority of the country this forms no serious constraint

for force mode units.

The hydraulic resistance, if high, can cause important hydraulic head differences between the water
table and the piezometric level in the aquifer, which adds to the depth to the pumping level in the

wells.

The MPO assessment of resource potential assumed an aquifer system comprising two aquifer units,
a main aquifer and a composite aquifer, which are assumed to be in free hydraulic contact, overlain
by a clay/silt aquitard, In many parts of the south east region (see Chapter V.2) the main aquifer is
separated from the composite aquifer by extensive layers of clay. It should be borne in mind that STW
abstract water mainly from the composite shallow aquifer, while deep tubewells have their screen set
in the lower main aquifer. The occurrence of mid-aquifer clay layers will cause an increase in the
depth to pumping level for DTW and thus limit the resource potential to levels below those derived by
the MPO.

The thickness of the upper clavs may form a constraint on the normal methods of construction of STW
and DSSTW.

Groundwater salinity.

In major parts along the southern coast of Bangladesh brackish/saline water of marine origin renders
the groundwater unsuitable for irrigation and water supply. In addition extensive areas are found in
the central and western parts of the study area where groundwater salinity exceeds 1000 uS/cm. and
1s in the range of 2000-8000 xS/cm in localised areas (see Chapter V.3). For EC values in excess of
2000 puS/cm groundwater becomes unsuitable for irngation of rice. Yield decreases may result with

slightly lower salt concentrations whilst seriously impairing cultivation if higher.
Additional constraints imposed by the MPO.

The MPO has introduced additional planning constraints, which reduce the resource potential, yielding
the available recharge as defined above. These include:

- adverse soil conditions, such as saline soils and peat soils;
- difficult terrain such as deep flooded and hilly areas;

- surface water irmigation projects.
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Some of these constraints should be reconsidered since some are inappropriate or unnecessary in a
regionally continuous aquifer, particularly those related to terrain and to surface water irrigation
projects. Terrain irregularities are not always grouped in one large contiguous area and groundwater
development may well be possible in close proximity of such classified lands. Likewise in existing
irrigated areas there is probably scope for using groundwater to irrigate areas which are out of
command of the surface water system or ditficult to command. Surface water irrigation in effect
enhances the resource availability and conjunctive use of surface water and groundwater should be

considered as a viable development option.

Deep flooded areas although not suitable for tubewell irrigation, especially by fixed force mode units,

do contribute to recharge which could be used in (and pumped from) immediately adjacent areas.
Other factors considered include:

- higher prionty groundwater users (e.g. potable supplies), and
- financial and economic viability of tubewells and groundwater development, i.e. it may be
inadvisable to proceed beyond the potential of suction mode units where the incremental

benetits of force mode technology are small.

For the south east region the groundwater resource availability without planning constraints as estimated by the
MPO (June 1987) is shown in Table V.4.1. Table V.4,2 gives the resource potential with the imposed planning
constraints. The reserves for potable water supply represent only 5 per cent of total potential, although in
Planning Area 10 all available fresh groundwater is reserved for potable use.

TABLE V.4.1

MPO 1987 Estimate of Available Groundwater without Planning Constraints

Planning Annual Recharge (Mm?) Available Groundwater (Mm?)
Area Potential Usable Conserved Stored Total
Basetlow Recharge Available
29 1924 | 443 188 1 086 1274
31 1671 1253 273 739 1012
32 1013 760 195 392 587
33 1439 1079 168 761 929
34 460 345 75 178 253
35 884 663 168 366 534
36 518 389 n.d. n.d. n.d.
Total 7909 5932 1 067 3522 4 589
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TABLE V.4.2

MPO 1987 Estimate of Available Groundwater with Planning Constraints

Planning Maximum Available Pot/Ind. Potential
Area Resource (Mm’) Reserves (Mm?®)
29 544 15 529
3l 530 21 509 J
32 51 16 35 1
33 501 23 478
34 193 11 182
35 10 10 0
36 4] 6 35
Total 1 870 102 1 768

The resource potential was re-assessed during the second phase of the National Water Plan (NWP II). The
| potential recharge and resource potential without planning constraints were re-evaluated on an thana basis. In
| the assessment account was given of the effect of local relief differences (flood phases) on the available modes

of pumping. The results are summarised in Table V.4.3. In all cases the potential for one cusec DTW is

greater than that of two cusec DTW because of the reduced specific drawdown values. The table presents
information related to each thana and does not consider any constraints, not even the salinity constraint. The

much 1ncreased resource utilisation potential of force mode units needs to be noted, the smaller capacity 30 I/s

(DTW1) units showing the maximum potential.

| In the assessment undertaken by NWP II of groundwater resource potentials (not yet published) no account is
taken of the beneficial effects of surface water Low Lift Pumps (LLP) on recharge and consequent groundwater
development potential. In Section V.4.2 a re-evaluation of groundwater resource potential is given which takes

account of surface water irrigation.

Table V.4.4 gives a comparison between estimated net groundwater use in 1989/90 and the unconstrained
resource potential as prepared by the MPO. For a significant number of thanas the present groundwater use
exceeds the limits on STW and sometimes even DSSTW resource potential, this despite the fact that large
numbers of STW are in operation in the study area. There are several factors to be considered in this context,

but primarily the main questions relate to the actual abstraction characteristics of the groundwater abstraction
units, depending on:

- rainfall characteristics;

- Crops grown;

- working efficiency of the units;
- availability of fuel/power, and

- deep percolation characteristics of the soils.
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TABLE V4.3

MPO Estimates of Resource Potential (1991) without (mm/unit gross area)

Thana Thana Area MPO GW Potential (MCM) Potential (mm/unit gross area)
Code Narme Disirict km’
STW DSSTW DTWI1 '| DTW2 STW DSSTW DTWI DTW2

302 Madhabpur Haihiganj 279 14 30 141 96 40 106 504 344
362 Nasiragar Brahmanbaria 313 17 41 122 05 54 13| 390 304
437 Sarail Brahmanbana 212 14 31 143 98 66 146 675 462
87 Brahmanbaria Brahmanbaria 416 0 21 189 77 0 50 454 185
14 Ashuganj Brahmanbaria 119 1 6 35 17 8 S0 104 143
42 Bancharampur Brahmanbaria 207 20 37 03 93 97 179 440 449
345 Nabinagar Brahmanbana as2 6 22 108 68 17 63 307 193
249 Kasha Brahmanbaria 207 21 38 105 86 101 184 507 415
6 Akhaura Brahmanbaria 23 7 23 70 66 75 247 753 710
204 Homna Comilla 178 14 27 91 75 79 152 511 421
343 Muradnagar Comilla 341 22 37 144 105 65 109 422 308
88 Brahmanpara Comilla 119 17 32 77 66 143 269 647 555
125 Daudkandi Comilla 375 16 32 137 80 43 85 365 237
130 Dehidwar Caomilla 235 20 3s 135 9] 85 144 574 87
90 Burichang Comilla 181 12 22 79 61 66 122 436 337
04 Chandina Comilla 202 8 19 82 57 40 04 406 282
53 Banurz Comilla 240 14 28 120 75 58 117 500 313
a7 Kotwali Comilla 77 24 46 135 111 87 166 487 401
287 Laksham Conilla 427 22 42 190 113 52 98 445 265
111 Chouddagram Conilla 271 7 18 88 54 26 66 325 |09
356 Nangolkot Comilla 235 12 27 106 97 51 115 451 413
312 Matlab Chandpur 409 0 32 147 92 0 78 359 225
225 Kachua Chandpur 238 8 21 89 53 34 88 374 233
96 Chandpur Chandpur 287 16 34 164 102 56 118 571 355
195 Hajigan Chandpur 157 5 11 56 27 32 70 357 172
447 Shahrasti Chandpur 186 5 16 89 38 27 86 478 204
155 Faridganj Chandpur 235 4 15 76 40 17 64 323 170
194 Haimzhar Chandpur 186 3 17 107 55 16 91 575 296
411 Ramganj Lakshmipur 170 7 14 52 38 41 82 306 224
405 Raipur Lakshmipur 202 0 12 59 39 0 59 292 193
288 Lakshmipur Lakshmipur 515 7 20 191 82 14 56 3 159
413 Ramgati Lakshmipur 650 0 28 163 96 0 43 251 148
102 Chatkhil Noakhali 134 3 8 35 21 22 60 261 157
58 Begumganj Noakhali 409 15 28 93 57 37 68 227 139
445 Senhagh Noakhali 160 7 13 50 30 44 81 313 188
459 Sudharam Noakhali 828 4 38 207 108 5 46 250 130
116 Companiganj Noakhali 189 3 25 123 68 16 132 651 360
120 Daganbhuiyan Feni 132 - 9 43 23 30 68 326 174
465 Sonagazi Feni 259 11 22 139 81 42 85 537 313
161 Feni Feni 221 5 16 95 R} 23 72 430 199
104 Chhagalnaiya Feni 157 2 8 41 20 13 51 261 127
166 Fulgazn Feni 108 0 53 22 0 46 49] 204
388 Parsuram Feni 72 4 39 22 56 83 542 306

STW Maximum total potential at which STW stop operating on F2 land

DSSTW  Maximum total potential at which DSSTW stop operating on F2 land

DTWI1  Maximum total potential for | cusec DTW on all land

DTW2  Maximum total potential for 2 cusec DTW on all land
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In the comparison it was assumed that tour STW were equivalent to a single two cusec DTW and that each two
cusec unit irrigates 16 ha. The 16 ha is in reasonable agreement with the command areas given by the MPO
during the first phase of the National Water Plan. Recent AST CIDA information indicates higher per unit

coverages, however the 16 ha per two cusec unit was retained for the current analysis.

The cause of the difterence hetween present groundwater use and MPO’s estimate of STW and DSSTW
potential could be the over-estimation of existing abstraction volumes as defined above, or alternatively it could
be due to the fact that the beneficial effect of LLP irrigation was not taken into consideration. In many
instances the magnitude of the differences are such that rational adjustment of the first factor could not account
for the mismatch. Yet another cause could be the rather conservative estimates of a number of key parameters
that dictate the results of the various groundwater models. The parameters related to the groundwater models

are associated with the:

"~ thickness of the upper clays, which, judging from lithologic evidence in the IDA DTW project area,

is sometimes overestimated by the MPO,

- depth dependent specific yield values, which are likely to be underestimated; higher values had to be
used in the detailed calibration of the MPO special study area in Debidwar: in general the values

tfollowing from lithologic interpretation of [IDA DTW logs are also higher than those used by the MPO,

- transmissivity values, which, in certain cases, are lower than those obtained from the IDA DTW

project. although in general there is good agreement.

The groundwater resource evaluation for the onginal Gumti Phase 2 study relied totally on the MPO work done
during the first phase of the National Water Plan, values of groundwater potential differed little from those

presented by the MPO and are in effect marginally modified copies of the latter.

vV.4.2 Groundwater Development Potential in the Study Area
V.4.2.1 Approach

The groundwater resource potential was re-evaluated using similar modelling techniques to those developed by
the MPO and with use of a newly developed model.

The initial assessment of the resource potential without planning constraints has been based on the values denved
by the MPO but taking account of existing surface water irrigation from LLP. The impact of flood protection

on the potential recharge and thus the upper limit of the resource availability was also assessed.

A single cell thana model (SCMTM) was developed to analyse groundwater resource potential in more detail

in a selected number of thanas.

ANNEX-V V-60




v.4.2.2 Effect of Flood Protection on Potential Recharge

The implication of flood protection on potential recharge was evaluated with the MPO recharge model. In this
model only recharge from natural sources is considered and thus the beneficial effects of surface water irrigation

are not taken into consideration.

In the recharge model. a4 synthesised flood hygrograph was used for different sub-regions. Each hygrograph
was kept constant for each of the 17 years which cover the simulation period. Ramnfall was allowed to vary and
was based on rainfall records for the historical period from 1972 to 1988. Real flood hygrographs are as yet
not available and will require a considerable amount of time to be incorporated in the data base of the model.

The synthesised flood hygrographs were compared with a few actual situations and found to be representative.

The case of full flood protection was compared with the natural case, whereby with full flood protection a
complete removal of flooding i1s imposed on all flood phases. The synthesised flood hygrographs for the natural

case is shown in Figure V.4.1.

The comparison between the mean values of potential recharge and the coefficizents which define the linear
relationship between annual rainfall and potential recharge are shown in Table V.4.5. It also shows the minima

and maxima for both rainfall and recharge.

The reduction in potential recharge can be very large, especially during dry monsoons, and is strongly related

to the proportion of total land which is normally flooded (particularly F2 to F4 land).

Potential recharge was checked against maximum resource potential derived by the MPO for 1 cusec DTW
development. It was found that it has an effect on the resource potential in only nine out of the 36 thanas for

which potential recharge could be calculated.

The reduction in potential recharge, although dramatic, should, however, not be directly related to a reduction
in groundwater resource potential, since other factors such as land availability and well technology often control

the limits on resource development, as will be shown in Section V.4.2.3.

Three thanas, Faridgan), Kasba and Nabinagar, were selected to study the effect of partial flood protection on
potential recharge. Firstly it was assumed that only F2 land was protected from flooding, secondly, both F2
and F3 land were protected. Partial flood protection was simulated by simply lowering the maximum flood
levels as is shown in Figure V.4.1. The implication of partial flood protection is shown in Table V.4.6. Again
the effect is strongly controlled by the relative extent of the different flood phase.
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Figure V.4.1
Synthesised Flood Hydrographs
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V.4.2.3 Assessment of Development Potential without Constraints

The groundwater development potential without constraints was re-evaluated for all thanas in the study area in
two ways. Firstly the potential was re-evaluated for thanas for which an improved definition of the aquifer
system is available. These include eight thanas covered by the IDA DTW Project. Secondly the potential was
evaluated for all thanas with the incorporation of the beneficial effect of surface water irngation. The extent

of surface irngation was based on the existing number of LLP 1n each thana.

Table V.4.7 shows the unconstrained development limuts for different pumping modes, derived by the MPO and
derived from the new analysis. The effect of surface water irrigation on the development potential of STW and

DSSTW is significant. It is less pronounced, in relative terms, for DTW.

Table V.4.8 gives a comparison hetween estimated net groundwater use in 1989/90 and the unconstrained
resource potential based on the case which takes account of LLP trrigation. The table can be directly compared

with Table V.4.4 and indicates a more realistic comparison.

V.4.3 Groundwater Resource Development Constraints

The optimum irrigation development from groundwater 1s constrained in a major part of the study area by the

occurrence of brackish groundwater.

The land constraints have not much bearing on the groundwater resource availability but may restrict the area

that can be commanded from groundwater.

The environmental impact of intensive groundwater development can at this stage only be addressed in a
qualitative manner. Intensive field monitoring combined with simulation modelling would be required to

quantify the possible effects. A discussion on the environmental impacts is given in Section V.4.5.

Unacceptable levels of groundwater salinity occur in the southern part of the project area, while in the central
and western parts isolated occurrences of brackish water with EC values in excess of 2000 uS/cm have been

observed. An analysis of the extent and the ongin of the saline/brackish groundwater is given in Chapter V.3,

In the southern part of the region the presence of saline groundwater would be expected. However, the extent
of the salinity in the central and western parts of the region is of considerable concern and could have important
implications on the method and scope of groundwater development over half of the study area. Not only is the
extent of the salinity affected area and the salinity variation with depth in need of better delineation, but also
the probable cause. New data collected during the study indicates that the problem is more extensive than
initially thought. Both surveys undertaken in 1984 and during the 1990/91 dry season have concentrated on
sampling of DTW. Some STW were also sampled and have given a clear indication that salinity problems are

much less severe in the upper part of the aquifer system from which STW and DSSTW withdraw water.
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In the coastal zone groundwater salinity makes STW large exploitation not feasible. Oceurrence of superticial
bodies of fresh water should be reserved completely for rural water supply. The area thus constrained from

all shallow groundwater irrigation development is shown in Figure V.4.2.

In the central and western parts of the study area DTW development is constrained by groundwater salinity.
Areas with salinities in excess of 2000 uS/cm should be totally excluded from DTW development. Areas with
salinities below 1000 and 2000 uS/cm may be included. Development potential for STW and DSSTW is much
less constrained by salinity although this requires additional confirmation from field surveys during the next dry

season.

In the short term the areas identified to have unacceptable groundwater salinity, i.e. in excess of 2000 uS/cm,
should be excluded from DTW development. STW development should be allowed if water quality in the upper
part of the aquifer is acceptable, particularly if the upper part is isolated from the main aquifer by layers of clay

and silt. The electrolytic conductivity of DTW is shown in Figure V.4.3.

The development potential for STW and DSSTW is locally constrained by the occurrence of thick deposits of
clays and silts which makes access to any screenable aquifer material difficult or even impossible. The potential

areas for this mode are illustrated in Figure V.4.4,

The irrigable areas used in the assessment may be an overestimate but more precise data was not available at
the time of derivation of the resource potentials. [t should also be taken into consideration that the types of

irrigated crop can have a marked effect on the extent of the area that can be irrigated from groundwater.

V.4.4 Development Potential with Constraints

V.4.4.1 Development Potential

Table V.4.9 shows the unconstrained groundwater development potential based on the re-evaluation conducted
during the present study. Account is thereby given of the beneficial effect on development potential of existing
LLP irrigation. The estimates of development potential also take account on potable reserves based on
population forecast for year 2000 and a per capita consumption of 45 1/s. The constraint is only applied for
a 150 day period, which roughly coincides with the dry season irrigation period.

In view of the present knowledge of the extent of the occurrence and potential of the main confined aquifer it
would be prudent to exclude further groundwater development with force model units (DTW) in the thanas
marked in Table V.4.9.
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Figure V.4.2

Salinity Constraints in the Study Area
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) ' . Figure V.4.3
N Electrolytic Conductivity of DTWs in the Study Area
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STW and DSSTW development is constrained by groundwater salinity in the southern part of the study arca.
In thanas such as Matlah Bazar, Kachua, Faridgan] and Shahrasti STW/DSSTW development may be
constrained by the occurrence of thick surface clay/silt deposits.  This is, however, not fully confirmed from
available data. Other thanas may have localised problems with surface clay/silt deposits. The constrained areas

are shown in Figure V.4.4,

For DSSTW a maximum allowable depth to pumping level was set at 9.0 m, while for DTW (both types) this
was set at 20.0 m below ground surface. The thanas that are marked in Figures V.4.2 and V.4.4 with question
marks indicate a high degree of uncertainty with respect to the resource potential estimates. This refers

particularly to STW/DSSTW development potentials.

In all figures the development potential is expressed in terms of the depth of water available for groundwater

irrigation, for the gross area, i.e. irrigable areas of FO to F3 land which are not served by LLP irrigation.

Figure V.4.5 shows the current (AST/CIDA 1991) extent of groundwater development, and Table V.4.10 shows

the present total irrigation development including all forms of surface and groundwater.

V.4.4.2 Uneven Distribution of Development

One of the basic principle that underly the derivation of groundwater development potential is the assumption
of an even distribution of imgation development over a thana area. In reality this will, however, seldom occur;
LLP areas area often to a large degree contiguous and associated with the low lands (F2 and F3 lands).

The availability of surface irrigation allows for additional recharge to the aquifer and thus maintains water levels
at a level which allows for more intensive suction mode (STW) development within and adjacent to the LLP

irngated areas.

At distance from LLP irrigated areas it is in most cases likely that one has to resort to the use of force mode

units (DTW) in order to reach a similar level of development.
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L4,

Although the model simulations indicated that at maximum devzlopment levels, suction mode units are no longer
operational, in practice there will always be areas were DSSTW or even STW are still operating. These areas
would he located within or very near to contiguous areas of surface water irrigation, or near surface water

hodies and rivers.

V.45 Environmental Impact of Groundwater Development

V.45.1 Introduction

The environmental impacts of groundwater development are discussed in a qualitative manner in the following
sections. The importance of these impacts is at the present ime difficult to quantify due to the lack of basic
monitoriny data. The potential impacts discussed relate purely to the dynamics of the groundwater system.
The environmental impacts of large scale groundwater development may include:

- reduced drainage to low lands;

- implications of tlood protection on the groundwater balance of the high lands, with particular respect

to the possible 1rereased need for supplementary irngation during the monsoon season;
- effects on nver base flows, and

- eftects on rural water supply.

V.45.2 Reduced Drainage to Low Lands

Localised drainage is strongly controlled by local relief. Elevation differences between FO and F4 land can be

in excess of 3 m.

Following the monsoon season a rapid decline in flood levels occurs with groundwater levels on the high land
areas lagging behind. Localised differences in groundwater levels thus cause a lateral drainage from the high
land to the low land areas. The quantification of this drainage is possible with simulation models provided that

the controlling parameters are well defined.

[t is conceivable that surtace water in the low land areas, which is used for irrigation of local boro, originates

to a significant extent from local drainage of high land areas.

With the development of groundwater a more rapid decline of water levels in the high land areas will occur
which will reduce the drainage to the low lands. Conditions may even alter to the extent that the surface water

bodies in the low land areas start to contribute to the aquifer, 1.e. a reversal of the natural process.
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The quantification of local drainage will require extensive monitoring of selected pilot areas for a number of
vears. Of particular interest would be the areas that are anticipated to experience a rapid growth in tbewell

development in the near future and also areas that are already intensively developed.

Collection of field data should be guided by simulation modelling. The models, following calibration. would

form us=ful wols to predict the implications of further increase in groundwater development.

V.4.53 Implications of Flood Protection

Extensive flood protection will cause the type of drainage described in Section V.4.5.2 to occur during the
monsoon season. This may have an implication on the rice crops grown on the high land areas, particularly

during dry years.

The consequence of this drainage may be the need for supplementary irrigation during the monsoon season,

particularly for T. aman.

The model czveloped for the present study is capable of quantifying the need for supplementary irrigation. The
preparanion of the model runs will, however. require information on the irrigation requirements of monsoon

crops and thzir sensitivity to drought conditions.

V.4.5.4 Effect of Groundwater Development on Rural Water Supply

The optimum development of groundwater resources requires in nearly all cases the use of village hand

tubewells fited with Tara pumps, which allow for a maximum lift of 15 m.

This 15 m is measured from village level, and was used by the MPO to identify possible constraints on optimum
developmen: of the groundwater resource. The results of the analysis are shown in Table V.4.11. Maximum
developmen: levels for one cusec force mode units generally exceed the MPO constraint, while for two cusec

force mode development the constraint 1s of minor significance.

It is of great importance that the response of the water table in village areas is continuously monitored in thanas
which expenence a rapid increase in tubewell development. Contingency planning for replacement of village
hand tubewells presently fitted with Nr 6 pumps needs to be considered.

V.4.5.5 Effect of Groundwater Development on Base Flow to Rivers

The implications of additional groundwater development on base flow to rivers is difficult to assess in
quantitative ierms without extensive modelling. The use of surface water (LLP) for irrigation along the river
banks wall in effect reduce the impact of further groundwater development at distance from the river. The
actual river flow, during the dry season, would, however, be most strongly affected by increase in LLP

development.

ANNEX-V V-72




Effect of Village Handpump Constraint (15 m lift) on Groundwater Potential

TABLE V.4.11

MFPO GW MPO GW Constraint
Potentinl Potential for HTW

Thana Thana Area DTWI DTW2
Code Name District km?! Mm3 Mm3 Mm3
302 Madhabpur Haibigan) 279 96 113
362 Nasimagar Brahmanbaria 313 104
437 Sarail Brehmanbaria 212 97
87 Brohmanbaria Brahmanbana 416 166
14 Ashuganj Brahmanbaria 19 28
42 Bancharumpur Bruhmanbana 207 93 93
345 Nabinagar Brhmanbaria 352 68 84
249 Kasba Bruhmanbaria 207 a6 88
6 Akhaura Bruhmanbarin 93 66 69
204 Homna Caormulla 178 75 74
343 Muradnagar Comulla 4 105 109
48 Bmhmanparn Comulla 119 66 71
125 Daudkandi Comulls 375 89 110
130 Debidwar Comills 235 91 102
Q20 Burichang Comulla 181 61 63
94 Chandina Comilla 202 57 60
53 Barura Comulla 240 75 98
271 Kotwali Comulla 277 111 114
287 Laksham Comilla 427 113 164
111 Chouddagram Comilla 271 54 76
356 Nangolkot Comilla 235 97 106
nz Matlab Chandpur 409 92 139
225 Kachus Chandpur 238 53 83
96 Chandpur Chandpur 287 102 131
195 Hajiganj Chandpur 157 27 48
447 Shahrasu Chandpur 186 38 78
155 Faridganj Chandpur 235 40 70
194 Haumchar Chandpur 186 55 90
411 Ramganj Lakshmupur 170 3% 49
405 Raipur Lakshrmupur 202 39 52
288 Lakshmipur Lakshmipur 515 82 176
413 Ramgati Lakshmipur 650 96 145
102 Chatkhil Noakhali 134 21 30
58 Begumgan) Noakhali 409 57 86
445 Senbagh Noakhali 160 30 38
459 Sudharam Noakhali 828 108 200
116 Companigan) Noakhali 189 68 119
120 Daganbhuiyan Feni 132 23 35
465 Sonagazi Feni 259 a1 97
161 Feni Femi 221 44 84
104 Chhagalnaiya Feni 157 20 41
166 Fulgazi Feni 108 22 50
388 Parsuram Feni 72 22 30

Exceedence of Potable Water Constraint
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CHAPTER V.5
CONCLUSIONS AND RECOMMENDATIONS

V.5.1 Conclusions
General

- The assessment of groundwater development potential has been based on an thana basis for a variety
of pumping modes. One of the hasic assumptions in the assessment is that major controlling
parameters are evenly distributed over the thana area. These include amongst others the distnbution
of flood phases and surface water irrigation, hydrogeological parameters and future irrigation

development.

In reality this even distribution does not exist and the derived development potential limits will

therefore have to he caretully interpreted.

Effects of Surface Water Irrigation

- The present study of groundwater resource potential has shown that surface water (LLP) irngation

during the dry season enhances groundwater potential, particularly suction mode development.

- With additional surface water development in extensive contiguous areas, suction mode operation is
likelv to be maintained within and adjacent to the area irrigated from surface water, even if
development levels as an thana average indicate that suction mode limits have been exceeded: (note

suction mode irrigation may take place in areas which are out of command of surface water 1rrigation).

Groundwater Salinity

- The extent of the occurrence of brackish water in the main aquifer, which is used for DTW
development, is greater than was initially thought. Surveys conducted during 1990/91 by study teams
from the project and the [DA_DTW II project have indicated that the EC value of the groundwater in
the main aquifer exceeds 2000 uS/cm in some areas of the central and western parts of the study area.
This water is unavailable for rice irrigation and therefore these areas have been excluded from

additional deep force mode development.

- Within the saline areas there exist localised areas within which water quality in the main aquifer is
acceptable. The extent of these areas is not clearly defined and additional field surveys will be
required. Further field work has been done by the Deep Tubewell II Project in the season of
1991/1992. This confirmed that salinity increases with depth in Muradnagar but did nor indicate any
progressive deterioration of water with time, although it did identify saline water in areas where no

wells existed previously. Two explanations of the origin of the saline groundwater are considered most
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likely, either by upward leakage from deep geo-pressurised horizons within the area of the Bakrabad
anticline or hydraulic entrapment of early Holocene estuarine water. Further work 1s recommended
(Mott Macdonald International Ltd.- Deep Tubewell Project Interim Report - Hydrogeology of the

Comilla Region with Special Reference to Groundwater Salinity, February 1992).

Further fieldwork is to be undertaken by a Canadian University research project in the dry season of

1992/93.

In the upper part of the aquifer which 1s exploited by suction mode units, water quality is generally
acceptable in the areas known to have underlying brackish water. Suction mode development in these

areas is generally feasible.

In the southern part of the study area the occurrence of saline groundwater of marine origin, generally
combined with poor aquifer conditions, excludes all development for irrigation. Whatever fresh

groundwater (at shallow depth) is available, should be reserved for potable use.

Flood Protection

V.5.2

ANNEX-V

Full flood protection has a major impact on potential recharge, particularly if extensive parts of a thana

are covered by F2 and F3 land.

For only a few thanas, however, does the reduction in potential recharge have an effect on the optimum
groundwater development potential. This optimum development is in nearly all cases determined by
either tubewell technology constraints, i.e. maximum allowable depth to pumping level, or by

availability of irrigable land.

Recommendations

Extensive field surveys will be required to obtain a better understanding of the origin and the extent
of groundwater salinity in the study area. This will require a sampling programme for hand tubewells
(HTW), STW and DTW for measurement of EC values. A selected number of samples could be taken

to be analysed for isotopes to establish the age of the groundwater.

The additional field survey will enhance the knowledge of the salinity problem. However, to obtain
an understanding of the origin of the saline/brackish groundwater and to assess how tubewell
development will affect the situation in the future, would require a volume of work which is beyond

the scope of the present study.
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ANNEX-V

The investigation of the salinity problems, which should be considered the subject of 4 separate study,

would need to include the tollowing components:

o Study of the geology and hydrogeology. based on existing data.
o Development of hypothesis regarding the ongin of the saline/brackish groundwater, The

likely hypotheses include the upcoming of deep groundwaters through faults, and the

possibility of residual salinity in deposits laid down in a marine environment.

o Additional field studies, which would include water sampling and testing and drilling of

boreholes to define the salinity stratification.

o Computer modelling on a regional scale to allow for the simulation of both mass and solute
transport in the aquifer system. The model would form an important tool in the study of the
origin of the saline/brackish groundwater, and could be used in its calibrated stage 1o assess

the implications ot groundwater development.

V-76




|2

APPENDIX V.A

SINGLE CELL MODE THANA MODEL (SCMTNI)




APPENDIX V.A \
Single Cell Mode Thana Model (SCMTM)

V.A.l Introduction

a single cell four laver model was developed for the simulation of groundwater resource potential on an Thana

basis. The model is derived from the multi-cell model developed for the MPO in 1990.

The model simulates the response of the aquifer system to resource development for a 17 year simulation
period, using third monthly time steps. The period of 17 years, which represents the rainfall conditions for the
years from 1972/73 to 1988/89, was chosen to reflect the vanability in rainfall and consequent potential

recharge on the resource potential.
V.A.2 Model Approach
V.AL Model Geometry

The aquifer system can he simulated as cither 2 or 4 layerd, whereby the geometry of the aquifzr system for
an upazila area is defined by the average zround surface elevation and the elevation on the base of the modelled

layer. These layers include:
Layer | : Upper clays and silts, modelled as a semi-confining layer

Layer 2 : For the two layered situation this represents the combined aquifer whereby it is assumed that
the upper finer textured composite aquifer is in complete hydraulic continuity with the medium
to coarse textured man aquifer. For the four layered system this layer represents the

composite aquifer.

Layer 3 : For the four layered system this represents the aquitard that separates the compesite and main
aquifers.

Layer 4 : For the four layered system this represents the main aquifer.

V.A.2:2 Hydrogeological Parameters

For layers 1 and 3 in which vertical flow is simulated the mean vertical hydraulic conductivity values are

specified. Together with the saturated thickness they control the hydraulic resistance of these layers.

For the aquifer layers the mean section permeability is specified. Since the model is operated in a single cell
mode no lateral transfer of groundwater is simulated. Transmissivity values are however required for the
computation of drawdown in wells due to pumping. For the two-layered system two permeability values are

used to enable realistic drawdown simulation for different well technologies (STW and DTW).
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Sp=cific vield wvalues which exercise the main control over release of water from aquifer storage are specified
{or the upper 22 m of the aquifer system with valueg defined for each 1 m interval. The specific vield values

were based on the MPO analysis of Thana wise depth storage relationships.

Vedi2.3 Rainfall

Third monthly rainfall totals have been used based on the available records for the period from 1972/73 to

1928/89. Thes= data are available for each Thana.

V.A2.4 Recharge

The recharge routine 1s used to compute potential recharge to the aquifer system both from natural sources such
as rainfall, flooding and open water bodies, and form irrigation return flow. Potential recharge is equivalent
to the potential rate of deep percolation through the base of the active rootzone of dry land crops or through
th= plough pan for wet land crops. It represents the maximum possible recharge to the aquifer system. In the
computation of potential recharge it is assumed that the aquifer system is an infinite storage reservoir without

capacity to rej=ct recharge,

Actwal recharges 1s computed int he model by taking into account the constraints of the aquifzr system. Actual
recharge 1s always less or equal then potential recharge and can indeed be very small dunng periods of the
monsoon season when groundwater tables are at ground surface. During such period potential recharge is

rejected from the svstem.

Thz recharge routine simulates potential recharge for their monthly time steps from an analvsis of the water

balance of the rootzone of different crops.

The methodology of the recharge mechanism is detailed in Annex V.A.l.

Mk 208 Crop Distribution over Land Type Areas

Onz of the uncertainties associated with the model simulation is the distribution of crops over different land
types. During the MPO recharge studies the land type distribution within a thana was derived tfrom the SODAPS

data bhase.

Land type classification is according to the SODAPS definition based on the depth of normal flooding during
the monsoon season. In addition the SODAPS data based specifies permeability ratings namely rapid, moderate
and slow. In the recharge model permeability rating 1s either permeable or impermeable, a distinction mainly
based on the capability of impermeable soils to be puddled. The guidelines for determining the permeability

ratings used during the MPO recharge studies are as follows:

- Soils categorised in the SODAPS data base as slowly permeable were classified as

impermeable, while those with rapid permeability were classified as permeable.
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. s For those soils deseribed as moderately permeable, the crop suitability was used to classity
them as either permeable or impermeable. soils with a suitability rating ot less than 3 for
sugarcane were classified as permeable while those with a suitability rating of less than 3 for

boro as impermeable.

The land types are classified for modelling purposes into 10 categories as follows:

Code Land Type

Hp High Land Permeable

Hi High Land Impermeable

MHP Medium High Land Permeable
MHi Medium High Land Impermeable
MLp Medium Low Land Permeable
MLi Medium Low Land Impermeable
L Low Land

B Bottom Land

ow Open Water

HO Homesteads

The crop suitability of the different land types has been adopted from the MPO studies and is defined as follows

for irrigated and non irrigated crops:
‘ Non-irrigated crops
Land Type Crops

High Land Permeable Perennial crops or
B.Aus/T.aus:/ Jute followed by Wheat/Rabi

High Land Impermeable B.Aus/T.Aman/Jute followed by Rabi

Med. High Land Permeable B.Aus/T.Aus/Jute followed by Wheat/Rabi

Med. High Land Impermeable B.aus/T.aman/Jute followed by Rabi

Med. Low Land Permeable Mixed B. aust+B.Aman followed by Boro/Wheat/Rabi
Med. Low Land [mpermeable Mixed B.Aus+B.Aman followed by Boro/Rabi

Low Land B.Aman followed by Boro/Rabi

Bottom Land Boro
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[rrigated Crops

Land Type

High Land Permeable

High Land Impermeable

Med. High Land Permeable

Med. High Land Impermeable

Crops

T.Aus followed by wheat/Rabi

T.Aman followed by Boro

T.Aus followed by Wheat/Rabi

T.Aman followed by Boro

Med. Low Land Permeable Boro
Med. Low Land Impermeable Boro
Low Land Boro
Bottom Land Boro

Planting and harvesting periods are spread over a period of 40 days for rice crops and 30 day: for dry land

crops.

V.A.2.6 Flooding
flood depths are specified for each modelled time step for each land category (ie high land, medium high land
etc). Time constraints have limited to specification of an idealised flooding sequence which has been kept

constant for the 17 year simulation period.

If flood control is exercised within a thana area the impact on potential recharge and resource potential can

simple be evaluated hy specifving different flooding depths for the different land categories.
V.A3 Assessment of Groundwater Resource Potential
The groundwater resource potential is expressed in terms of percentage of irrigable land that can be irrigated

from groundwater during the dry season. the optimum rate of development is controlled by a number of

constraints, which are:

- Recharge

the groundwater resource is utilised as a replenishable resource and thus potential recharge (from both
natural sources and from surface water irrigation returns) forms an upper limit on resource

development potential.
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- Pumpiny modes

the suction limit (tor STW and DSSTW) and the pump intake setting (for DTW) form constraints to
dzvelopment. In many cases this constraint is the dominant one if STW or DSSTW are selected as the
pumping modes. For DTW there is in theory no limit on the pump intake setting although for most

existing DTW a intake level of 20 m below ground surface is used.

The assessment of resource potential is one of repeated model simulation. The model would normally first be
run under the worst conditions which implies the use of groundwater only for irrigation of high, medium high,
medium low and low land without taking account of the beneficial effects of existing surface water irngation.
The cropping pattern would thereby be biased towards boro within the suitability constraints given in Table 2.5.
[f the resource is capable to sustain the full groundwater development one would have to consider the resulting
mode of pumping to achieve the full development level. If full development can thus be achieved by DSSTW

there will he no need for further simulation runs.

If the maximum development can only be sustained by DTW the beneficial effects of surface irrigation need
to he taken into consideration. If this is done one assumes that bottom land 1$ served by surtace water, while
the higher lands may be served by groundwater as well as surface water. In the model a ratio is specified of
area irrigated trom groundwater and total irrigated area. this ratio is specified on a time step basis. the impact
of surtace water irrigation on the groundwater resource potential can thus be analysed and it is concervable that

under thess conditions a suction mode pumping technology is possible.

If potential recharge is shown to be a constraint to groundwater development then the area irrigated from
groundwater will have to be reduced. The reduced area could then either not be irrigated or be irrigated from

a surface water resource.

If the aquifzr system consists of four layer it is assumed that STW and DSSTW abstract from the upper aquiter
while DTW have their screen set in the lower aquifer. In this case the user would specity the proportion of total
sroundwater abstraction derived from the lower (main) aquifer. This set up of the model allows for a realistic
simulation of conditions in areas where STW and DSSTW are still operation despite the fact that piezometric

levels in the lower aquiter have drop below the suction limit of the STW/DSSTW.

V.A4 Model Output

The output from the model is directed to a .PRN file which can be imported into a Lotus spreadsheet for
additional manipulation and for preparation of graphical output. The output is described in detail in Appendix

| and includes in summary the following for each modelled time step:

- Pumping levels for force mode and suction mode wells (generally 2 cusec DTW and 0.5 cusec
STW/DSSTW).

- Piezometnc levels in the two aquifer layers.

- Water table levels for 6 reliet phases (H, Mh, ml, I, b AND ow).
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- Gross abstraction from groundwater.

- Actual recharge (sum of natural recharge and irngation return flow).

- Storage changes in the aquifer and in the upper clay/silt layer.

- Storage changes in the aquifer and in the upper clay/silt layer.

- Total vross application of irrvation water (sum of groundwater and surface water supply).
s pp ¢ i 3

- Return flow from irrigation.

- Gross rainfall.

All flow components are presented in mm/d/unit gross ared.
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ANNEX V.ALl
Methodology of Recharge Simulation
V.A.L1 Methodology

In then model a distinction is made between infiltration and deep percolation rates. The infiltration rate is
detined as the rate of flow through the soil surface. The de<p percolation is the rate of downward flow through

the base of the active rootzone or through the ploughman.

The model assumes that all recharge is vertical. This includes the interaction between surface water (rivers,
heels, etc.) which given the basic assumption of a very deep groundwater table is valid. The model does thus

not simulate the lateral transter between riverts and the aquifer,

A large number of parameters affect the potential recharge. They may be categorised in major groups as

summarnised helow:

- Physical parameters
- land type distribution:
- soil characteristics within land type areas:

- local relief characteristics.

- Hydrological parameters
- rainfall (totals, distribution, frequency);
= relationship between effective and gross rainfall:
= surface water retention capacity for different land types;
- surface runoff characteristics:
- extent, duration and depth of deep flooding;

- reference crop evapotranspiration.

= Parameters related to agricultural practices
- crop coefticients;
- cropping calender;
- cropping patterns related to soil and land types:
- rooting depth of crops, or depth to ploughman;
E ratio of cultivable to gross area;

- crop statistics.

Deep percolation is calculated from the water balance of the rootzone and is assumed only to take place if the
moisture content int he rootzone is above the value at field capacity. This simply assumes the build up of
perched conditions at the base of the rootzone and in this case the deep percolation is equal to the gravity
drainage capacity of the plough pan or the subsoil. If flood levels build up, then the rate of deep percolation
increases in proportion to the height of the standing water at the soil surface. Summarised the deep percolation

(for potential recharge) follows from:
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\-.“H If soil mosture below field capacity s DP =0
If so1l moisture above field capacity
but no deep flooding : DP = K,
If deep flooding : DP = (DF+1)*k,

where  DP = deep percolation
K, = vertical permeability of the subsoil or ploughman

DF = flood level relative to soil surface

VoA 1.2 Data Requirements

Introduction

The data requirements for the recharge model are summarised as follows:

(4) Land type distribution
() Soil distribution over land type areas
(c) Crop statistics

(d) Cropping calendar

(e) Reference crop evapotranspiration

(f) Crop coefficients

(g) Effective rooting depths

(h) Rainfall

(1 surface water retention and flooding
() Infiltration and deep percolation rates
(k) soil moisture characteristics

(h Effective rainfall and surface runoff
(m) Initial soil moisture conditions

Most data were derived from the MPO data and only required some restructuring into appropriate data files.

These structure of these data files 1s given in appendix 1.

Land Type Distribution

Land type classification is according to the SODAPS definition, which takes as the main criterion for
classification the depth of flooding during the monsoon season. The land types are classified for the recharge

model into 10 major categories as shown in Table V.A.2.1

The permeability rating, permeable or impermeable, is different from the one used in the SODAPS data base,
SODAPs uses three.
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TABLE V.A.2.1

Land Type Clussification

12

6

10

Code  Land type

High Land Permeable

High Land Impermeable

Medium High Land Permeable

Medium High Land Impermeable

Medium Low Land Permeable

Medium Low Land Impermeable

Low Land

Bottom Land

Open Water

Homesteads

used in the land type classitication are as follows:

HP

HI

MHP

MHI

MLP

MLI

ow

HO

permeability ratings namely rapid. moderate and slow. The guidelines for determining the permeability ratings

Soils categorised in the SODAPS data base as slowly permeable were classitied as

impermeable, while those with rapid permeability were classified as permeable.

For those soils described as moderately permeanle, the crop suitability was used to classity

them as either permeable or impermeable. soils with a suitability rating of less than 3 for

sugarcane were classified as permeable while those with a suitability rating or less than 3 for

horo as impermeable.

It should be noted that permeability ratings relate to sub-soil characteristics.
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Soil Distribution over Land Type Areas

A veriety of soil types may exist for each and types. In the model only the three most dominant soil tvpes within
the land type ared are taken into consideration. Soil types used in the model are shown in Table V.A.2.2. Their
physical characteristics were based on Rijtema (1969).

TABLE V.A.2.2

Soil Types Used in the Recharge Model

Code  Type Abbreviation

] Fine Sandy Loam FSL

2 Silt Loam Sil

3 Loam L

4 Silty Clay Loam SiCL

5 Clay Loam CL

6 Basin clay BC

7 Silty Clay BiC

8 Sandy Clay Loam SCL
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TABLEV.A.Z3

Land Type Distribution In Project Area

Thana Arca
Code Name K Hp Hi MHp MH;i Mlp ML 1= B ow HO

6 ARHAURA 93.0 1474 355 %7 241 8.03 14,70 2ot 1268 5.88 7.31
14 ASHUGAN] 190

41 BANCHARAMPUR K070

53 BARURA 240.0 11.10 0.0 2436 9.10 30.08 16.54 0.13 0.00 832 0,00
S8 BEGUMGAN) 409.0 2131 0.00 2.2 0.24 3.4 29.97 1.10 0.00 5.00 0.00
87 BRAHMANBARIA 416.0 14.96 .69 14.41 0.81 16,43 5.2 17.14 21.93 7.43 0.00
HE BRAHMANPARA 119.0 03 0.18 10.80 5.80 36,9 26.02 527 0.00 6.39 CHE]
N0 BURICHASNG 181.0 284 .00 14.50 34.43 4.76 2145 136 0.00 9.9%8 568
a4 CHANDINA 202.0 0.12 0.0 19.43 1274 .81 673 20,69 0.00 8.37 ERT
3 CHANDIUR 287.0 6,63 0.0 15.38 0.11 2786 iy 2.54 0.00 28.47 s
102 CHATKHIL 1340 24,70 0.00 it 1) 9l 1207 1884 78 000 5.00 .00
104 CHAGALSAIY A 157.0

111 CHOUDDAGRAM 271.0 1286 2.06 41.89 19.16 433 9,06 0.65 0.00 9.9 0.00
116 COMPARIGAN] I89.0 0.00 0. 15.95 24,62 0.93 1.50 0.00 0.00 46.75 10:25
120 DAGANBHUIYA 1320 17.16 0.00 3952 215 13.07 19,60 -0 0.00 5.81 0.00
125 DOUDKANDI 3715.0 0.0 0.00 0.00 0.00 475 0.00 56.96 3220 10.13 596
130 DERIDWAR 25.0 0.00 0.00 =227 14.56 18.07 11.50 10.02 0.00 #.60 2.98
155 FARIDGAN) 35.0 20.83 0.00 37.48 5.74 3.96 7.16 =07 0.00 5.9 17.37
16! FENI 210 21.95 0.00 41.46 19.51 4.30 Rt .86 0.00 6.93 0.00
166 FULGAZ! 2350 20.83 0.00 37.48 574 31.94 7.16 =07 0.00 539 17.37
194 HAIMCOHAR 186.0 4.99 0.00 10.02 353 19,70 4.32 0.01 0.00 43.85 13.58
195 HAJIGAN] 157.0 2504 0.00 (1] 0.00 2618 31,33 7.97 0.00 8.08 0,00
204 HOMNA 1780 0.00 0.00 0.00 0.00 4,17 0.00 43.43 8,78 19.55 4,07
225 KACHUA 238.0 0.03 0.00 n.o9 0.00 4414 7.10 11.96 0.00 20.26 15.42
249 KASBA 207.0 16.93 087 24.86 .07 24,95 4.21 =54 3.0 7.42 6.55
271 KOTWALL 2710 12.27 3R 1141 3494 078 1838 0.00 0.00 6.25 12.57
287 LAKSHAM 427.0 10,04 0.00 . ) 29 .07 12.59 24 0.00 4.63 0.00
288 LAKSHMIPLIR 5150 .97 0,54 21.86 24,45 14.43 573 0.00 0.00 11.62 0.00
312 MATLAB 4.0 0.03 (100 0.00 0n.00 404 10 11.96 0.00 20.26 1552
343 MURADNAGAR 3410 0.0 0.00 14.69 51 16,86 H.48 37.20 1.69 T.29 2.06
345 NABINAGAR 520 6.27 0.00 21,44 0.2 3. 182 72 10.48 13.66 0.00
156 NANGALKOT 5.0
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TABLE V.A.Z3 (Contd.)

367 NASIRNAGAR atag 0.00 0. 0.54 0.00 309 13.66 151 1B.65 7.46 10.89
axE PARSURAM TZ.0 3R.05 0.61 39,93 12.08 0.00 000 .00 0.00 | P s 7.1

05 RAIPUR 2000 17.15 .00 3.7 16.05 309 3% End .00 0.00 7.7 18,03
411 RAMGAN] 1.0

413 RAMUATI 6500 0.00 0,00 29.50 23.8) i |31 0. 0.00 24 11.05
437 SARAIL 2120 0.060 0.00 16,25 0.00 17,82 669 2188 14,92 1.60 KBS

4% SENBAG 1600 20.03 0.00 3445 164 15,53 .64 .46 0.00 4,78 0.00
447 SHAHARASTI 1860 24.67 0.00 9.10 363 15.90 R | 13,54 0.00 570 0.00
453 SHUDHARAM #2580 6.03 13.14 20.52 3149 4.51 ~ES 0.00 0.00 20.46 0.00

465 SONAGAZI 259.0 1,10 0.00 3814 13.10 593 1.46 0,00 0.00 .53 11.74

Crop Distribution over Land Type Areas

Crop statistics are available on a thana basis from the BBS data books. The Agronomy Section of MPO have
computerised this data from 1974/75 for 16 major crops or crop groups. Fro the recharge model the number
of crops was reduced to 10 major non-irrigated crops or crop groups plus forest and grass/wild vegetation plus

four irrigated crops. The correlation between the crops is given in Table V.A.2.4.

The statistics data do not indicate the distribution of crops over the various land type areas. For the recharge
calculations the link between crop type and land type is, however, of major significance. The correlation

between crops and land types is based on Table V.A.2.5. In the model adjustments are made if necessary.

Cropping Calendar

Date of first planting, harvesting dates and length of growing season vary shghtly throughout the country and
planting and harvesting may stretch out over quite significant periods. For ease of calculation in the model it
is assumed that planting and harvesting periods for rice and jute are 40 days, and for wheat and rabi 30 days.
It is further important that the growing seasons of successive crops do not overlap, since this may cause the
successive crops do not overlap, since this may cause the occurrence of cropped areas in excess of available

cultivable areas. Starting dates are approximate and can be modified for each area considered.
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TABLE V.A.2.4

Crop Types
Recharge Model
Agronomy Section Non-irrigated
1 B.Aus 1 B.Aus
2 T.Aus 2 T.aus
3 B.Aman 4 B.Aman
<4 Local T.Aman 3 T.Aman
S HYV T.Aman 3 T.Aman
6 Local Boro 5 Boro
| 7 HYV Boro 5 Boro
P 8 Wheat 7 Wheat
9 Potato 7 Wheat
10 Jute 6 Jute
| L1 Sugarcane 9 Sugarcane
w 12 Pulses 8 Rabi
13 Oil Seeds 8 Rabi
14 Spices 8 Rabi
15 Other Crops 8 Rabi
16 Orchards 10 Orchards
11 forest
| 12 Grass/wild vegetation Irrigated
| 13 Wheat/Rabi
| ‘ 14 boro
| 15 T.Aus
| 16 T.Aman

APNV.A-13




TABLE V.A.2.5

Land Type Versus Crop Type

Land Type

High Land Permeable

High Land Impermeable
Med. High Land Permeable
Med. Low Land Permeable

Med. Low Land Impermeable
Low Land

Land Type

High Land Permeable

High Land Impermeable
Med. High Land Permeable
Med. High Land Impermeable
Med. Low Land Permeable
Med. Low Land Impermeable
Low Land

Bottom Land

Crops (non-irrigated)

Orchards/Forest/sugarcane
B.aus/T.Aus/Jute, Wheat/Rabi
B.Aus/T.Aman/Jute, Rabi
B.Aus/T.Aus/Jute, Wheat/Rabi
B.Aus/T.aman/Jute, Rabi/Boro
Mixed B. Aus + B.Aman,
Wheat/Rabi/Boro

Mixed B. Aus + B.Aman, Rabi/Boro
B.Aman, Rabi/Boro

Boro

Crops (irrigated)

Wheat/Rabi, T.Aus
Boro, T.Aman
Wheat/Rabi, T.Aus
Boro, T.Aman
Boro

Boro

Boro

Boro

T.Aman may shift to medium low and low land if this becomes flood protected.

Reference Crop Evapotranspiration

Reference crop evapotranspiration is available from a number of meterological stations throughout the country.

Monthly data can be reworked into shorter periods with reasonable confidence using curve fitting and

interpolation routines.

Crop Coefficients

Crop coefficients were based on values derived during the first phase of MPO and are shown in Table V.A.2.6.

For broadcast rice the consideration is given to possible saturated soil conditions during the early stages of the

crop. Under such conditions a coefficient of 1.1 is used in the recharge model.




TABLE V.A.2.6
Crop Coefficients

Values given are for third monthly periods from Ist March
Note : Values given should be in accordance with the cropping calendar

Non-Irrigated Crops

B.aus

0.00 0.00 0.45 0.51 0.59 0.68 0.83 0.96 1.05 1.09 1.09 1.05

0.99 0.95 0.90 0.85 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

T.aus

0.00 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10

0.99 0.95 0.90 0.85 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

T.aman

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10

1.09 1.05 0.99 0.95 0.90 0.85 0.00 0.00 0.00 0.00 0.00 0.00

B.aman
0.00 0.00 0.45 0.51 0.59 0.68 0.83 0.96 1.05 1.09 1.10 1.10
1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.05 0.99 0.95 0.90

0.85 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Boro

1.19 1.24 1.26 1.22 1.11 1.06 0.98 0.85 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.11 1.14

Jute

0.00 | 0.00 0.00 0.00 0.00 0.40 0.42 0.45 0.59 0.57 0.70 0.85

0.98 1.00 1.11 1.15 .11 1.02 0.98 0.90 0.80 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Rabi

1.01 0.80 0.69 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00 | 0.00 0.00

0.00 0.00 0.00 0.45 0.51 0.59 0.75 0.92 1.05 1.12 1.13 1.10
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TABLE V.A.2.6 (CONTD.)

Sugar Cane

0.97 1.00 1.04 1.06 1.08 1.10 1:42 1.13 1.14 1.14 1.15 .15
118 1.15 1.14 | 1.13 L2 1.09 1.06 1.02 (.98 0.93 0.88 0.84
0.81 0.79 | 0.77 | 0.75 0.74 0.74 0.74 0.76 0.79 0.83 0.87 0.92
Fruit Trees

0.85 0.85 | 0.85 | 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
0.85 0.85 | 0.85 | 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
0.85 0.85 | 0.85 | 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Forest

0.85 0.85 | 0.85 | 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
0.85 0.85 | 0.85 | 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.83
0.85 0.85 | 0.85 | 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Non-cultivable Waste

0.20 0.20 | 0.20 | 0.20 0.20 0.30 0.40 0.40 0.40 | 0.50 0.60 0.60
0.60 0.60 | 0.60 | 0.60 0.60 0.60 0.60 0.60 0.50 0.50 0.40 0.30
0.20 0.20 | 0.20 | 0.20 0.20 0.20 0.20 0.20 0.20 | 0.20 0.20 0.20
Irrigated Crops _
Wheat

0.80 0.69 | 0.50 | 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00
0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 | 0.45 | 0.51 0.59 0.75 0.92 1.05 1.12 1.13 1.10 1.01
Boro

1.11 1.14 | 1.19 | 1.24 1.26 22 1.11 1.06 0.98 0.85 0.00 0.00
0.00 0.00 | 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00
0.00 0.00 | 0.00 | 0.00 0.00 1.10 1.10 1.10 1.10 1.10 1.10 1.10
T.aus

0.00 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.09 1.05
0.99 0.95 | 0.90 | 0.85 0.00 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00
0.00 0.00 | 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00
T.aman

0.00 0.00 | 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00
0.00 1.10 | 1.10 | 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10
1.09 1.05 | 0.99 | 0.95 0.90 0.85 0.00 0.00 0.00 | 0.00 0.00 0.00
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Effective Rooting Depth

The etfective rooting depth is for most crops dependent on the subsoil conditions and may thus be greater or
smaller than general values such as presented in FAO Publication 24: A tight clay at shallow depth would
restrict root penetration to a major extent, while the existence of a plough pan will have a similar effect. The
range of values that may be adopted in the model are shown in Table V.A.2.7. adjustments may be required

depending on local conditions.

TABLE V.A.2.7

Rooting Depths

Crop Rooting Depth (m)

Rice 0.3 - 0.6
Jute 0.4 - 0.8
Wheat 0.6 s 1.0
Rabi 0.4 - 1.0
Sugarcane 1.0 - 2.0
Trees 2.0 - 3.0
Wild vegetation 0.5 - 1.0

Surface Water Retention and Flooding

The land is classified into different land types according to the depth of normal flooding during the height of
the monsoon season. The relationship between land type and flood depth is given in Table V.A.2.8.

TABLE V.A.2.8

Land Type Versus Flood Depth

Land Type Flood Depth

High Land not flooded or less than 0.3 m
Medium High Land 0.3100.9m

Medium Low Land 0.9to 1.8 m

Low Land 1.8t03.0m

Bottom Land greater than 3.0 m

The depth of tlooding may very throughout the monsoon season, while its duration will depend on the land type
and other factors. In the model flood depths and start and end of the deep flooding period have to be specified.

A simple example is given in Figure 2.3.
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For lsind not subject to flooding, water can be held in surface storage between ficld bunds. This also apphes
for penods outside the flood season for land that is subject to flooding. In the model hypothetical "bund” heights
for the ditferent land types are adopted for "wet" (rice and jute) and "dry” (wheat, rabi et¢) crops which do not
necessarily reflect actual bund height in the field. Water can thus be held in surface storage up to a maximum
level determined by the specified "bund” height.

Infiltration and Dep Percolation Rates

Data based on field experiments conducted by the Soils Survey Department give infiltration rates for dry and

moist soil conditions. The range of values for seven soil types are given in Table V.A.2.9.
TABLE V.A.2.9

Infiltration Rates

Infiltration Rates (m/d)*

Soil Texture Dry Moist
Fine sandy loam 0.48 - 2.40 0.048 - 0.249
Silt Loam 0.48 - 2.40 0.048 - 0.192
Loam 0.48 - 2.40 0.396
Silty Clay Loam 0.48 - 2.40 + 0.048 - 0.120
Clay Loam 0.48 - 2.40 + 0.048
Silty Clay 1.80 + 0.048 - 0.072
Basin Clay 0.84 - 1.92+  0.028 - 0.072

* Increased rate due to soil cracks

+ Values ohtained from MPO soils Section

Values adopted in the recharge model are 0.025 m/d for silty clay and basin clay, and 0.05 m/d for the other

soils.
Deep percolation rates are often an order of magnitude smaller than the infiltration rates. The likely range for

eight soil types and for "wet" and "dry" conditions were based on simulation of potential recharge by the MPO

and are given in Table V.A.2.10.
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TABLE V.A.2.10

Deep Percolation Rates

Minimum Deep Percolation Rates (mm/d)

Soil Texture "Wet" "Dry"
Fine sandy loam 5-15 25
Silt loam 3-9 10
Loam 5-15 15
Silty clay loam 3-9 15
Clay loam 2-6 5
Basin clay 1-3

Silty clay 1-3 5
Sandy clay loam 3-9 15

Soil Moisture Characteristics

Soil moisture characteristics are hased on Rijtema (1970). The soil moisture contents at tull saturation, field
capacity and wilting point for the eight soil types are given in Table V.A.2.11. Field capacity is defined as the
condition where moisture tension 1s 100 cm (pF=2.0) and approximates the moisture content that can be held

in the soil against gravity forces. Wilting point is defined as the condition where moisture tension is 16,000 cm

(pF=4.2) and represents the condition where plants loose their ability to extract moisture from the rootzone.

TABLE V.A.2.11

Soil Moisture Characteristics

Moisture Content (%)

Soil Texture Full Saturation Field Capacity Wilting Point

Fine sandy loam 50.4 42.3 8.7
Silt loam 50.9 46.1 9.2
Loam 50.3 42.0 9.8
Silty clay loam 47.5 37.2 18.5
Clay loam 445 41.1 25.5
Basin clay 54.0 51.9 32.1
Silty clay 50.7 46.3 25.7
Sandy clay loam 43.2 33.8 18.0
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Effective Rainfall and Surtace Runotf

Effective rainfall is calculated for “wet” and "dry" land areas for each land type according to the following

equations :
If mean daily rainfall is less than | mm/d for the considered time peniod:
ER =0
Otherwise :
ER = PR*(R-1)
where  ER - effective rainfall in mm/d
R - actual rainfall in mm/d
ER - factor depending on land type and land use ("wet" and "dry") (PR .= 1)
Values for PR were based initially on findings from previous modelling studies and the likely range is shown
in Table V.A.2.12.

TABLE V.A.2.12

Effective Rainfall Factors

PR

Land Type "Wet" "Dry"

High Land P 0.7-0.9 0.7-0.9
High Land I 0.7-0.9 0.7-0.9
Med. High Land P 0.7-0.9 0.7 - 0.9
Med. High Land I 0.7-0.9 0.7 -0.9
Med. Low Land P 0.8-1.0 0.8-1.0
Med. Low Land I 0.8-1.0 0.8-1.0
Low Land 0.8-1.0 0.8-1.0
Bottom Land 0.8-1.0 0.8-1.0

Surface runoff due to excess rainfall is calculated as the difference between actual and effective rainfall minus

interception (1 mm/d).
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ANNEX V.A2

V.A.lL Structure of the Model

The structure of the model and an associated data preparation data checking programme and the functions of

the programmes and associated subroutines are summarised as follows:

- Programme DATAPREP
This programme reworks basic data into a binary master file, which is used as input file to the model.
Two subroutines are associated with this programme. Subroutine LTCMOD 1is used to distribute crops
over land type areas. subroutine INFMOD is used to convert infiltration, deep percolation and soil
moisture characteristics from a soil type basis to as land type basis.

- Programme CHECK

This programme is used to create a printer ready copy of the data generated by programme

DATAPREP.

- Programme SCMTM

This programme performs the numerical calculations required for the simulation of the groundwater

system. 21 subroutines are linked with the programme which are briefly described in the following.

- Subroutine RECHMOD

Recharge to groundwater and irrigation requirements are computed in this subroutine.

- Subroutine STORAGE

In this subroutine the storage changes in the aguifer and the semi-confining layer are computed.

- Subroutine HDCORRM

In this subroutine head corrections are computed for the aquifer and for the 6 land categories of the

semi-confining layer.

- Subroutine INPUT

Model input data are entered in this subroutine.
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Subroutine PRIMOD

In this subroutine the actual crop coverage for the current time step 1s computed for each land tvpe.

Subroutine FLOOD

Recharge due to deep flooding conditions 1s computed in this subroutine.

Subroutine RBALMFOD

In this subroutine the moisture balance of the rootzone of non-irrigated crops computed for conditions

where the water table is positioned helow the base of the rootzone.

Subroutine CAPILM

Capillary flux from the water table to the rootzone is computed in this subroutine.

Subroutines WHEAT, BORO< AUS and AMAN

In these subroutines the moisture balance and the irrigation requirements are computed for the four

irrigated crops.

Subroutines SUB1 to SUB6 and SUBS

These subroutines are linked to the subroutines that compute the moisture balance for irrigated crops.

Subroutine SUB7

In this subroutine soil moisture and surface storage are redistributed.
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V.22 File Specificatinn

The ftile structure ot the model mue be summarised as rollows:

- tiles which nezd 10 be specitied for cach thana
These tiles include ¢
‘at File re. GHijk . DAT
This file contains the data defining the aquiter geometry. its hydrogeological parametess ar - the soil
tvpe distribution over land type areas. The tile also contains mfiltration. deep percolztios and soil
motsture characteristics tor the 8 soil tvpes incorporated in the model.
(lall File r= LTiHik.DAT
This file contuins the data defining the land type distribution within each thana informaz on =earding
Nood protecuon of certiin land types, and the cropped areas for each croppine season of the - nulation

period,

: File re-RAijk.DAT

Ths file contains the third monthly rainfall totals tor the smulation period.

(d) File re-FLijk. DAT

This file contains the depth of deep Hooding tor each third monthly pericd for cach laad = pe. The

fooding characteristics represent the long term mean for the simulation peiod.

(el File re [Cyk.DAT

This tile contarns mitial values of aquifer prezometry and water table leveis and data Zefir.ng non-

acricultural eroundwater abstraction.

(f) file re_[Pijk.DAT

This file contains data defining effective raintall factors, bund heights, rooting depths and ‘rrigation

mdnagement paramelers,

The file name convention is such that the region code and the thana number cun be recogni-zd trom

the tile name. "re” refers o the region code (NE. NW. SE or SW) while ijk refers to the thana

number (ex 054,
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Files which need 1o he specified for the regios
These files include -
¢ (g) File se RCE.DAT

This file contains the mean réterence crop evapotranspiration values tor third monthly periods and the

crop coefficients tor 12 non-irrigated crops and 4 irrigated crops.
(h) File re-PRILDAT

This file contains the cropping calendar tor the 12 non-irmigated and 4 irrigated crops in the form of

proportion crop coverage relative to maximum crop coverage for each simulated tiem step.

(1) File FARAM.DAT

This file contans the modz] run control paramsters.

The file names includs the region code "re”.
- Screen file

(i) File INPUT.SCR

This file contains the start-up template for a model simulation run.
- Output file

(File re_MOijk.DAT

This file containys the «imulated model output for each third monthly time step.
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ANNEX VI - HYDROLOGY AND WATER MODELLING
CHAPTER VI.1
HYDROMETEOROLOGY

VI.1.1 General

The hvdrometeorology of the study area has been described to some degree in several publications, the most
note worthy of which are "The Agro-Climatic Survey of Bangladesh” (Manalo, Ref. 1), and "Net [rrigation
Requirement of Rice and Evapotranspiration of Wheat and Potato for Different Locations in Bangladesh” (Karim
and Akland, Ref 2). For completeness of the present study, some further analysis of climatic conditions of
particular relevance to the project area has been carried out. In the case of rainfall, more extensive analysis
has been carried out than in previous studies, utilising records up to the 1989-90 water year. The analysis of
basic climatic data has been based on the readily available published data for stations in the project area,
generally covering the period 1965-80. The monsoonal climate which affects the South East Region, and indeed
the whole of Bangladesh, is part of a system which affects the whole of the Indian sub-continent. There are

three main seasons:
i) the south-west monsoon:

lasting approximately from May to October, and producing the main rainy season; almost 90% of the annual

rainfall total in the study area occurs during this period, when both temperatures and relative humidity are high;
ii) the morth-east monsoon:

extending from November through to March, establishes the cool dry season of winter; only occasional rainfall

occurs, associated with weak cyclonic disturbances;
i11) a short hot season:

this precedes the south-west monsoon and can extend from late March through till May; the highest maximum
daily temperatures can occur at this time, and the season is associated with variable convective storm activity
which can occasionally develop into severe cyclonic storms; during this season, flash flooding from the rivers

draining the Tripura hills to the east of the region can be a problem.

The region is affected by severe tropical cyclones which develop in the Bay of Bengal. Cyclones most
commonly occur in the periods before and after the main monsoon season in the months of May and October.
In recent times, severe cyclones have affected the region in 1970, 1985 and 1991. Tropical cyclones are
generally accompanied by very strong winds, high rainfall, and storm surge, which in coincidence with high

tides can have disastrous consequences in coastal regions.
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V12 Climatic Norms

The locations of climatic stations in the South East Region are shown in Figure VI.1.1. The climate stations
of relevance to the study are at Comilla. Chandpur. and Noakhali. Data at each station date from 1965,
although there is some variability in the parameters recorded, and the completeness of records.  The key
parameters of temperature, relative humidity and wind speed are recorded at each of the climate stations,
Neither hours of bright sunshine or radiation are recorded at any of the stations, however, and reference has
heen made to data for the stations at Dhaka and Chittagong. This is a limitation in the existing network, and
it is recommended that efforts be made 1o upgrade each of the stations. Significant variations exist in rainfall

across the region, and there will therefore he vanability in insolation.

Climatic norms for Comilla, Chandpur and Noakhali are summarised in Figures VI,1.2 - VI.1.4, and in
Tables VI.1.1 - VI.1.3. From these, the veneral characteristics in climate described in the introduction above
are obvious, with very similar patterns heing observed at each station. Wind speeds are lowest in the north-
east monsoon period, but then pick up during the pre-monsoon hot season when Nor’ westers and localised
storm activity can occur. Wind speeds tend to level off during the south-west monsoon. In collecting climatic
data for the present study it was noted that discrepancies exist in the units of wind speed measurement are
several stations. It is recommended that original records at the existing climate stations are completely
standardised. The mean monthly wind speeds are significantly higher than those recorded in some other parts

of the country,

Mean daily temperatures in the region are fairly constant between the months of April and September, and show
little variation across the region, heing of the order of 28°C. From October, temperatures begin to decline, and
mean daily temperatures reach a minimum of about 19-19.5°C in January. In April. maximum daily
temperatures in the region can often exceed 35°C, while in January, minimum daily values can be below 10°C.
Increased cloud cover during the south-west monsoon period prevents extremes of temperature when the sun
s at its maximum declination. This is reflected clearly from the plots of sunshine hours. There 1s a dramatic

fall in the hours of brnight sunshine during the main monsoon period.

Relative humidity is high throughout the year. Maximum values occur in July, when the mean is of the order
of 87.5% throughout the region. February generally produces the lowest values of 71% at Chandpur and
Noakhali, and about 67 % at Comilla.

Potential evapotranspiration has heen calculated using the modified Penman Method, and these estimates are
included in Tables VI.1.1 to VL.1.3. Pan evaporation measurements are made at a number of stations in
Bangladesh, but must be treated with caution. There are few countries in which practical use can be made of
pan measurements. A comparison of potential evapotranspiration estimates for Brahmanbaria is presented in
Table VI.1.4. The pan estimates (taken from Manalo, Ref. 1) are clearly inappropriate. Differences between
those estimates prepared under the present study and those of the Water Balance Study (Ref. 3) and Kanm &
Akland (Ref. 2) are partly attributable to differences in the length of available data base, but wind speed data
quality is a problem. Differences in the dry season are of rather more significance than differences in the wet
season when irrigation is not required. The reliability that can be attached to the potential evapotranspiration
estimates is not particularly high. In view of the size of differences noted in Table VI.1.4, serious efforts

should be made to rationalise the data base.
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Figure VI 1.1
Hydrometric Stations in the South East Region
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Figure VI.1.2

Climatic Norms at Comilla
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Figure V|.1.3

Climatic Norms at Chandpur
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Figure VI.1.4

Climatic Norms at Noakhali
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TABLE VI.1.1
Climatic Norms at Comilla

Parameler Apr May Jun Jul Aug Sep Oct Now Dec Jan Feb Mar Annual
Mean Temperature (¢) 27.9 38.3 28.2 28.1 28.1 | 283 | 273 24 .4 202 19.0 2].8 25.6 25.6
Relative Humidity 76.1 80.1 85.3 87.1 86.4 843 | 80.9 76.4 72.4 69.6 66.8 69.7 77.9
Windspeed (m/s) 4.3 3.8 38 3.2 3.3 2.3 2.7 2.4 240 2.2 i 2.2 3.0
Sunshine (hrs/d) 8.4 8.7 5.0 5.4 5.6 5.9 73 9.2 9.1 8.8 3.8 8.6 7.6
Peanman Eto (mm) 212 210 157 156 155 145 147 126 113 117 139 195 1872
Rainfall (mm) 192 325 416 455 368 261 174 59 38 10 29 60 @

2387

TABLE VI1.1.2

Climatic Norms at Chandpur

Parameter Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual
Mean Temperature (¢) 28.5 28.8 28.5 28.4 28.6 287 2.7 245 | 204 193 | 21.9 25.7 25.9
Relative Humidity 74.1 78.3 86.2 87.4 86.7 86.3 829 792 1.6 738 | 71.0 70.7 79.5
Windspeed (m/s) 3.0 2.5 2.1 2.1 1.9 2.1 1.3 1.3 1.2 1.3 1.4 3.0 2.0
Sunshine (hrs/d) 8.4 8.7 5.0 5.4 5.6 59 7.3 8.8 9.1 8.8 8.8 8.6 7.5
Peanman Eto (mm) 195 196 140 145 143 134 134 97 94 100 115 174 1670
Rainfall (mm) 152.0 257.0 387.0 3580 3430 | 2372 ] 126.0 7.0 | 12.0 7.0 | 18.0 66.0 1970

TABLE VI.1.3

Climatic Norms at Noakhali

Parameter Apr May Jun Jul Aug Sep Oct Now Dec Jan Feb Mar Annual
Mean Temperature (c) 279 28.5 27.8 27.6 27.4 28.1 27.4 24.1 20.4 19.5 21.6 25.5 255 |
Relative Humidity 76.6 80.4 85.6 87.5 87.2 85.0 | 823 76.7 74.9 71.0 71.5 71.3 79.2 i
Windspeed (m/s) 55 2.0 2.0 23 1.8 1.9 1.4 0.9 1.2 1.3 1.9 2.0 1.8 Ii
Sunshine (hrs/d) 8.6 8.5 4.7 5.1 5.8 5.9 7.4 93 9.1 9.0 9:l 8.6 7.6
Peanman Eto (mm) 183 183 135 140 140 134 131 108 96 103 123 169 1645
Rainfall (mm) 161.0 | 306.0 | 614.0 | 700.0 | 648.0 | 439.0 | 186.0 49.0 13.0 6.0 19.0 53.0 3194
BAANX-VI-| VL1-3
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TABLE VI.1.4

Comparison of Evaporation Values for Noakhali Area -

Method Apr May | Jun Jul Aug Sep Oct | Nov Dec | Jan Feb Mar | Annual
Pan Evaporation 124 119 95 | 69. 60 63 90 81 83 85 115 138 1122
0

Kanm & Akland 102 102 69 62 56 63 7 57 53 53 76 102 866
Evaporation

Manalo 129 133 89 %0 78 84 86 71 65 65 82 121 1093
(mean monthly)

SERM * 108 101 93 74 85 80 g6 88 73 67 73 104 1032

* Based on Brahmanbaria Pan Evaporation

Potential evapotranspiration at Comilla is significantly higher than at either Noakhali or Chandpur. The reason

for this is the higher recorded wind speeds at Comilla, possibly related to its proximity to the hills.

In an average year, potential evapotranspiration exceeds rainfall between the months of October an March
throughout the region. Rainfall in the early and late monsoon periods is highly variable however, and the
average conditions do not give a representative indication of requirements for irrigation. It is clear from
Figures VI.1.1 to VI.1.4 that there is a requirement for irrigation between the months of October and April,
even under average rainfall conditions. Rainfall and effective rainfall for agriculture are considered in greater

detail in sections VI.1.3 and VI.1.4.

The peak rainfall months in the region are June, July and August. During these three months, about 55-60 %
of the annual rainfall total can be expected.

VI.1.3 Regional Rainfall

VI.1.3.1 General

The locations of raingauges of relevance to the study have been indicated in Figure VI.1.1. The general
availability of daily data for these stations is indicated in Table VI.1.5. In general terms the continuity of
records is fairly good. A total of 40 daily gauges have been used on the study, and a data base created with

a common record period of covering the 1962-1989 water years. These 40 stations were selected on the basis
of their data availability and are highlighted in Table VI.1.5.
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TABLILE VI.1.5
Availability of Rainfall Data

Mean Daily Rainfall Data Availahility for South East Region
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VIL3.2 Data Reliability

A number of forms of anulyses have been carried out (o test the reliability of the data, including cross

correlation and double muss.

Cross correlations for ten day and monthly raintfall totals between the months of April and October are presented
in Figures VI.1.5 and VI.1.6. The correlation coetficients are generzlly higher for the monthly totals than for
the ten day totals, as would he expected, and the indication is of general consistency. The exceptions, however,
are stations R-357, R-365 and R-366. which correlate very poorly with each other and with their neighbouring
Stations. These stations are in close proximity to each other, and high correlations would have been expected.
Correlation coefficients between station R-375 and its neighbours arz also low, but not as significantly so as
with stations R-357, R-365 and R-366. There is therefore reason to suspect data quality at each of these

stations.

Double mass curve analysis has heen carried out on  each of thz four stations identified through cross
correlation analysis as having suspect data quality, and on a further :wo stations which were considered to be
typical from the correlation analysis.  The stations tested, and th= groupings of check stations used are

summarised in Table VI.1.6.

Station R-375, Ramgati, appears to have experienced some charzse in regime between 1966 and 1980
(Figure VI.1.7).  The slope of the mass curve before and after this period is similar, but seems to have
undergone progressive change in between. The mean annual rainfall total at this station is particularly high,
and it could be important to the design of drainage facilities in the south of the region. The data are apparently
unreliable and should not be used in any detailed analysis until the station history can be verified and reasons,

if any, for the apparent unreliability defined.

Station R-357, Daudkandi, appears to have experienced some chinge after 1973, and again after 1984
(Figure VI.1.8). The mass curve is typical of what could be expectec with changes in station location, and the
station history must be verified. The data for this station should no: form the hasis of any detailed analysis.

An inspection of the station history should be carried out,

The double mass curve for station R-365, Munshiganj, is shown in Figure V1.1.9. There are obvious
discontinuities in the records in 1973 and in 1980. In the daily records for 1973, the daily total of 101.6 mm
occurs on 12 occasions between April and September, which is clearly impossible. There are also frequent
occurrences of daily values of 20.3, 25.4 and 50.8, in 1973 and other years. These must in fact be missing
values, and have been set as such. In 1980, the daily records indicate only 44 mm annual rainfall for the station
and clearly the entire record for this year should be considered to be missing. With the removal of these two
anomalies, there still remain problems of changes in the shape of the mass curve, which may be due to changing
exposure of the gauge. There is therefore considerable doubt about the overall reliability of the record, and

confirmation of station history is required.
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Figure VI 1.5 \
Cross Correlations for 10 Day Rainfall Totals
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Figure VI 1.6
Cross Correlation for Monthly Rainfall Totals
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Figure VI.1.7

b

Double Mass Curve Analysis, Station R-375

Cumulative Rainfall, Stations R-354, R-360, R-356, R-362 (thousands mm)
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Double Mass Curve Analysis, Station R-357
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Figure VI.1.9

Double Mass Curve Analysis, Station R-365
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Figure VI.1.10
Double Mass Curve Analysis, Station R-366
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TABLE VIL.1.6

Rainguuges Used in Double Mass Analysis

Test Station Check Stations
R-375 R-261, R-369, R-353, R-361
R-357 R-354, R-360, R-356, R-362
R-365 R-354, R-351
R-366 R-351, R-076, R-362, R-356
R-131 R-103, R-101, R-132, R-111
R-376 R-377, R-359, R-369, R-358

The records for station R-366, Muradnagar, are clearly unreliable prior to 1968 (Figure V1.1.10). For the
purposes of the present study. this period of record has been excluded from all analyses, but it is important that
the station history be checked to ascertain the reasons for data unreliability. The other apparent problems in
the data lie in 1983 and 1984, when there 1s a significant increase in the slope off the mass curve. In 1984,
storms in June and August seem to have contributed significantly to the raintall totals, and are an order of
magnitude higher than the rainfalls recorded on the same days at station R-351, and R-357 which are nearby.
Checking of the original station records for R-366 in 1983 and 1984 is therefore considered to be advisable.
The data have not heen excluded from analysis for regional planning purposes. but should only be used with
caution until verification of the records can be carried out. Subsequent work carried out as part of the Gumti

Phase II feasibility studies has also raised some doubts about the records at station R-076.

Figures VI.1.11 and VI.1.12 present mass curves for stations R-131 and R-376. These are more typical of

expected plots for reliable data. The indications are that the rainfall data quality is, on the whole, good.

VI.1.3.3 Time Series Analysis

Time series analysis has been carried out on the annual rainfall data for stations R-131 and R-376. The records
are too short and have too many gaps to permit detection of any long term trends, but the analysis does assist
in giving an understanding of the inter-annual variations in rainfall data that exist. The missing values in the

annual totals for each of these stations also restricts the usefulness of any statistical interpretation.

Figure VI.1. 13 presents the deviations from the long term mean of annual rainfalls at stations R-131 and R-376.
Direct comparison is difficult hecause of differences in the years of missing data at each station, and the
influence of the very dry 1972 at station R-376, which was a missing year at R-131. The results of a senes
of statistical tests for randomness, trend and persistence, on the records of both stations are presented in
Table VI.1.7. At station R-131 there is some evidence of weak persistence caused by the below average raintall
after 1974, which was the wettest year on record at the station. At station R-376 the general randomness tests
are biased by the number of missing years of record. There is evidence of weak persistence, probably caused

by the bias introduced by the intluence of the very dry 1972 on the long term mean.
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Figure VI1.1.11

Double Mass Curve Analysis, Station R-131
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Figure VI.1.12
Double Mass Curve Analysis, Station R-376
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Figure VI.1.13

Annual Rainfall Deviations
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TABLE VI.1.7

Statistical Tests on Annual Rainfall

R-131, Sarail R-376. Senbag
Statistical Test
Expected Observed Expected Observed

Randomness

Median Crosses Il +/-6 12 8 +/-5 5

Turning Points 14 +/-3 13 T +/-3 3
Persistence

First Order Senal Correlation -0.05+/-0.42 -0.12 -0.06+/-0.49 0.01

Spearman Rank -0.053 +/-0.43 -0.60 -0.09+/-0.56 0.56
Trend

Rank Order -0.05+/-0.41 0.12 -L.06+/-0.47 -1.43

Mann-Whitney U Test 66 +/- 32 50 36 +/- 20 35

Wald-Wolfowitz Runs Test 12 +/-5 12 9 +/-4 10

It is difficult to draw any particular conclusions from the time series analysis, and much loager homogeneous
records would be required for any meaningful evaluation of non-stationarity to be made.

VI.1.3.4 Annual Rainfall Distribution

Isohyetal maps of mean annual rainfall, and of annual rainfall equalled or exceeded in 80 per cent of years have
been prepared and are presented in Figures VI.1.14 and VI.1.15. The maps have been prepared on the basis
of the available data at 40 stations in the region for the 1962-89 period. Infilling of missing years of data at
individual stations has not been carried out, but this is does not limit the usefulness of the mzaps as the general

data availability is good. It should he noted that the isohyets do not represent a homogeneous pattern, and that

in any particular year, the regional distribution of rainfall may be quite different to that shown.

The isohyets have been prepared by fitting a multi-quadratic surface to the irregularly spaced rainfall data
points. Unlike mathematical surfaces based on low-order polynomials, orthogonal polymomuals or double
Fourier series which are generally fitted by least squares, multi-quadratic surfaces exactly fit the data points.
In order to permit plotting, the surface has been output on a 5 km grid, and a further automatic routine

interpolating between grid points, used to plot the contours.

The highest rainfalls occur in the south of the region, particularly around stations R-375, Ramgati. There has
been some discussion about data quality at this station in the preceding section, but for the purposes of isohyetal
mapping, this and the other stations at which problems were highlighted have been included. Mean annual
rainfall at Noakhali is of the order of 3200 mm, and decreases northwards to about 2000 mm at Comilla.
- Moving north from Comilla, annual totals start to increase again towards the Sylhet depression, reaching

about 2500 mm by Nasirpur.
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Figure VI 1.14
lsohyets of Mean Annual Rainfall
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Figure VI 1.15

Isohyets of Annual Rainfall Exceeded in 80% of Years
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The influence of station R-357, Daudkandi. on the 1sohye: should also be noted. This record 1s suspect, and

results in a significant localised peak in the isohyetal patt=.

The pattern of annual rainfall distribution at 80 per cent ctoeedance probability is sumilar to that for the mean

condition, and annual totals are generally about 500 mm ~wer.

VI.1.4 Decad Rainfalls at 80 Per Cent Exceedance

Decad rainfalls at 80 per cent exceedance probability have been evaluated for every station in the region, and
are presented in Table VI.1.8. The purpose of this analys s is to provide the basis of irrigation water demand
calculations throughout the year in different parts of the rzgion. The methodology adopted has been to rank
cach series of decad totals, and to calculate the rank corressonding to 80 per cent exceedance probability using
the Blom formula; the corresponding rainfall 1s then comp ted through linear interpolation between the ranks.
It should be noted that the values presented in Table VI.1.3 do not represent a homogeneous series, and there
is no dependence between decad values. [t is also recommended that the values for the stations identified as
being of suspect data quality be ignored. Station R-367 ha: 1 large number of missing records in its daily form,

and the results from this station are therefore for a less ccmplete record period and are not representative.

Table VI.1.8, taken in conjunction with Figure VL 1.15, s ves a clear indication of the length of the irrigation
season throughout the region. North of the Gumti, there i+ no effective rainfall between mud October and mud
April. In the south of the region, it is often mid May befcre there is any significant rainfall at the 80 per cent

exceedance level.

VI.1.5 Pentad Analysis

An analysis has been carried out of 5 day rainfalls in orler to give an indication of the periods for which
supplemental irrigation could be required. For the purposss of the present analysis, a wet pentad is defined as

follows:
- the central 5 days of a fifteen day perioc in which the total rainfall exceeds 45 mm;

- the rainfall in at least one of the pentads sther than the one containing the maximum rainfall

in the 15 days must exceed 9 mm.

A typical output from the analysis is presented in Table VI.1.9. Appendix I contains the results for each of the
daily raingauges in the study area. s empﬁsed‘at the results aré-ndicative only, taking no account of;
soil conditions, water table position, or cmp_rq{gimu‘_-_mts. They are therefore only a first level planning tooln
to help identify areas in which further more detailed forms of analysis are likely to be required. The analysis

does give a good indication of the frequency with which supplemental irrigation will be required at any location.

SAANX-VI-1
. By VI.1-¢

\E




6 0 0 0 0 0 0 o 0 0 0 0 0 0 0 0 o I €1 9 L 9¢ LT sv 9 65 €5 6¢ LE € 6 pI 0L 1T o1
0 0 0 @0 ©d 0 0 0 0 0 0 0 o O o 0 0 9 ¥ 15 93 €01 SS »9 46 $3 96 Z5 1L be € 8 0 z ¢
O B & e o9 of B 60 G o0 o B o6 b CLOEL ¥E 9% EEL 9L S5 L9 SII Bl BL .8 €€ §1 iz 0 T |
0 0 0 0 0 0 0 o ¢ 0 0 0 0 0 0 0 o 1€ €€ 61 LL 611 0Z1 911 1v1 BTI ELI 821 96 T9 I1E T ¢ 0o 0
60 0 0 0 o0 o0 o 0 0 o 0 0 0 0 0 0 o 81 € L s T L9 89 29 w 8t 15 1 L1 § o g1 9
00 0 0 9 o 0 0 w0 0§ ¢ W 0 0 B 8 6L 9T »Z 66 P6 66 We UL 65 S IE W L5 1T 9 1z Ltz
e e w0 0 00 o 0 4 0 0 o 0 0 0 Iz 6 Ty oL IE1 WL (1] 01 SO1 »6 PII OIT 98 15 91 ZI T 0
0 I 0 0 © 0 0 o0 o o 0 0 0 0 0 0 o L L v v b v g 68 61 & IE w9 L 09 9 6L 6T »
0 0 0 0 0 0 0 0 0 0 0 0 o0 g 0 0 0 €& & t Ip 85 81 TEt 05 s 8¢ 6 8§ 0Z 9 05 0 ST T
g & 0 D@ 0 0 @ 0 6 % W o o 6 o o O 0 1 9 61 € s 5T el T &5 8T Bl LT L ¢ £
0 0o © 0 0 0 0 06 0 0 0 0 0 0 b o 0 Il SE €€ ¥ 68 09 OL 88 OL 98 €9 69 6 3 Y ke E
9 0 © 0 0o @ 0 0 0 0 ¢ 0 0 0 0 o o €l 5§ 8C OF SL 19 99 88 09 or 38 6 Pr 1z 6l & F g
] (1] 1] 0 ] o (4] 1] 0 o a 0 0 (] 0 0 (1] & rl LT L1 £ vz Wt 1€ 8 € ®»r ¥ ¢ IC GE 6T L 9
g 0 o 0 0 0 0 p 0 w0 O O P O 6 0 6T 1T LE 18 EIT €6 »ZI ZIL 68 ®El 16 €9 16 o7 » L T o0
0 0 0 0 o0 0 o0 o 0 0 0 0 0 0 o0 o 0 €I TI »E SE 15 LE o BE IS 5§ Sv owL o9E 1l T oL L
0 0 0 0 0 0 0 0 0 6 ¢ 0 ¢ O B 0 0 vl TZ S v I8 09 6 65 b9 1L BL 19 W L ¢ v o o
0 0 0 0 0 0 0 0 0 0 0 0 ¢ 0 0 o O L ST Or S L6 (9 €5 ol 11 OL L ZII I8 w6 t 1
00 0 0 o0 0 0 o o 0 0 0 0 0 0 0 0 Tzt 9% E» IE LS 1P 9 & 16 I8 Iv €& ¢ 1E v (Z £€€ b
0 00 0 0 0 0 02 0 0 0 0 0 o0 o 0 T 0T §1 OE 1P €9 €5 9 L v §E 19 po 8 LZ 91 LI Bl 0l
0 0 0 0 0 0 0 0 0 0 0 6 a0 0 o o I 91 L& I» 85 11105 # SL §5 £ oOf & 99 9z g 91 0 €
G b0 0 00 0 B & 0 P 0 D 0 0 0 o0 ¥ £ 6 LZ S» SE 95 9 6 85 8y I8 z9 97 9l 9 ol §
00 0 0 0 0 0 0 w0 0 0 ¢ O 6 ¢ 0 0 61 Sp LE 66 IS1 98 TIl %01 L6 s6 7L € 9% §T £ 9 ¥ o0
0 0 0 0 0 ¢ 0 0 ¢ 0 0 0 0 0 0 o 0 5§18 O0f 6 IL € 2 09 SL ¢ Z5s 1L v T 1 1z o
00 ¢ 6 0 0D 0 o o 06 0 O 0 0 O O O T1 ¥ €& 08 6 LT 6T L €€ 61 1€ s L] Gl §1 o1 9 ¢
0 0 0 0 0 0 0 0 o 0 0 0 0 0o 0 0 I 6 9€E LE 9» L 89 L 9 I9 I8 Tv 06 P9 IE €2 P | H
6 6 0 0 0 0 0 0 0 0 o0 0 o 0 0 0 0 91 ¥ ZE Ip L6 8 19 OL I L9 6f 9L LL 6E 91 8 B 0
DB 0 0 G D 0 0 B0 0D 0 o o O Or 9 € 85 IEI 58 1L PII 001 501 99 1L 89 85 L1 bl 0 o
9 9 @ © o o 0 0 00 0 0 g ¢ @ o T PL Lb ST 09 98 ¥9 LL S6 60 LS L9 OZI b9 L R T O
1992 0lIT O 0 0o 0o 0 0o 0 o 0 0 0 0o o 0 0 0 o P91 £T PE L9 IV 65 s6 b P9 9 95 IL €€ €L L T 0
0062 YITT @ 0 0 0 0 0 0 0 0 0 0 0 0 0 o o O S1 Z1 »2 8T 08 09 €€ €9 L5 b 8» S0l L9 1 Il o » 0
88LT €972 O B @@ W 0@ 00 B & 0 B 6 W@ B 6 .o LT 61 6L POI 16 ZTII SIl IL S8 16 S8 €8 99 0Z 0 o 0 0
o9ve L 0 0 0 0 0 0 0 0 o 0 0 0 0o 0o o0 0 o0 §1 ¥ 68 Tv 18 9L T9 98 If 6L 6L ZOL vp 9 8 9 0
2174 0807 0 0 0 0 0 0 0 o0 0 0 0 0 0 0o o0 0 0 9€ L v¢ v L € P S0 79 66 15 6L v Ll LE LT LT e
172z - 6661 0 0 0 0 o ¢ 0 0 0 0o 0 0 0 © ¢ o 0 LT 91 LE TE © 6 Sp 99 v 66 ST 18 6p 8T Iz T 1T §l
b {7 ed 850z @ 0 0 B 0 @ D P W B O 6 0 o 6 LU LV Iv b 95 80 Ib Sp p9 66 BZ L TE SC gC $2 €l 62
BT BEIT 6 0 0 0o 0 0 0 0 o0 o 0 0 0 0 0 0 0 61 6 SE 6E 89 19 £5 £L p9 9§ I§ €L T8 S5 T8 e 61 IZ
SSEC. "wl T 0 0 w0 0 o W o @ 000 0 0 0 0 0 O 9T IEEK E5 ¥ I 6 be $b SE BS STI T SP 9p LE 81 6L
6€1Z 6L91 ¢ 00 0 B 0 O b 0 0 0 ¢ 0 O O 0 o P2 9L AT bz Iy OF LT S§ 19 SZ 81 TOI S5 ZE 8F S oF 6
EBIT _.ﬂ 161 I 0 0 0 0 0 0 0 o0 0 0 0 0 0 0 0 0o @ LI 9€ 0T v ¥ £ Tv 69 9C PE P66 £9 LI IE O 9 £
(444 6PIT 0 0 0 0 ¢ 0 0 0 o 00 0 0 0 0 0 o & LI ot v 19 b IE 9 €9 6L SL 86 69 Iv 8 1Ip i 1
umyy e T e ovlE t (e £ €le & i T orle z vilw z ¥le z tJe z ot e z € T |
uuy %08 iy w4 uep a1 aoN O dag dny mr unp Ay dy uonng

(wiw) Aipiquqoid souwpasoxg %0 Ie s|jejurey peoaq]

8 I'IA 419V

VIL.1-10




_ TN T T

TABLE VIL.1.9

Pentad Analysis at Station R-076, Narsingdi

TRAE ws‘w!m‘m e | sz omiauv‘uxc\m‘m g
1962 -x,x‘_i_::,,: ..... i& .......... T 1::x::ixxxzzi:xzz:izx::xi:x:zxix:x:xz
IRLFIRE 2 ¢ SN & - SR 1TT . IT. T, ITIITITIIITIITITLITIITITIILLLD
1964 (2. .een... 1 — e reeeaaas 1£9200200900050605800229030805 24
1965 [33333IT. 33T it s s ¢ PR 600900 2222000529020 0030000
e T - & S, T ITETIIITITITITIITITIINIINT . 13|
1967 (27........ T, S - 130000 00cosbooc0s0s0s000so0sibs:
1968 |..... Ty T IOTIIIIITITLLTITTTITLLLLTLLIONLL 3
1969 |3, ___. 2 = S 1022000000000000000600000005500509
6L [0 [ T - . —— e - & . 16200290700000006$5000066060004-
L & T T 3IT, . TIIT,  IEOIEITTRITRIRITRIIIISTIINNSL
L P e T e R LR MR e 2eseoeosoceasoseasssstis it dhbesed
LEL TSR - o i s dBtso0oc09000000s00008 00004
1974 - S Lo s T S A SRR IO E S S AT LS ITT XTI ITLLLR
1975 1s. .t . & + & < SN £ 2 S f$o00b000000000000b0b00ds000d0s0ad
AR £ 2 1 ISR S P & 002290000098 600305969990358 05095844
T {leunidon smasanmnssnamemes 1SS oot B S 20002 0004000000007 8908520 000005091
1878 1388 s anmsmaay ST 3ot SR ¢ oo IR+ 002020902046 00009400006995000608004
1979 332,z 33 ... L SRR e 2222 e iR e 22 0so02 2200200220804 04
821 2 1963 4000002004$390509049009355454
1981 |3,..882...... 360408 o ¢ 3 SNSRI 1300902904000900099999920329970533 8P v 4
1982 |txz_ ... - S ¢ o> S jPooecisoonisasosssontissstess SN bo 4
1983 |$22........ & S S b I 094 00490049 $0900020903985599005 5
L R o Ty e PG $0000030040209099509080053 +04

TG LI U S S I I I I I I I TN
T A —— T 1$00090599290950020000200505 098554
1987 {t.......t SR Jb 2 o o o 0032022 0o 000t 20004 s S SIS
LI E & > SN S - o S j60000s00ss0ss0s0000000 iR bosce ™
1969

! ! | 1 ! ! ! | | = !
Note: * represents i dry pentad

Note:

represents a vet peatad
- representg nigsing data

VL I1-11




V1.1.6 Drainace Design Rainfalls

Frequency analyses have been carried out on all daily rainfall stations in the project area, with the exception
of the four stations identified as being unreliable. The ohjective has heen to provided the hasic data for drainage
design purposes. EV1 (Gumbel) distributions have been fitted to the annual maximum series rainfalls of the

following durations:

- 1 day:
- 2 day:
- 3 day:
- 4 day:
- 5 day:
- 7 day:
- 10 day.

The seasonality of rainfall extremes is also important and forms part of the drainage design process. This 1s
to account for the different stages of crop growth that are likely at different times of the year, as well as the
influence different drainage conditions in terms of main river levels and outfall controls. In accordance with
practice in Bangladesh, rainfall extremes have been evaluated at each of the above durations for the following

periods:

- pre-monsoon (April to June inclusive);
- mid-monsoon (July and August);

- post-monsoon(September and October).

A sample of results is presented in Table VI.1.10, and typical fitted distributions for each period at station R-
131 (Sarail) shown in Figures V1.1.16 to VI.1.19. The results for all stations are included in Appendix II.
Summary results for | day. 2 day and 3 day durations at return periods of 2, 5 and 10 years are presented in
Table VI.1.11. These vive a good indication of how conditions vary across the region. The rainfall extremes
are high by world standards. The results of the analysis are consistent with the annual rainfall distnibution, with
greater extremes in areas of highest rainfall. Of particular note are the extremely high annual maxima at

stations R-301, R-315, R-320 and R-327, which are in the Chittagong Hills to the south east of the study area.

VI.1.7 Storm Reduction Factors

An attempt has been made to investigate likely storm reduction factors in the region. Guidelines do exist in the
BWDB design manual for aerial reduction factors. These are appropriate for project design, but for the analysis
of regional events, it was considered appropriate to attempt an investigation of the order of storm reduction
factors likely to be experienced. This proved to be less successful than had been hoped, partly as a result of
missing records at some of the stations being used in analysis. The results may serve as a starting point for

further analysis at some future date.
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Figure VI.1.16

Station R-131

Annual Maximum 5 Day Pre-Monsoon Rainfall
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Figure VI.1.17

Annual Maximum 5 Day Mid-Monsoon Rainfall

Station R-131
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Figure VI.1.18

A

Annual Maximum 5 Day Post-Monsoon Rainfall

Station R-131
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Figure VI1.1.19
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Station R-131

Annual Maximum 5 Day Rainfall
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Annual Maximum Rainfall Frequencies, Station R-321, Sarail

TABLE VIL.1.10

Annual maximum Pre-Monsoon Rainfall

R-131, Sarail; Daily Rainfall {mm)

Duration Days

Return Period (years)

2 5 10 20 50
l 117 155 179 203 234
2 156 205 237 268 308
3 188 253 296 337 390
4 220 300 353 404 471
5 236 323 380 435 506
7 271 367 430 49] 570
10 329 434 503 570 656
Annual Maximum Mid-Monsoon Rainfall
R-131, Sarail; Daily Rainfall (mm)
Duration Days Return Period (years)
2 5 10 20 50
1 107 163 201 237 283
2 145 212 257 299 355
3 172 250 302 352 417
4 188 269 323 375 441
5 202 287 343 397 467
7 232 324 385 444 520
10 261 353 415 474 550
Annual Maximum Post-Monsoon Rainfall
R-131, Sarail; Daily Rainfall (mm)
Duration Days Return Period (years)
2 5 10 20 50
| R 102 119 136 157
2 100 137 161 185 215
3 113 152 177 201 233
4 123 168 198 226 263
5 134 179 209 237 274
7 146 192 223 252 289
10 172 227 263 297 342
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Annual Maximum Rainfalls (mm)

TABLE VI.1.11

Duration 1 Day 3 Day : 5 Day
Return Period 2 5 10 2 5] 10] 2 s 10
Station No. S
R-076 150 | 187 212 262, 321 360 326 401 451 |
R-101 138 185 216 223 302 354 275 359 115
R-103 156 193" 217" 246 316 362 300 392 453 |
R-105 141 | 187, 218 238‘ 316 367| 267 377 37|
R-110 145 | 177 198 247 307 347 305 380 130
R—111 148 | 199 232 251 328 379 305 390 46 |
R-131 145 192, 224 233|298 341 285 360 410
R-132 132 166 189 235, 293 331 287 352 396
R-260 154 185 205 205| 248 277 241 299 38|
R-261 134 177 206 259 359 426 325 437 511
R-301 184 262| 313|336 486 585 425 626 759 |
R-311 163 209 238 313|411 475 392 512 92
R-315 182 254 302] 3230 461 552 394 582 06
' R=320 203 251, 283 354 450 514 446 560 536
R-323 175 218 246 330 412 466 402 499 64
"R-327 184 239 276 336 457 537 402 568 678 |
' R-351 129 | 174 204 216/ 302 359 270 368 133 |
'R-352 124 1681 197 201, 291 351 247 354 124
R-353 172 227| 263 322| 42| 488 389 505 582
' R-354 132 176 | 205 200 263 304| 238 312 362
| R—355 171 229 267 298 383 439 353 434 187
' R-356 125 164 L 189 211 269 306 263 326 368 |
| R—387 119 | 1531 175 229 284 320 296 374 126
R-358 179 | 218 244 315 386 434 396 490 352
R-359 161 197 221 282 376 438 340 456 333
R-360 115 61 192 196 250 285 251 314 355
R-361 174 222 253 308 388 442 375 470 33
R-362 119 165 196 203 277 326 253 337 393
' R-363 126 | 166 193 236 304 349 302 391 149
R-364 119 | 162 191 224 298 347 282 372 132
R-365 129 173 202 230 314 369 285 399 474 |
R-366 106 61 197 179 286 357 222 337 114 |
' R-367 125 168 196 187 246 285 227! 285 323
R-369 183 220 244 292 345 380 353 425 174
R-370 153 189 212, 259 331 379 312) 39 152
R-372 115 156 184" 199 250 283 250, 313 355
| R=375 136 174 200 300 392 453 415 552 643
| R-376 178 231 266 298 391 452 356| 475 554
R-377 156 197 224 258 327 373 314 J 393 5
| R—402 146 200 236 215 282 326 259| 338 39]
BAT=VI1_|].wkI VI.1-14




A Theissen polygon network was prepared (Figure VI.1.20), and storm reduction factors evaluated for annual
maximum | day, 2 day, 3 day, 4 day, 5 day, 7 day and 10 day rainfalls at stations R-363, R-369 and R-377.

The stations used in the analysis and the relative areas were:

Station R-363, Laksham

Level 1 R-352, R-360, R-377, R-359, 2121 km®
Level 2 R-352, R-360, R-377, R-3359, R-110, R-354, R-372, R-376, R-370, 4090 knt
Level 3 R-352, R-360, R-377, R-3359, R-110, R-354, R-372, R-376, R-370, R-364, R-369, R-358,

R-355, 6409 km*

Station R-369, Noakhali

Level 1 R-377. R-376, 1195 km*
Level 2 R-377, R-376, R-358, R-353, R-375, R-364, 3988 km’
Level 3 R-377. R-376, R-358, R-353, R-375, R-364, R-372, R-360, R-363, R-359, R-370, R-355,

R-361, R-261, 8044 km’

Station R-377, Sonaimuri

Level 1 R-376, 642 km®

Level 2 R-376, R-359, 969 km’

Level 3 R-376, R-359, R-369, R-363, 2023 knr’

Level 4 R-376, R-359, R-369, R-363, R-360, R-3372, R-364, R-375, R-353, R-358, R-355, R-370,

R-352, 7475 km*

The results of the analysis, which included a number of different storm durations between | and 10 days, are
included in Appendix [II. A summary of the results is presented in Figure VI.1.21, from which the general
reduction of storm intensity with area is apparent. As might be expected, aerial reduction factors during the
mid monsoon season are higher than in the pre-monsoon period, indicating the more widespread nature of
rainfall occurrence in the mid-monsoon period.  The results are in broad agreement with what would be
expected. Considerably more work would be required before the results could be used as the basis of any
design criteria for larger project areas. The analysis has been based on annual maximum values, and a missing
value at any one of the chosen stations on the date or dates of annual maximum occurrence at the key station
causes a null result, and is indicated by an asterisk. The sample size is therefore limited. In future analyses
it will be necessary to use a greater selection of events, and to prepare isohyets for each event considered, such

that a better assessment of storm distribution is obtained.
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Figure VI1.1.20

Theissen Polygon Network
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CHAPTER V1.2 ' /
THE DRAINAGE SYSTEM
V1.2 Introduction

A general map of the drainage system in the project area is presented in Figure VI.2.1. The eatire region is
bounded to the west by the River Meghna, and it is this that dominates drainage of the greater part of the
region. At Bhairab Bazar in the north west of the project area, the River Meghna has a catchment area of
64 500 km®, The mean annual flow at Bhairab Bazar is of the order of 4 600 m’/s, but seasonally the discharge
varies between a mean monthly minimum of 260 m*/s in February and a mean monthly maximum of
12 400 m’/s in August. The Meghna is joined by the Padma about 100 km downstream of Bhairab Bazar. The
Padma carries the combined discharges of the Ganges and Jamuna (Brahmaputra) Rivers, and has a total
catchment area of somé 1 639 300 km® (Source: J.R.C) at it§ confluence with the Meghna. Mean annual runoff
in the Padma is of the order of 30,000 nr/s, and varies between 75,000 m'/s in August and 6000 m'/s in
February. The annual rainfall on the South East region, in volume terms, is less than 2% of the annual runoff
in the lower Meghna, and contributes little to the runoff in the latter. The coincidence of seasonal rainfall with
peak tlood discharges in the Mechna does, however, exacerbate internal drainage problems. The basic

parameters of the internal drainage problem of the region, are the same as those for the country as a whole.

The Meghna is the outfall water level control on drainage for almost the entire region. The seasonal range in
Meghna water levels reduces in a southerly direction towards the Bay of Bengal. Seasonal water surface
profiles between Bhairab Bazar and Daulat Khan are shown in Figure VI.2.2. The profiles shown are for
1981, but the chosen year is of no significance. At Bhairab Bazar, the seasonal range of water levels is of the
order of three metres, and there is very little tidal influence in the dry season. At Chandpur the seasonal range
in water levels is of the order of 1.5 - 2.0 m, with a tidal range in the monsoon season of the order of 0.6 m.
At Daulat Khan towards the south of the region, and close to the outfall of Rahmatkali Khal, the tidal range is
much larger, of the order of two metres, and the difference in seasonal water levels much lower, being of the

order of 0.5 metres. This variability in the range of Meghna water levels across the region does result in

different drainage problems in different parts of the region. These are discussed further in section V1.2.2.
General topography is indicated in Figure VI.2.3. Comparison with Figure V1.2.2 gives an indication of the

areas most susceptible to flooding, particularly to the north of the Gumti River. Figure VI.2.3 is at a macro
level and is included only to help illustrate the general problems. Micro relief is of regional importance and
is discussed in some detail in section V1.3.3, where the approach to regional flood risk and susceptibility is
discussed.

The internal drainage of the region may be considered under three general areas:

1) the area north of the railway line at Brahmanbaria
i) the area between the Gumti River and the railway line at Brahmanbaria
ii1) the area to the south of the Gumti River.

To the north of the railway at Brahmanbaria, there is an area of deep flooding, known as the Habiganj

depression, lying in an old meander loop of the Meghna. Drainage through this area is by the Titas River.

BAANX-VI.2 V1.2-1
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There are also areas of relatively deep flooding between the railway at Brahmanbaria and the Gumti River. The
most deeply tlooded areas are close to the Meghna. Drainage in this area is complex, with a series of
interconnected channels and remnants of former main river courses. It is difficult to identify any singularly
important main rivers, other than perhaps the Howra which flows into the Buri and Titas rivers, and the Salda
River. Some of the channels in the area had formerly been fed by spills from the Gumti River, prior to
completion of embankments and the construction of a regulator at the head of the Buri Nadi River. The area
does receive inflows from a number of rivers draining the western slopes of the Tripura Hills. These

catchments and their areas are given in Table VI.2.1 below. These are referred to as external catchments.
TABLE VI.2.1

External Catchments North of the Gumti

Catchment Area (km)
Salda 447
Sonai 176
Howra 496
Total 1119

The area in Bangladesh between the railway and the Gumti is about 1400 kn’. Thus about 50% of the drainage
through this area is generated in external catchments. During the pre-monsoon season, flash floods in these

rivers can cause serious damage.

The Gumti River is the largest drainage feature in the South East Region. At Comilla it has a catchment area
of 1950 km*. The Gumti is embanked from upstream of Comilla, almost to its confluence with the Meghna.
The annual maximum mean daily tlood in the Meghna at Comilla is 500 m*/s. During times of flood, water
levels in the Gumti are significantly higher than the surrounding land. The hydrology and morphology of the
Gumti has been the subject of recent investigation (Ref. 4). The Gumti River and its embankments form an

effective barrier across the study area.

Immediately south ot the Gumti River, the Daudkandi to Comilla road and Gumti Phase I project embankments
1solate a significant area, from which drainage in mainly west to the lower Gumti and Meghna. The area south
of the Daudkandi to Comilla road has three principal drainage features. These are the Dakatia River, the
Rahmatkali Khal, and the Little Feni River. These rivers are in fact interconnected by a complex system of
channels, but they do provide primary drainage routes. The Dakatia River does have its source with the
Sonaichari River which drains a small catchment in the Tripura Hills. The Little Feni collects drainage from
a number of catchments in the Tripura hills, but these are all significantly smaller than those north of the Gumti.

The hill catchments draining into the area south of the Gumti River are listed in Table VI.2.2 below.

BAANX-VI-2 VI1.2-2




TABLE V1.2.2

External Catchments South of the Gumti

Catchment Area (km?)
Sonaichari (Chowara) 64
Pagli South (Shuagazi) 56
Kakn 76
Kakr South 45
K2 68
Total 309

The catchment marked as K2 in fact contains diffuse drainage over a length of some 27 km of the Little Feni.
These catchments, although small, do bring in significant sediment loads to the river system, and also cause

flash floods. Unfortunately none are gauged.

Rahmatkali Khal forms the principal drainage route in the south of the region. Formerly, before completion
of the coastal embankments and polders, it is believed that Noakhali Khal was more important. However, with

land accretion in the south, the primary drainage route from the Noakhali area is now to the west.

The general drainage system is a complex network of interconnected channels, in which flow directions often
reverse. Almost the entire system is inter-linked, and changes to one part of the system have an impact else
where. The evaluation of project impacts on flood levels thus requires the use of sophisticated hydrodynamic

modelling techniques.

V1.2.2 The Present Flood Problems

YI1.2:2:1 Seasonal Flood Characteristics

Much of the land in the project area is regularly flooded.  The flood problem cannot be considered in terms of
depth of tlooding alonegghowever. The timing, rate of rise, and duration of flooding are, in addition to the
flood peak attained, very important factors influencing agricultural damage and cropping patterns, and indeed

general disruption caused. Seasonality of flooding is therefore a key variable.

In terms of seasonality, the flood problems are:

pre-monsoon April-June rapid rise in water level before boro crops are harvested, and

kharif I crops planted; loss of young crops and seedlings;

monsoon July-August the rate of rise of flood levels exceeding the rate of growth of rice;

peak main river levels and prolonged flooding, partly through

BAANX-VI2 V1.2-3
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backing up from the main nivers, and reduced gradients for local
rainfall; duration of flood inundation is important, and whether

tlood water is clear or sediment laden;

post-monsoon  Sept.-Oct. drainage at too slow a rate to permit timely planting of certain

crops;

In addition to the above flood periods, the general categories under which flooding in the region can be

considered are:

- monsoon floods from the River Meghna and Lower Meghna;
- flash floods from those rivers rising in the Tripura Hills to the east of the region;
- localised flooding as a result of heavy and intense rainfall;

- floods resulting from storm surges in the Bay of Bengal.
VI.2.2.2 Sub-Regional Flood Characteristics
The above categories of flooding atfect ditferent parts of the region to different degrees, as has been introduced

in section VI.2.1. Following from that introduction, it is apparent that for the purposes of tlood assessment,

and for the definition of design approaches, the study area might best be considered under five zones:

1) north of the railway at Brahmanbaria;
i) hetween the railway and the Gumti River;
1) the area between the Gumti and the Dakatia rivers;
) the Little Feni catchment;
v) the area south of the Dakatia river.

The area to the north of the railway is very deeply tlooded, and the primary control is in fact the Meghna River.
Closer to the Tripura Hills. flash flooding can be a problem in the pre-monsoon season, and of course
throughout the area the rate of nise of Meghna water levels is of importance in determining potential damage
to crops on low lying land. This area requires consideration with the North East Region, as it has no natural
northern boundary, and any works that might be undertaken would influence, and be influenced by, other works

outside the project area.

The area between the railway and the Gumti River is well defined, and although linked to the north by cross
drainage beneath the railway, and also linked to the Gumti River with a regulator at Bun Nadi, the area has
fixed physical boundaries. Problems of drainage within the area are very similar to those experienced to the
north of Brahmanbaria, and the areas close to the Meghna are particularly susceptible to deep flooding. The
tlood problems of this area have been considered is some detail at feasibility level as part of the Gumti Phase [1
feasibility studies (Ref. 5). Dunng the main monsoon season, the Meghna dominates flood extent in the area,
and in the northern part of the area, there is very little west to east gradient, as indicated in Figure VI1.2.2.
From the elevation area characteristics published for MPO planning areas 29 and 31, and water level records,

it is apparent that the Meghma is the primary source of prolonged monsoon flooding.
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South of the Gumti to the Dakatia river, the flood problems are less directly associated with inundation from
the Mechna, than with impediment to the drainage of local rainfall caused by high outfall water levels in the
Meghna. It has been noted by some observers that flood waters are relatively clear in this area, indicating their
main origin to be local rainfall rather than the Meghna. It is, however, the Meghna which ultimately does form
the control on the potential drainage of the area, There are areas of deep flooding to the east of the Meghna
Dhonagoda project area, but there is less susceptibility to flash flooding than in the areas to the north of the
Gumti, or in the Little Feni catchment. A number of roads also form natural drainage barriers in the region.
These include the road from Matlab Bazar to Chandpur and to Eliotganj, and the Chandpur to Comilla road.
These roads apparently have adequate cross drainage provision, but they do impede floodplain flow. The
Dakatia River forms the main arterial drainage for the area, discharging westwards to the Meghna at Chandpur,

There is, however, a very complex interconnected network of channels.
ry

The Little Feni River drains to the south from Comilla, collecting drainage laterally from the Tripura Hills, and
from its own catchment area in Bangladesh. The hill catchments draining in to the Little Feni have a total area
of 309 km*. The catchment area of the Little Feni in Bangladesh is some 570 km®. There are flash flooding
problems from the Tripura Hill catchments, some of which (notably the Kakri) carry substantial sediment loads.
Sediment deposition can result in further drainage problems. The Little Feni is regulated at its lower end by
Kazirhat regulator.  This prevents the ingress of saline tidal water during the dry season, and provides a
reservoir for irrigation. During the monsoon the regulator is kept open, but problems can occur in the pre-
monsoon season as estuarine silts deposited downstream of the regulator during the dry season require
excavation before the tidal flaps can be operated. There are & number of drainage connections from the Little
Feni system to the Dakatia system, and to the Noakhali area, although the primary drainage is southwards

through the main channel.

In the area to the south of the Dakatia River, the drainage is provided primarily by the WAPDA Khal and the
Rahmatkali Khal. This area is generally considered to suffer from congested drainage, and one of the most
notable features is the Begumganj depression which is seasonally flooded. It is thought that there may have
been some deterioration in drainage of the area following the completion of the coastal embankment and polder
projects. At Noakhali for example, the maximum tidal range has declined from 2.6 m in the 1960's to about
0.35 m now, indicating the general loss of channel capacity, and the impact of accretion and land formation to

the south.

The nature of the drainage system throughout the region is such that specific areas cannot be considered in
isolation.  Although division into zones is useful in the definition of primary flood mechanisms and design
requirements, the holistic view of the system and its seasonal flood response must not be lost. It was for this
purpose that the South-East Regional Model (SERM) was created. The model is discussed in Chapter VI.3.

V1.2.3 Data Availability

V1.2.3.1 General

The locations of water level and discharge measurement stations in the region are given in Figure VI.2.1. Data
availability for these, and for the main river stations is summarised in Table V1.2.3. A considerable volume

of additional field data was collected for the region as part of the SWSMP. No additional field data were
collected as part of the regional study.
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‘ VI.2.3.2 Dischurge Measurement

There are very few relevant discharge measurement stations in the region. Table VI.2.3 indicates a total of 10
stations in the region, but they are in fact of limited value to the regional study. The station at Bhairab Bazar
(273) on the Meghna is a strategic station in the national hydrometric network, but other than assisting in
detining boundary tlow conditions in the Meghna, gives little insight to conditions within the region itself.
Discharge stations in the north of the region include Ganga Sagar Railway Bridge (123), Shaistaganj (158.1),
and Brahmanbaria Railway Bridge (3A). All of these stations are affected by backwater effects from the
Meghna, and stable ratings do not exist. At Brahmanbaria Railway Bridge. flow measurement has now bezn
abandoned, and some uncertainty exists over the quality of data for Ganga Sagar Railway Bridge and

Shaistagonj.

The tflow record at Comilla (110) is almost complete from 1965, and is free from any backwater influences from
the main rivers. This is an important station, being representative of Tripura Hill catchments. The Gumu 1s
also gauged at Jibanpur, as is the Bun Nada River (114). Flows to the Buri Nadi River are controlld,
however, and the record is thus of limited value.  The Little Feni River is vauged at Gunabati Railway Bridge,

but in effect there is only one year of monsoon discharge data at this station. The record is thus of little value,

The stations at Kaliachari (84.1) and Parshuram (212) are in the Muhun catchment. They are indicative of
runotf conditions from Tripura Hill catchments, and are also of direct relevance to investigations of Muhuri

Reservoir.

| There is effectively very little discharge data for the study area, and the majority of inflows from the Tripura
Hills are engaged. Most of the discharge data indicated in Table V1.2.3 are available in digital form, but little

is of direct relevance for the purposes of the present investigations.

Y1.2.3.3 Water Level Data

Water Level data in the study area is generally more widely available than streamflow, as indicated in
Figure VI.2.1 and Table VI.2.3. For the South East Region, many of the data are tidal, however, and usual
‘ practice is to record daily maximum and minimum levels. Unfortunately. daily data are only available from
1983 in digital form. Resources were not available to the present project to encode all of the available daily
water level records. Maximum 10 day water levels for the period April to October have been encoded,
however, and combined with similar data extracted from the existing digital daily water level data base. These
‘ data are presented in Appendix [V. At tidal stations, the data base includes daily tidal range, and these data

have been available for preliminary engineering evaluations of tidal drainage structures.

The water iavci data base is adequate to give an indication of historical flood problems over the region. There
are notable gaps in the data coverage, however, particularly in the area to the south of the Gumti River. There
are generally fewer problems associated with water level data than river flow data, although problems have been
noted with gauge datums at a number of locations, notably Daulat Khan. Such problems stem from difficulties
in transferring bench marks across large expanses of water, and of course from the usual problems of gauge

settlement or gauge re-establishment following damage.
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Availability of Water Level and Discharge Data

TABLE VI.2.3

Mecan Daily Discharge Availability for South East Region

No.[Station Name

SR TGTOZ 03 3162 60107 ]

[ 3A
84.1

Brahmanbana Rly Bridge
Kalichari

110 | Comilla

114 | Iibanpur (Gumti)

114 | Jibanpur (Burinadi)

123 | Ganga Sagar Rly Bridge
158.1 | Shaistagan;j

181 | Gunabati Rly Bridge

212 | Parshuram

273 | Bhairab Bazar
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74 | Matlab Bazar

79| Matlab Bazar

86 | Dhoomghat

87 | Charsonapur

110 | Comilla

114 | Iibanpur (Gumiti)
114B| Iibanpur (Burinadi)
115 | Duadkandi

123 | Ganga Sagar Rly. Bridge
157 | Ballah

158 | Chunarghat

158.1 | Shaistagan)

| 181 | Gunabati Rly Bridge (d)

| 181A|Gunabati Rly Bridge (u)
182 | Companiganj

213 |Hanpur
21 |Noadona
222 | Noakhali
230.1 | Bhairab Bazar Rlv Bridge
| 239 | Lakshmipur
240 | Bhawaniganj

257 | Malipur

272 | Madna

| 272.1 | Austagram

273 | Bhairab Bazar
274 | Narsingdi
275 | Baidyer Bazar

275.5 | Meghna Ferry Ghat

276 | Satnal

277 | Chandpur

280 | Sutang Rly Bridge

295 | Ajabpur

296 | Akhaura
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298 | Habinagar
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Main River Average Daily Water Level data Availability
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VI1.2.3.4 Sediment Data

Sediment deposition from rivers rising in the Tripura Hills is a problem in several areas. There are, however.
very few sediment data available for the region. There is no routine sediment or water quality sampling at any
location in the region. Some data have been collected by the Surface Water Modelling Centre, on the Gumti
at Comilla and on the Buri Nadi at Jibanpur. Sediment data were also collected as part of the "Hydrological
and Morphological Studies of the Gumti-Titas and Atrai Basins” (Ref. 4). Sampling points included the Gumti
at Comilla and the Howra at Ganga Sagar. Data are available for one complete wet season, and their use on

the present study is discussed in section VI.2.5,

V1.2 4 Analysis of Available Data
VI.2.4.1 General

The analysis of flood conditions within the project area has been largely based on computational hydraulic
modelling, in view of the complexities of the system. The extent of more traditional forms of analysis in flood

hydrology, has therefore been at a fairly general level, and is discussed in the following sections.

Analyses have been made of all primary streamflow and water level data relevant to the project area. The focus
has been on water level data, which is most widely available and which for the flood alleviation aspects of the
project, is perhaps of most relevance. Some analysis has also been carried out of the water levels and
discharges on the main river systems in order to help put the recent floods into perspective, to assist in defining
appropriate distributions for regional multi-station analysis, and to test the data for non-stationarity. Much of
this analysis preceded FAP-25 (Ref. 6). Analysis of streamflows has effectively been restricted to the Gumti
at Comilla, although use has been made of flow records at Pashuram and at Kaliachari in the assessment of

water resources for Muhuri Reservoir. This is discussed in more detail in Chapter VI.5.
V1.2.4.2 Analysis of Main River Data

In view of the fact that the study area is bounded by the Meghna, and that flooding through much of the project
area is controlled by the Meghna, either directly or indirectly, an analysis and understanding of the boundary

conditions i1s important.

The manner in which the boundary conditions could change in the future under different scenarios of flood
mitigation upstream of the study area is an output of the hydrodynamic modelling studies undertaken by FAP-25
(Ref. 6). It was considered important, however, to try and assess whether or not there were any underlying
trends of increasing flood magnitude or frequency resulting from upper catchment activity, which should be
incorporated in the analyses. In order to ascertain this, trend analysis has been carried out on the series of
annual maximum water levels at Bahadurabad, Hardinge Bridge, and Baruria. The results of a number of
statistical tests are presented in Table VI.2.4. These are on the basis of the common data period 1964-1988,
the maximum record available at the time of the analysis. The deviations from the mean and the five year

moving mean for each station are presented in graphical form in Figure VI.2.4.
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TABLE V1.2.4

Statistical Tests on Annual Maximum Water Levels

Statistical Test Bahadurahad Hardinge Bridge Baruria

Expected Ohserved Expected Observed Expected Ohserved
Randomness
Median Crosses 11 +/-6 9 Il +/-6 17 11 +/-6 I
Turning Points 14 +/- 3 13 14 +/-3 16 4 +/-3 14
Persistence
First Order Serial -0.04 +/-0.41 0.06 -0.04 +/- 0.41 -0.18 -0.04 +/- 0.4] 0.13

Correlation

Spearman Rank 0-05 +/- 0.41 0.01 -0.05 +/-0.41 -0.28 -0.05 +/-0.41 Q.17
Trend

Mann-Whitney U 72 +/- 34 65 72 +7- 34 46 72 41 34 69
Test

Wald-Waolfowitz 13 +/- 5 11 134745 10 1341-5 15
Runs Test

The annual maxima series indicates that there is no detectable trend of increasing flood frequency at either
Bahadurabad or Baruria, although at Baruria, 1987 and 1988 provided the two highest events on record. There
is very weak evidence of a trend of increasing flood levels in the Ganges at Hardinge Bridge, however. The
indication from Figure VI.2.5 is that peak water levels at Hardinge Bridge have been consistently higher since
1976. This could he due to morphological changes following construction of Farakka Barrage. and would be
worthy of further investigation in view of the importance of the station. For the purposes of the South-East
Regional Study, the evidence of the Baruria record is sufficient to indicate the absence of any trends of
increasing flood levels at the present time. This is not to say that trend does not exist, only that it is not

detectable with the present data set, which is in any case rather short for this form of analysis.

General Extreme Value distributions have been fitted to the series of annual maximum water levels at each of
the main river stations. It is generally preferable to work with discharges in order to avoid stage induced
influences when rivers go out of bank, but the analysis was intended to be preliminary and would in itself
indicate whether or not considering a single population is appropriate. At Hardinge Bridge and Bahadurabad,
statistically the best fits are produced by Type III distributions. At Bahadurabad, this is in part due to bias
caused by the lowest event on record, and a Type | distribution in fact gives a better fit to higher levels. At
Baruria the hest fit is provided by a Type | distribution. Plots of the fitted distributions are presented in
Figures VI1.2.5 to V1.2.8. Good fits have been achieved in all cases. At Baruria, which is the station of most
relevance to the present study, the 1988 flood was the highest on record, with a return period of about 50 years.

The return period of the 1987 tlood at Baruria was about 20 years. A fuller treatment of main river flood

BAANK-VE2 V1.2-9




Figure VI1.2.5

Annual Maximum Water Level Frequencies at Hardinge Bridge
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Figure VI.2.6

Annual Maximum Water Levels at Bahadurabad - EV3
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Figure VI1.2.7

Annual Maximum Water Level Frequencies at Bahadurabad
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Figure VI.2.8
Annual Maximum Water Level Frequencies at Baruria
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characteristics has heen provided under FAP-25. The analysis presented here was carried out in order to zain
4 preliminary understanding of the importance of different aspects of the flood problem. rather than as a possible

basis for any design or evaluation work,
VI.2:4.3 Analysis of Water Levels in the South East Region

There has been discussion at various stages during the Flood Action Programme about the most appropnate
choice of statistical distribution for frequency analysis of both water levels and discharges. The analysis for
the South East Regional Study preceded much of this discussion, and it was considered that at a regional
planning level it was not appropriate to go into great detail in assessing the most appropriate statistical
distribution for each station or group of stations, although this could be a requirement where the data of
particular stations are being used at full feasibility level, or in detailed design. Analysis showed that application
ot Extreme Value Type | distributions provided yood fits to the main station data on the Meghna, and this
distribution was therefore used throughout. The fitted distributions to the series of annual maximum daily water
levels at Chandpur, Satnal and at Baidyer Bazar, are shown in Figures V1.2,9 to VI.2.11. The EV distribution
apparently fits the data well. and for the purposes of r=zional analysis it has been considered approprniate to
adopt this. Tabulated values of estimated water levels at these locations are presented in Table VI.Z.5. Itis
of particular interest to note the range of variability in levels at different locations. At Chandpur, the 50 vear
flood level is only 0.61 m above the 2 year tlood level. while at Baidyer Bazar, the 30 year flood levzl is
[.18 m above the 2 year flood level. The northern parts of the region are therefore expected to be more

susceptible to the influences of major river tlooding than the southern parts of the region.
TABLE VI.2.5

Annual Maximum Water Levels

Annual Max., Water Level (mPWD)
Return Period 1
(years) Chandpur Satnal Baidyer Bazar

1.01 4.42 5.64 4.85

1:25 4.61 4.94 5.21

2 4.78 5.18 5.49

5 4.96 5.47 5.83

10 5.1 5.7 6.12

20 5:22 5.88 6.32

50 5.39 6.13 6.67

Typical mean high and low water surface profiles for the Meghna between Daulat Khan and Bhairab Bazar have
heen shown in Figure V1.2.3, for the months of May and August. These give an indication, of the range in

BAANX-VI-2 VI.2-10




Figure VI.2.9
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Figure VI.2.11

Annual Maximum Water Level Frequencies at Baidyer Bazar
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water levels that can he expected in ditferent parts of the region. [t should be noted that the stations used
upstream of Bhairah Bazar are not main river stations, and in real terms are at a similar chainage to Bhairab
Bazar. [t is thus to be expected that the seasonal vanation in flooded areas in the north of the region will be
much greater than in the areas south of the Gumti. Similarly, the impact of flood extremes could be greater

in the northern areas, subject of course to the overall distribution of land levels relative to flood levels.

Regionally, frequency analysis has been carried out on all available records of 10 day water levels. For the
period April to October, frequency distributions have been fitted to each 10 day period, resulting in a series of
independent seasonal water level frequency estimates.  The full results of the analysis are presented in
Appendix V, and a sample table shown in Table V1.2.6. The analysis provides a preliminary basis for the

evaluation of embankment design for both full polder and submersible embankments. In conjunction with local

topographic data it will also give an indication of flood risk on different land types. The seasonal presentation

of results permits tlood levels to be related directly to cropping conditions.

It was also considered important to prepare flood level frequency duration tables, from which an indication of
the duration of inundation to certain flood depths could be obtained. The results of the analysis could also be
related to elevation area characteristics for different parts of the region in order to give preliminary indications
of flood depth area frequency relationships. Flood level frequency duration tables have been prepared for each
of the water level stations in the area. The full results of the analysis are presented Appendix VI. Table VI.2.7
presents the typical results output format. A summary of the results for selected flood durations and return

periods is presented in Table VI.2.8, and serves to give an indication of variability across the Region.

With the exception of the main river station data, the analysis discussed above is not based on homogeneous
record periods, but utilises all available data at each station. It will be noted from Table VI.2.3 that at some
stations record periods are very short. Caution must therefore be exercised in the use of any the results. The

purpose of the analysis was broad level planning and this must be borne in mind.

Frequency analysis based on historic water levels are of value in identifying appropriate design events, or
preliminary outline design criteria.  The statistical analysis of the historic record cannot however, be used as
any form of predictor for flood levels that might be expected under future embanked river or polder conditions.
The evaluation of such situations requires the use of hydrodynamic modelling techniques. These are discussed

in Chapter VI.3.

V1.2.4.4 Analysis of Discharge Data

The analysis of discharge data has effectively been limited to that of the Gumti at Comilla, for reasons of data
availability and quality. For the purposes of the regional study, the main objective of analysing the Gumti
record has been to gain some understanding of the likely flood response of those rivers draining from the
Tripura Hills into the project area. In terms of the developable water resources in these rivers, the findings of
the National Water Plan have been that all dry season inflows from these rivers are fully utilised at present.
There has in fact been a slight increase in dry season flow availability in the Gumti in recent years, but this is

related to the phasing of development works upstream, and is unlikely to continue.

BAANK-VI-2 VI.2-11
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TABLE VL2.7

Flood Level Frequency Duration at Station T-3A

T-3A, Brahmanbaria Railway Bridge : Maximum 10 day levels, April - October
Duration Return Period (Years)
Davs
. Y | 1.25 2 5 10 20 50
20 5.88 6.02 6.36 6.82 48 & 7.41 7.79
30 5.80 5.92 6.19 6.56 6.81 7.04 7.35
40 5.68 5.78 6.01 6.32 6.53 6.72 6.98
50 5.58 5.69 5.93 6.27 6.49 6.70 6.98
60 5.49 5.60 5.87 6.22 6.45 6.68 6.97
80 5.28 5.39 5.65 6.01 6.24 6.47 6.76
100 4,92 5.03 5.29 5.64 5.87 6.09 6.37
120 3.98 4.15 4.53 5.05 5.40 533 6.15
150 2.54 2.74 3.20 3.82 4.23 4.62 313
TABLE VIL.2.8

Summuary of Flood Level Duration Frequencies

Duration 20 Days 40 Days 60 Days
Return
Periad 2 5 10 2 5 10 2 35 10
Station
W-110 10.34 11.01 L1.45 9.84 10.49 10.91 9.42 9.95 10.29
W-113 7.69 8.25 8.62 7.27 7.80 8.16 6.80 7.38 1.76
W-114 6.81 7.05 7:21 6.45 6.75 6.95 6.27 6.53 6.73
W-123 5.84 6.24 6.50 5.57 5.84 6.02 5.47 5:75 5.94
W-157 21.59 22.42 22.97 20.95 21.49 21.48 20.65 21.16 21.50
W-158 15.48 16.07 16.45 14.63 15.18 15.54 14.36 14.78 15.05
T-3A 6.36 6.82 7.12 6.01 6.32 6.53 5.87 6.22 6.45
T-79 4.75 4.98 §:d2 4.58 4.81 4.95 4.45 4.62 4.74
T-115 5.11 5.48 5.73 4.90 5.22 5.44 4.79 5.10 5.30
T-230 6.44 6.86 7.14 6.03 6.40 6.65 5.87 6.30 6.58
T-240 3.45 3.88 4.17 3.37 3.78 4.06 3:21 3.65 3.94
T-275 5.20 5.61 5.88 4.96 5.22 5.39 4.81 5.09 5.27
T-276 4.86 5.16 5.36 4.67 4.93 5.10 4.51 4.74 4.88
T-277 4.43 4.64 4.78 4.31 4.49 4.60 4.23 4.38 4.48
T-296 6.38 6.85 7.16 6.03 6.38 6.62 5.89 6.27 6.51
T-298 6.05 6.44 6.69 5.73 6.01 6.19 5.61 5.91 6.10
BAANK-VI-2 VL.2-13
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The Gumti records at Comilla have heen tested for trend and persistence. Both mean annual runoff and annual
maximum flood discharges have been evaluated. The results of the statistical tests are presented in
Table V1.2.9, and the data presented in Figure VI.2.12. There is no evidence of persistence or trend in either
the mean annual runoffs or annual maximum flood discharges in the Gumti. The situation with regard to mean
annual runoff may change with future developments upstream, but it is unlikely that there will be any significant

change in the flood response of the catchment.

TABLE VI.2.9

Statistical Tests on Gumti Flows at Comilla

Mean Annual Flow Annual Maximum
Statistical Test
Expected Observed Expected Observed

Randomness

Median Crosses 11 +/-6 9 11 +/-6 11

Tuming Points 14 +/-3 11 14 +/-3 12
Persistence

First Order Serial Correlation -0.04+/-0.41 0.03 0.04+/-0.41 0.20

Spearman Rank -0.05+/-0.42 -0.08 0.05+/-0.42 0.10
Trend

Rank Order -0.04+/-0.40 -0.06 -0.04 +/-0.40 -0.06

Mann-Whitney U Test 72+ /-34 67 72+/-34 70
Wald-Wolfowitz Runs Test 13+/-5 12 13+/-5 12

The Gumti is a flashy type of river, and its' response is likely to be typical of many of the other smaller rivers
draining from the Tripura Hills. Figure V1.2.13 shows a typical annual hydrograph for the Gumti at Comilla.
This is quite different to those of the main rivers, exhibiting direct rainfall response. Frequency analysis has
been carried out on the annual maximum series of mean daily flows on the Gumti. The results are summarised
in Table VI.2.10. The objective of the analysis has been to evaluate characteristics which might be transposed
to the other cross boundary rivers on the basis of catchment area. Of interest therefore is the growth factor on

the frequency distribution, as well as the specific mean annual flood discharge.

Other records which were thought to be of potential value in assessing flood frequency for cross boundary rivers
were those at Shaistagonj (158.1), Parshuram (212), and Kaliachari (84.1). The records at Shaistagon) are
thought to be unreliable. Figure VI.2.15 shows a plot of deviations from the mean of annual maximum floods
at Shaistagonj. There are clearly inconsistencies at the station, which could not be resolved as part of the

present study. The record at Shaistagonj has not been included in analyses.
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Figure VI1.2.12

Annual Runoff at Comilla
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Figure VI.2.13

Annual Hydrograph for the Gumti at Comilla

13
12
Ell -
o
3 }
S lli
210 -
= l
] | |
e} I {
w I!1| |
2o AT
8_ 1
™
7 I T T ) 1 | i l
Apr | June | Aug | oct | Dec Feb
May July Sept Nov Jan - March

Months in 1985/86 Water Year




UE
Figure V1.2.14

Annual Maximum Discharge at Shaistagonj
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Annual Maximum Discharge at Parshuram
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TABLE VI.2.10

Flood Frequencies, Gumti at Comilla

Return Period Estimated Maxima QQ.__..
(years) (m’/s)
2 468 0.94
5 630 1.27
10 738 1.48
20 842 1.69
50 975 1.96

At Parshuram there is also apparently a trend of increasing flood discharge (Figure VI1.2.13), although the
possible reasons for this are unknown. [t has not been possible to investizate this. At Kaliachari there are
problems with the streamtlow record, and in August 1982, the equivalent runotf depth over a four day period
from the catchment was over 1500 mm. The maximum rainfall recorded in the area at this time was 357 mm,

and there are therefore problems with this record.

Regional flood frequency analysis was carried out as part of the Water Balance Studies (Ref. 3). General
consistency was found in regional growth curves. The results from the Water Balance Studies are plotted with
those for the Gumti in Figure VI.2.16. There is excellent agreement, and use of the growth factors on mean
annual tloods is considered to be an appropriate means of estimating cross boundary flood flows into the region.
The difficulty remaining is in evaluating a mean annual flood for any particular catchment area, given that only
the Gumti is gauged. The mean annual flood on the Gumti has a specific peak mean daily discharge of
0.26 m*/s/km". On the Muhuri at Pashuram the mean annual flood has a specific peak mean daily discharge
of 0.52 m*/s/km-. Rainfall over this area is significantly higher than at Conmulla, and this combined with a
smaller catchment area, results in a higher specific discharge. This analysis has not therefore resulted in any
quick assessments for flood peaks from ungauged catchments. The data available are annual maximum mean
daily flood discharges, and not instantaneous Hlood peaks. [t is not considered appropriate to use the specific
discharge approach for any of the smaller ungauged catchments. [t 1s recommended that for investigations of
specific areas, a synthetic unit hydrograph approach be adopted. An appropriate methodology for the hill
calchments would be the USSCS method (Ref. 7). This€ould be used with rainfall estimates from Bangladesh,

and catchment characteristics estimated from available mappmg or imagery. Application of the USSCS method

to catchments draining through the Sonaichari area south of Comilla is included in Appendix VII.

VI.2.5 Sediment Discharges

The availability ot sediment discharge data for the region is quite limited, as discussed in section 2.3.4. Work
on the Hydrological and Morphological Study of the Gumti, Titas and Atrai Basins (Ref. 4), has however, given

some general figures on typical size fractions and annual sediment yields, and these are considered to be
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Figure VI.2.16
Regional Growth Curves for Flood Frequency
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appropriate for outline plunning purposes in the region.  The annual sediment yield from the Gumti was
estimated to be 770 tonnes/km~/year, which compared well with a previous estimate for a catchment in north-
east India of 700 tonnes/km=/year (Ret. 8). Studies of reservoir sedimentation in India have indicated sediment
yields of the order of 600 to 1400 tonnes/km’/year for catchments in Southern India of less than 150 km-.
Similar measurements for mountain catchments in Northern India indicated annual yields of the order of 1200
to 2000 tonnes/km. For smaller catchments draining from the Tripura Hills, sediment vields could be in excess
of those estimated for the Gumti. Annual sand extraction from the Kakri River is equivalent to a yield of 490
tonne/km”.

The composition of Gumti sediment was 700 tonnes/km?/year of silt, and 70 tonnes/km*/year of sand.

Morphological modelling runs carried out on the Gumti adopted a sand size of 0.2 mm, and a silt size of
0.03 mm.
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CHAPTER VL3

THE SOUTH EAST REGIONAL MODEL

WiIL3:1 General

The Surface Water Simulation Modelling Programme (SWSMP) in Bangladesh commenced in 1986, following
a report commissioned by the Master Plan Organisation (MPO), which recommended that mathematical models
‘ be applied to analyse the hydrological and hydraulic processes of the river systems. The objectives of the

! programme were:

“to develop a fully operational model of the South East Region; and to develop a structured approach

to modelling with a general model covering the whole country.”

Training formed a very important part of the programme. The Surface Water Modelling Centre (SWMC)
existed until 1992 as part of the MPO, but is now attached to the Rivers Research Institute (RRI). There is
active support from the Bangladesh University of Engineering Technology (BUET), and from the Danish

Hydraulics Institute who are consultants to the programme.

Application of the modelling approaches was shown to be successtul, and a second phase, in which models are

being developed for the entire country commenced in December 1989. These models form a particularly

significant part of the evaluations required under the Flood Action Plan. The objectives of Phase II of the
"SWSMP were:

- to maintain existing and develop further regional surface water models in response to the

countries need;

c to demonstrate the practical use of the modeds in planning and design, and in flood

torecasting;

- to consolidate and extend the local capacity and capability in mathematical modelling:

E to ensure long-term sustainability of the establisbed technology.

| For the purposes of the South East Regional Study, both the General Model and the South East Regional Model
(SERM), were of particular importance. The General Model can be used to evaluate the response of the main

river systems to regional development programmes, and hence to the impact of such developments on main river

levels forming regional boundaries. The regional model utilises these in the evaluation of internal conditions

in the region.
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VI.3.2 The South East Regional Model

The south-east regional modz| covers the area bounded in the west be the Meghna River, in the east by the

Indian border, in the north by the Bhairab to Comilla railway line, and in the south by the Bay of Bengal,

The model was initially set up using the NAM hydrological modsl to provide the local rainfall runoff response,
and the System 11 hydrodynamic model developed by the Danish Hydraulic Institute. An extensive field
programme was carried out as a part of the Phase I activities, including the establishment of 119 water level

stage boards, 14 discharge stations and six raingauges, in addition to utilisation of existing BWDB stations.

The catchment delineation and associated raingauges used in the NAM model are shown in Figure VI.3.1. A
total of 24 catchments have heen defined. Calibration of the NAM model was primarily against observed
groundwater levels in view of the lack of discharge observation stations and the degree of interconnection
between catchments through the river system. Independent calibration of NAM was initially carried out on the
period April 1986 to October 1987, and was generally very good. Some 26 BWDB observation wells were used
in the calibration. Calibration was found to be sensitive to surface detention storage capacity, overland runoff
coefficients and thresholds for this and groundwater recharge. A full description of NAM and of the
preliminary calibration is given in the SWSMP Phase | report (Ref. 9). The NAM calibration has made the
best possible use of available data in the region, but the lack of calibration on discharges could be a limitation
for some applications. Sensitivity analysis will be required at feasibility and design stage studies in order to

evaluate the possible impacts of inaccuracies in either model calibration or structure.

The System11 model was set up with 175 channel reaches and 100 nodes. Some 230 river cross sections were
surveyed, and floodplain topography defined to some extent from the MPO 1 km grid of land levels (this was
a data base developed for water resource investigations and is discussed in section VI.3.3). In view of the DOS
operating system limitations, the model was set up in two parts, effectively divided by the Daudkandi to Comilla
road (Figure VI.3.1). The road does form a natural divide, and water level stations were set up by the SWMC
in order to provide control or the model. The Systemll model included 12 discharge and 12 water level
boundaries. In the southern part of the modelled area, the boundaries were set upstream of the existing
regulator structures at Kazirhat and Rahmatkali. This proved necessary in view of the uncertain operation of
the structures, and the necessity of very short time steps had they been incorporated in the model. The

Systeml 1 network as used in Phase I is shown in Figure VI.3.2

The calibration results achieved with the System11 model were, on the whole, extremely good. Discrepancies
in the simulation that were observed are most likely to have been related to inaccuracies in the physical

definition of certain floodplain features or their measurement, rather than any problem with the model itself.

Under Phase II of the SWSMP. the models were transferred from System11 to Mikel1. Mikell comprises the
same basic hydrodynamic model as System11, but includes better user interface and data management facilities.
In the South East Region, the SWMC has carried out full verification of the model on transfer to the Mikel 1

system.
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Figure VI 3.1
South East Region NAM Model Sub Catchments
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Figure VI 3.2
SERM - Syst_em 11 Model Network
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Under the Mikell svstem, further refinement of calibration and vernification was carried out using data for the
1988/89 hydrometric year. [t was found that verification of the NAM model for 1988/89 was not as good in
certain parts of the region as had been achieved previously. Part of the reason for this is likely to be that during
1988, main river flood inundation would have contributed to groundwater recharge, and the feedback loop from
flood inundation to recharge is not incorporated in the model. The SWMC have investigated the possible
reasons for poorer verification, and as with all such models, it is under continual improvement. For the
regional level planning studies, the poorer verification of the NAM model in 1988 was not considered to be of

any particular significance. The hydrodynamic model response was still very good.

Models were transferred from the DOS operating system to a UNIX environment in 1992. This removes the
memory limitations on the size of model that can be run, and permits the SERM to be run as a single model,
rather than in two parts as was required at the time of the regional study. This facility has been utilised in

subsequent feasibility level studies.

The division of the models was not a problem in application to the years so far modelled by the SWMC, as
water level observations were available on the boundary between the northern and southern sub-models. [t was,
however, a limitation to the application of the models in years for which such data is not available. Discussion

on the approach which has been adopted for the present study is given in section VI.3.7.

For the South East Regional Study, all modelling work was carried out in the offices of the SWMC, in co-
operation with the SWMC team responsible for the region. This was an arrangement which worked extremely
well. Models were verified when transferred to the project computer system in order to ensure that the base
models were reproducing the results produced by the SWMC, but in all other respects, the models have been
accepted as proven and well calibrated planning tools.

VI1.3.3 Model Outputs

The outputs from Mikel | are time series of water levels and discharges for each reach and node in the network.
These may viewed as hydrographs, or printed as water surface profiles, These outputs are useful in determining
in a qualitative manner the effectiveness of different flood mitigation options, but for full project evaluation,
further processing of the model outputs in relation to surrounding land levels has been required. Commonly,
hydrodynamic models are used in application to individual river systems, for which the desired output is a
design water surface profile. In the South East Region there is a complex interconnected channel network, and
for evaluation of the existing flood conditions, or improved post project conditions, an assessment of flood
depths and areas was required. The approach adopted has been to relate flood levels output from Mikell to
a simplified terrain model built up from elevation area characteristics on 1" grid squares. This has permitted
assessments to be made of the aerial distribution of flood depths.

A land level data base was prepared by the MPO, based on a 1 km grid. This data base was prepared for use
in broad level water resources planning, using lumped models. The approach adopted by the MPO in
preparation of the data was to overlay a | km grid on 4" to | mile map sheets, and to note the level of the
closest spot height to the grid intersection. The technique was thus an objective sampling approach, quite
appropriate for planning and modelling studies covering the entire country. It's creation was in fact a significant
achievement at the time. For regional planning and sub-regional planning, it was considered that the MPO land
level data base may be too coarse, missing out on important micro-relief which is represented on existing

mapping at a scale of 4" to | mile.
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Figure VI1.3.3
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Figure VI.3.4
Regional Planning Context Map
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Figure VI.3.5

Elevation - Area Characteristics, Dakatia Planning Unit
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Each 4" to I mile map sheet covers an area of 5* longitude by 5" latitude, divided into 25 1" squares. In cach
1" map square there are on average 80 to 90 spot heights, thus giving an excellent indication of micro-relief.
or at least the micro-relief at the time of survey. As far as has been possible, and given the time constraints
on the regional study, this data was utilised to permit elevation area characteristics to be prepared on a 1’ gnd
square basis. The extent of mapping for which this was achieved is presented in Figure VI.3.3. In areas where
it has not been possible, the MPO 1 km grid of land levels have been attributed to appropriate 1° map squares.
Much of the mapping for the study area is to Survey of Bangladesh datum. All levels have been converted to
PWD which is compatible with that used by the SWMC. It is generally considered that the accuracy of the 4"
to 1 mile mapping is accurate within each map sheet, but that small discrepancies may exist between sheets
prepared from different bench marks. There was of course no solution to this, and upgraded 1:16,000 scale

mapping for the region will not be available before 1994 or 1995,

Using the Mikell model network and floodplain allocation diagrams, 1° grid squares were attributed to each
model node, thereby permitting flood depth area characteristics to be evaluated from model results on a local
basis. Each model node was therefore considered to be representative of flood levels over a selected area. For
planning area analysis, aggregations of 1" squares lying within the planning unit were compiled, permitting the
Mikell output results to be aggregated into flood depth area characteristics by planning unit. [n this manner

the micro relief and detailed level of model output was retained in the approach to macro level planning.

The identified planning units are shown in Figure VI.3.4, With the exception of Gumti [ and Gumti II, for
which inadequate data were available from any source, the elevation area characteristics of each of the planning
units are presented in Appendix VII . A typical planning unit elevation area curve is presented in
Figure VI.3.5. Of particular note from each of the elevation area curves is that a very small change in water
level can result in a very significant change in the area of possible inundation. There are obvious implications
for model accuracy, and for the sensitivity and accuracy of the evaluations of model results. Errors in water
levels within normal modelling tolerances can make a substantial difference in the simulated area of flooding.
Also, relatively small changes in water level in unprotected areas, resulting from the construction of flood

mitigation measures, could have far reaching impacts at certain threshold levels..

V1.3.4 Approach to Model Application

The approach to handling model outputs and relating them to existing topography in a spatial manner as
discussed in section V1.3.3, is the first step towards evaluation of model results. It is essential. however, to
consider the impacts of floods of varying retumn periods, and for conditions in Bangladesh, the definition of
events at selected return periods is not straight forward. The seasonality of flooding is also of importance,
although for preliminary plan formulation on a regional basis, this could not be addressed to the degree that

might be expected of feasibility level studies.

Flooding in the project area is produced by a combination of boundary water level conditions in the Meghna
River, and local rainfall. Antecedent conditions of soil moisture and surface water storage in rivers, khals and
beels are important, and a flood event in Bangladesh, with the exception of local flash floods, must be
considered as the entire monsoon period, being dominated by the hydrographs of the major rivers.




The event vanables are major niver flow. local rainfall and flash floods from the Tripura Hills. The manner
in which these can combine to produce any particular return period of flooding at a particular location. 1s very
difficult to approach analvticallv on a regional scale. While a flash flood, or response to pre-monsoon rainfall,
may be considered as a discrete event in combination with some outfall water level, the seasonality of revional
flood response requires that the entire duration of the Padma flood between June and September be considered,
The definition of an event in the evaluation of existing regional tlooding conditions is in fact the seasonal main

river hydrograph and the associated seasonal rainfall pattern.

Considering a combined probability approach to evaluation of the interaction of major river floods and local or
regional rainfall is complax because of seasonality in both parameters. An approach would be to divide the
flood season into a series of discrete 10 or 15 day periods, and to evaluate rainfall and runoff probabilities in
each of these independently. In the pre-monsoon period, it is possible that in much of the area rainfall will be
the dominant influence on tlooding, while in the main monsoon period, main nvers will be dominant intluence
over much of the area. These dependencies have to be reflected in approach, and for each time slice throughout

the season the combined probability approach would require:

a) a normal probability distribution of main river or outfall water levels, and an annual maximum
series of rainfalls;

b) a normal probability distribution of local rainfalls, and an annual maximum series of main
river or outfall water levels;

c) modelled flood response under each of the above and combination of probability matrices.

The above would assume independence between major river flow and local rainfall, which in fact is not likely
to be the case, and would be further complicated by the requirement to account for antecedent storage conditions

throughout the system and their probability for each time slice.

A large number of computer runs would be required were the above approach followed (probably about 50 per
10 day period). and it may be found that there are few areas in which the interaction affects a significant area.
Considering a single river system with outfall water level control, water level frequencies in the lower reaches
would be domuinated by outfall level, while in the upper reaches fluvial influences would be dominant. Itis for
the interaction zone hetwe=n that combined probabilities are required. Prior to embarking on such analyses,
system sensitivity must be established.  Sensitivity analysis has been carried out and is discussed in
Section VI.3.5.

It is important to recognise the distinction between the requirements and approach to a regional evaluation and
those of an individual sub-area or particular project, such as a polder. The regional approach is intended to
address the regional problems and to provide the basis for more detailed subsequent analysis. Given the
analytical difficulties in trying to combine frequency distributions of seasonal variables, the ideal approach to
the evaluation of existing flood frequency and extent is to carry out a continuous simulation for the entire period
of available hydrometeorological record. The size of the study area, the nature of the computational
framework, and resource constraints, did require that the approach be modified, however. Pre-definition of
likely conditions causing flooding was required in order to achieve a manageable number of computer runs, and

a manageable volume of output data.
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System Sensitivity

VI.3.5.1 General

A number of sensitivity runs have been carried out in order to determine the relative importance of rainfall and
main river levels in producing floods in the southern part of the region. Extremes of rainfall and main river
level were combined to give an indication of the requirement for combined probability analysis or for long term

simulation runs in order to determine tlood level frequencies.

The model runs were carried out with main river boundary conditions for 1988 and 1986, and raintfall and
inflows for 1986 and 1987. In terms of main river levels, the highest annual maxima occurred in 1988, and
the lowest in 1986. In terms of regional rainfall, 1986 was very dry, and 1987 had the wettest mid monsoon

period in record, The combinations carried out were:

1. 1988 main river water |evels High
a) 1986 raintall and local runoft Low
b) 1987 raintall and local runott High
2. 1986 main river water levels Low
a) 1986 raintall and local runoff Low
b) 1987 rainfall and local runoft High

The runs carried out theretore reflect extreme conditions.

The results of the model sensitivity are presented in terms of maximum water surface profiles in Figures V1.3.6
to VL.3.8 for the Dakatia River, the Little Feni River, and Rahmatkali Khal. These are fairly representative

of the sub-regions of the project area.

VI.3.5.2 Dakatia River

It is clear that hetween chainages 40 and 100 on the Dakatia, the dominant influence on flooding is main river
levels (Figure VI.3.6). Local rainfall adds about 0.2m to flood levels at chainage 50, and for design purposes,
there would he little point in going to great lengths to try and refine water level estimates. The combination
of extreme rainfall and extreme water levels results in only a small overestimate in flood levels, and as can be

seen by comparison with the 1988 flood levels, this is unlikely to result in any over-design.

VI.3.5.3 Little Feni River

The Little Feni River is effectively unaffected by assumptions about main river boundary conditions, and local
rainfall dominates the flood response throughout most of the system (Figure VI.3.7). The operation of Kazirhat

regulator is dominant over the last 20 km, and obviously influences the flood response.

[t is of interest to note that throughout most of the system, the difference in peak water levels between the

raintall extremes is only of the order of 0.3m in the centre of the basin.
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Figure VI1.3.6
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Figure V|.3.7

System Sensitivity, Feni River
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VI1.3.5.4 Rahmatkali Khal

The Rahmatkali Khal and Begumganj depression areas show most sensitivity to the chosen combination of main
river boundaries and local rainfall (Figure VI.3.8). This is probably the result of the combined influences of
the Dakatia and the Little Feni river spillson the area. This said, however, the dominant influence is apparently

local rainfall, and the maximum intluence of Meghna levels is only 0.20m.

YL3.5.5 Planning Unit Analysis

The above discussion has heen based on water surface profiles. Project evaluation will, however, be at planning
unit level, and an assessment of the sensitivity of flood depth area relationships by planning unit was considered

to be appropriate.

In the Dhonagoda planning unit (Figure VI.3.9), the dominant intluence is Meghna water levels, but rainfall

is also important. A relatively small change in water level can result in a significant change in flooded area.

In the Dakatia planning unit (Figure V1.3.10), the influence of main river levels on tlooding is less pronounced,
and rainfall is apparently more dominant. Main river levels are thus apparently still important, but less so than
rainfall.  The shape of the flood depth area curves is again important, and small changes in flood depth occur

over a very large area.

In the Noakhali-North planning unit (Figure VI.3.11), it is clear that rainfall is the dominant influence, and that
the main river levels have much less of an influence than in the Dakatia area. The influence of the Meghna

is, however, still apparent.

[n the Little Feni planning unit (Figure VI.3.12), the Meghna has no influence on flood levels at all, and the

predominant influence is apparently rainfall alone.

VI1.3.6 Selection of Representative Events

From the preceding discussion, it is clear that there are significant differences in the root causes of flooding in
different parts of the region. This was alluded to Chapter VI.2. A simple criteria for selection of critical years
for analysis hased on main river levels alone would not therefore be appropriate. The most appropriate

approach would, in fact, be long term simulation.

Within the time frame of the regional plan, full simulation using all years of hydrological record was not
possible, and the selection of particular years of record for analysis was the preferred approach, albeit that these
may produce different return periods of flooding in different parts of the region. Accepting that for regional
planning, and for the assessment of the present flooding problem, the main focus would (at least imitially) be
on the depth and duration of main monsoon flooding, identification of appropriate events was based on an
appraisal of annual maximum peak river levels, and annual and seasonal rainfall. Table VI.3.1 summarises
years of record approximating closest (by rank) to specified retum periods for rainfalls and water levels at

Chandpur and at Satnal.

BOANX-VI-3 VI ; 3‘7
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Figure IV.3.8

System Sensitivity, Rahmatkhali Khal
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Figure VI.3.9
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System Sensitivity, Dhonagoda Planning Unit
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Figure VI.3.10

System Sensitivity, Dakatia Planning Unit
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Figure VI1.3.11
System Sensitivity, Noakhali-North Planning Unit
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Figure IV.3.12

System Sensitivity, Little Feni Planning Unit
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TABLE VI.3.1

Years of Record Approximating to Specified Return Periods

Return Rainfall Water Level
Period Mid Monsoon  Annual Chandpur Satnal
50 1987 1974 1974 1988
20 1974 1983 1971 (1988) 1974
: 10 1969 (1983) 1987 1988 1971 (1984)
5 1976 (1983) 1988 1970 (1984) 1987
2 1982 (1988) 1986 1987 1977 (1983)

The years indicated in brackets above are alternative years which are sufficiently close to the ranked year to
justify use of that year. It is apparent that a significant amount of overlap exists, in the top five ranked events,

and that a suitable selection for analysis would be:

1974
1983
1984
1986
1987
1988

It is significant to note the number of events in the last ten years. The above six events include three of the

worst on record, and should form a suitable basis for analysis and evaluation of flood phases.

Y137 Adoption of Boundary Conditions

The boundaries for the SERM have been indicated in Figure VI.3.2. While some of these do relate to sites at
which long term observations of water level or discharge are available, there are a number of locations at which
special observation sites were established as part of the SWSMP. For these sites, data are only available from
mid 1986.

As has been indicated in Chapter V1.2, it was the southern section of the model that was of most interest for
the regional plan. In the northern area. the Gumti I project had already been studied in some detail, and the

available water level data were adequate for preliminary planning in the rest of the unmodelled area.

In the southern model, most of the boundaries on the Meghna correspond with well established BWDB water
level stations. Boundaries for which data are not available prior to 1986 include those on the Daudkandi to
Comilla road; the cross boundary flows from the Sonaichari, Kakri and Pagli Rivers; the southern boundaries

in the area of the coastal polders, and the boundaries downstream of the Kazirhat and Rahmatkali regulators..

BAANX-VIE] VI.3-8
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Considering firstly the drainuge routes across the Daudkandi o Comilla road, these were found to be reasonahly
well correlated with water levels at Daudkandi in the monsoon season. and the following relationships were

denved:
Elliotgan) = -1.81109 + 1.30857 * Daudkandi (" = 0.84)
Gouripur = 0.39983 + 0.9159 * Elliotgan; (r = 0.92)
Haripur = 1.311832 + 0.76565 = Elliotgan| (r* = 0.91)

The relationship between Elliotgan) and Daudkandi is shown in Figure VI.3.13. It is apparent from

Figure VI.3.13, that there is no justification for attempting anything other than linear regression at this stage.

The houndaries at the southern end of the model could not be related to any of the nearby long term water level
stations. Correlation coefficients for between the Sonaimuri and Sankerbangsi boundaries and Noakhali were

of the order of 0.4. The reasons for the southern houndaries being at apparent inland locations are:

= the lack of data on the drainage system

- the dynamic nature of the drainage system.

The SWMC has been investigating the possible extension of the model into the area. In evaluating model
results, it was noted that the flows emanating from or to the southern boundaries were in fact low. Sensitivity
trials were therefore carried out in which the southern boundaries were set to zero flow boundaries.
Figure VI.3.14 shows the influence of this assumption on flood depth distributions in the Noakhali North area

for 1987 conditions. The assumption has no significant impact on planning unit water levels.

The other important boundaries to be considered are those on the Little Feni River. The Sonaichari and Pagli
rivers do not have a large catchment arez in India. and interpretation of satellite imagery indicates Indian
catchment areas of 64 and 56 km® respectively. Flash floods in each of these rivers do cause localised
problems. However, for regional planning the influence of these outside of the Little Feni catchment is not
significant. Sensitivity trials were carried out using the inflows for 1986 and 1987 with 1986 base conditions.
The results are shown in the form of flood depth area curves for the Dakatia and Noakhali North planning units

in Figures VI.3.15 and VI.3.16. There is mnor influence in the Dakatia area, and almost none in the Noakhali

dared.

Neither Kazirhat or Rahmatkali regulators were included in the basic set up of the south-east regional model,
and the SWMC have run the model with internally defined boundary conditions. This is acceptable for
modelling present conditions at Rahmatkali Regulator, where reasonably long term records exist, but at Kazirhat
regulator on the Little Feni River, the only suitable long term station is Companiganj, which is downstream of
the regulator. The model has therefore heen extended to include an idealised operable regulator at Kazirhat.
The structure has been represented as a flapped culvert in the model, and an assessment made of the impact of
various operating efficiencies. Of particular relevance in project evaluation, however, is the influence that the

operation of Kazirhat regulator has on other parts of the region, and on Noakhali North in particular.
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Figure VI.3.13

Correlation Between Elliotganj and Daudkandi Water Levels
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Figure VI.3.14L

Sensitivity to Boundary Assumptions, Noakhali North
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Figure VI.3.15

Influence of Little Feni on Flooding, Dakatia Planning Unit
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4 Figure VI.3.16

Influence of Little Feni on Flooding, Noakhali North Planning Unit
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A series of sensinivity trials were therefore carried out using 1987 conditions. Figures VI.3.17 and VI.3.18
| indicate the effect of no regulator, and of a fully functional regulator on flood levels in the Noakhali North and
| Little Feni areas respectively. [t is apparent that the regulator has little or no effect on tlood levels in these
areas. For comparative purposes outside of the Little Feni planning unit, the regulator is therefore not

particularly important.

|

\

‘ At Rahmatkali revulator, downstream houndary conditions were generated by interpolating between water level
| records at Daulat Khan and Chandpur. Subsequently, following some general model runs carried out by the
SWMC, doubts were raised over about the accuracy of the datum of the gauge at Daulat Khan. Initially there
had been suggestions that the Daulat Khan records were 0.70 m too low. The outcome of various investigations
' by the SWMC, BWDB and by the SERS has been that errors in gauge datum at Daulat Khan are unlikely to
exceed 200 mm. and most likely to be in the range of 120 - 200 mm. A more detailed treatment of the

definition of boundary conditions for Rahmatkali is given in the Noakhali Project Feasibility Report (Ret. 10).
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Figure VI1.3.17
Influence of Kazirhat Regulator, Noakhali Norith
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Figure VI1.3.18

Influence of Kazirhat Regulator, Little Feni
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CHAPTER VL4

MODELLING RESULTS

V1.4.1 General

For regional plan formulation, the SERM has been used to evaluate the effectiveness of various flood mitigation
options. The objective has been to evaluate the technical effectiveness of the options, and to provide a basis
on which the relative benefits of the options could be assessed. A number of potential flood mitigation options
have been identified, and the objective of the modelling has been to evaluate flood depth area characteristics
within the identified planning units for pre- and post-project situations. From this, economic benefits could be
denved.

With regard to agricultural production, the benefits of flood mitigation derive through land enhancement benefits
(i.e. bringing more land into production) and through damage avoidance. Land enhancement benefits may be
assessed through determining pre- and post-project flood depth duration frequency characteristics, or flood
phases. The determination of damage avoidance is, however, much more difficult, and generally requires that

tflood damage frequency curves be prepared.

A deterministic approach to damage avoidance evaluation would require a seasonal crop production model linked
to the outputs of the hydrodynamic model, and would be difficult without running through a full historical
simulation, as the timing of the flood relative to the stage of crop growth is of critical importance. The
formulation of the damage functions would not be particularly difficult, but cropping patterns and cropped areas
would have to be modelled and related to the hydrodynamic model outputs. A full deterministic approach to
the evaluation of crop damages is therefore a complex process, and one which cannot be fully justified at the
regional plan stage. The preliminary approach must be to determine historical flood damages associated with
floods of known return periods, and then to determine whether the more exacting effort of a fully deterministic
approach can be justified. The approach to flood damage assessment adopted for regional plan formulation was
to try and attach return periods to years in which damage has been recorded. A more exacting approach was

defined and incorporated in subsequent feasibility studies.

The identified flood mitigation options, their preliminary screening and evaluation are discussed in the following

sections.

Vi4.2 Project Identification

Project identification and a description of the engineering components is given in Chapter 5 of Part 2 of the
Main Report. Ouly a brief description is given here, focusing on those aspects which relate to the manner in

which the options are represented in the hydrodynamic model.

In the representation of all projects, completion of Gumti Phase [ is assumed, and has been represented in the
northern model. This influences cross drainage through the Daudkandi to Comilla road. For base case
conditions, the culverts on Gouripur Khal and Elliot Khal remain open, but the culvert for Curzon Khal is
closed. For the southern model, appropriate boundary conditions have been set up to reflect these conditions.

BAANX-VI-4 VI.4" 1
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The options and tr=ir particular features are discussed below:

Option 3

Option 4

Option 34

Option 34a

Option 5

Option 34a5

Option 6

Option 346

Option 7

Option 7a

Option 8

-BAANX-VI-4

Comprises closure of all drainage routes on the Daudkandi to Comilla road, and 1s thus
r=latively cheap to implement, although there would be negative impacts to the north of the

road, and possibly on drainage from the Gumti | area.

Construction of an embankment from Daudkandi to the Meghna-Dhonagoda project area.
This excludes flows from the Meghna into the Dhonagoda River and thus from the Dhonagoda
pianning unit. A small regulator and a ship lock would be included in the embankment at the
upstream end of the Dhonagoda river in order to permit navigation through what is a preferred
w2t season route to the main river, to continue. The morphological impacts of closure would

r=quire further consideration should the option prove effective, as would impacts on fisheries.
A combination of options 3 and 4.

Extension of Option 34 to include a regulator on the outfall of the Dhonagoda River at Matlah
Eazar, where back flow from the Meghna into the Dhonagoda planning unit is also possible.
Also included would be the closure of the upstream end of the Jumjumia River, and provision
of an embankment from there to the Chandpur to Comilla road, thus excluding the ingress of
floodplain flow from the Meghna.

Closure of the Jumjumia River with construction of an embankment from there to the
Chandpur to Comilla road, and provision of a regulator on the Dakatia River, tying into the
Chandpur embankment. Back flow from the Meghna to both the Dhonagoda and Dakatia

planning units would thus be prevented.

Combination of options 34a and 5, effectively isolating the entire area between Chandpur and

th: Gumti from the Meghna.

Provision of flapped culverts on the Chandpur to Comilla road to exclude potential back flow

from the Dakatia and Meghna into the Dhonagoda planning unit.
The combination of options 34 and 6.

Improvement of the Rahmatkali and WAPDA Khals to improve drainage in the Noakhali-
North planning unit and Begumganj depression.

Combination of option 7 with an improved Rahmatkali Regulator.

Construction of a new drainage line south from near Sonapur to outfall close to Polder 59/2.

V1.4-2




VI1.4.3 Preliminary Project Screening

A preliminary screening of options has been carried out on the 1988 and 1985 floods, using the Dhonagoda,

Dakatia and Noakhali-North planning units,

Figures VI.4.1(i) and V1.4.1(i1) show the impacts of options 3 to 6 on 10 day flood level distributions in the
Dhonagoda area for the 1988 flood. It is apparent that option A34a provides the best improvement in terms
of flood mitigation. A regulator on the Dakatia river apparently provides no benefit in terms of flood

mitigation. Similarly flapped culverts on the Chandpur to Comuilla road provide no benefit.

Figures VI1.4.2(i) and VI.4.2(ii) show the impacts of options 3 to 6 on 10 day flood level distributions in the
Dhonagoda area for the 1985 flood, which was below average. The results confirm that option A34a is likely
to provide the best improvements, and that neither culverts on the Chandpur to Comilla road or a regulator on

the Dakatia river provide any benefits.

The Meghna is tidal at Chandpur, and generally the model runs have been carried out with average daily water
levels. Further model runs were therefore carried out with tidal boundary conditions at Chandpur in order to
assess whether regulator operation to exclude tidal back flow but permit drainage on a falling tide would achieve
better results than being indicated with the mean daily boundary condition. The results are presented in Figures
VI1.4.3 and V1.4.4. It is apparent that there 1s indeed no flood mitigation benefit from a regulator on the Dakatia
river. While the Meghna is the dominant influence in controlling water levels in the Dakatia River, the
simulation results demonstrate that local runoff is such, that even with exclusion of high Meghna levels, the tidal
range during the peak monsoon season is not adequate to permit drainage of local runoff, and this builds up at
the same rate as the outfall level control. This point is perhaps most clearly demonstrated by the water surface

profiles shown in Figure VI1.4.5.

Options 3 to 6 have almost no impact on conditions to the south of the Dakatia River. Figures VI.4.6(i) and
V1.4.6(ii) show tlood depth area characteristics for the Dakatia planning unit under 1988 conditions. There will
be minor secondary benefits in the Dakatia area, but the flood phase classification may be too coarse to reflect

this.

Options 7 and 7a, are those most likely to benefit the area to the south of the Dakatia River. Preliminary
evaluation of these options for 1985 are indicated in Figure VI.4.7. Option 7 does result in significant
improvements to drainage in the Noakhali region, and also has secondary benefits in the Dakatia planning unit,

as indicated in Figure VI.4.8.

Option 8 also results in improvements to drainage in both the Noakhali North and Dakatia planning Units,

although these are not as significant as for option 7a, as indicated in Figures VI.4.7 and VI1.4.8.
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Figure VI1.4.1(i)

Project Screening, Dhonagoda Planning Unit, 1988 Flood
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Figure VI1.4.1(ii)

Project Screening, Dhonagoda Planning Unit, 1985 Flood
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Figure V1.4.2(i)

Project Screening, Dhonagoda Planning Unit, 1985 Flood
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Figure V1.4 .2(ii)

Project Screening, Dhonagoda Planning Unit, 1988 Flood
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' Figure VI.4.3
Flood Depth Distribution, Dhonagoda Planning Unit, 1988 Flood
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Figure V1.4.4

Flood Depth Distribution, Dakatia Planning Unit, 1988 Flood
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Figure VI1.4.5

Water Surface Profiles in Dakatia River, Option 34a5
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Figure V1.4 .6(i)

Project Sreening, Dakatia Planning Unit, 1988 Flood
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Figure V1.4 .6(ii)

Project Screening, Dakatia Planning Unit, 1988 Flood
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Figure VI1.4.7

Project Screening, Noakhali North Planning Unit, 1985 Flood
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Figure V1.4.8

/Project Screening, Dakatia Planning Unit, 1985 Flood
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VI.4.4 Project Evaluation

The evaluation of flood mitigation options in Bangladesh has for some time been based on classifications of

flood depth on a thana or planning unit basis. Flood phases are categorised as follows:

FO - flood depths of < 0.3 m

Fl = flood depths of 0.3 - 0.9 m

F2 - flood depths of 0.9 - 1.8 m

F3 - flood depths of > 1.8 m for less than nine months
F4 - flood depths of > 1.8 m for more than nine months

The classification system has been extremely useful in broad level planning, and has served its purpose well.
Crop statistics and cropping distributions have been related to flood phases, and they have become an important
planning parameter. The introduction of hydrodynamic modelling techniques does, however, now offer a higher
level of analysis and evaluation to planners, and reconsideration of how the flood phase classification is used
may be appropriate. The results presented below indicate that it is important to adopt a more physically based

process oriented approach to the consideration of flood inundation characteristics and flood impacts.

It is understood that flood phases defined by the Soils Research and Development Institute (SRDI), have been
based on flood level inundation maps prepared from observed groundwater levels. Effectively the procedure
was to assume that peak groundwater levels coincided with general flood levels. By a process of contouring
and superposition on topographic maps, flood depth classifications could be derived. The availability of
computational hydraulic models, and the computerised land level data base prepared under the present project,
permits a more objective approach to determination of flood phases, and permits them to be related to duration
and frequency of flooding. A much more extensive physically based data base is now available and must be

incorporated in the planning process.

A drawback of the present classification, for other than broad level planning, is that it relates to neither the
duration of flooding nor the frequency with which the inundation occurs. [t was thought originally that the
classification in its broadest sense ought to apply to average year conditions. Crop statistics have, however.
been related to flood phases, and although many farmers plant at the margins, it is not thought generally likely
that many would risk crop losses at frequencies of less than once in five years. It was therefore considered
appropriate for the present investigations to relate flood phases to the inundation experienced with a return
period of about five years. This has been justified to some extent through comparison of notional flood phases
determined from the model for the present base case conditions, with the flood phase classifications. There is,

4 however, poorer correlation than would have been expected.

The selection of representative years for modelling purposes has been discussed in Chapter VI.3. For each of
these years, flood depth duration area characteristics have been computed using Mikel 1 and the land level data
base through a series of post processing programs. A typical processed model output is shown in Table VI.4.1.
Notional flood phases have been computed in order to indicate the sensitivity of the classification to the year
on which it is based, and to the duration for which certain water levels are exceeded. On the basis of the
approach adopted by the SRDI, and from consideration of the full model outputs in the form of Table V1.4.1,
a 10 day duration was considered most appropriate for classification of the flood phases. The classifications
are summarised in Figures V1.4.9 to VI.4.14, and in Table V1.4.2. These are for the planning units in which
there is both hydrodynamic model and land level data.
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Base Run, 1983 Conditions
DAKATIA Planning Unit

Flood Depth/Area Characteristics

Flood Depth 2 Day
(m)
0.0 374.9
0.2 356.1
0.4 339.5
0.6 316.6
0.8 283.6
1.0 227.1
1.2 153.8
1.4 83.4
1.6 27.4
1.8 6.9
2.0 3.5
2.2 3.0
2.4 2.8
2.6 2.6
2.8 23
3:0 2.2
3.2 1.9
3.4 1.2
3.6 U
3.8 1.0

Flood Phase Distributions (%)
Mapped Area = 594.2 km2

Flooded Phase 2 Day
FO 41.5

Fl 15.6

F2 41.8

F3 & F4 1.2

T BAANX-VI4

TABLE VI1.4.1

Post Processed Model Output Format

5 Day

370.9
351.5
334.3
306.9
272.0
211.7
133.1
68.8
17.6
5.1
i3
2.9
2.7
2.6
2.3

1.7
1.2

1.2
1.0

5 Day

42.3
17.0
39.8

0.9

Area Flooded (km?)

10 Day

366.8
345.6
325.7
295.6
257.3
196.3
112.4
53.1
11.7
4.2
32
2.8
2.7
2.5
2.3
2.1
17
1:2
1.1

0.9

10 Day

43.5
18.3
37.5

0.7

20 Day

357:7
335.0
310.6
279.2
231.2
160.4
84.9
26.1
6.0
3.4
3.0
2.8
2.7
2.4
22
2.0
1.4
1.2
1.1
0.9

20 Day

45.7
214
324

0.6

V1.4-5

40 Day

40 Day

46.7
22.8
30.0

0.5

60 Day

349.6
327.0
298.1
265.1
210.5
130.3
68.5
16.3
5.0
3.2
2.9
2.7
2.6
2.3
2.1
1.9
1.2
1.2
1.0
0.8

60 Day

47.4
23.9
28.1

0.5

90 Day

310.8
277.8
230.8
147.9
77.8
25.8
6.1
305
3.1
2.8
2.6
2.4
2:2
2.0
1.5

1.2
1.1
0.9
0.6

0.2

90 Day

57.2
34.1
8.2
0.5
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Figure VI.4.9

Flood Phase Distributions, Dhonagoda Planning Unit
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Flood Phase Distributions, Sonaichari Planning Unit
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Figure VI.4.11
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Figure VI.4.13

Flood Phase Distributions, Little Feni Planning Unit
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TABLE VI1.4.2
Modelled Flood Phases as Percentage of Mapped Area

Dbonagoda Planning Unit

Flood Phase 1974 1983 1984 1985 1986 1987 1988 Reported

FO 23.8 263 352 413 45 32.6  29.5 3

Fl 13.7 13.5 129 29.5 32.7 8.1 8.1 23
F2 26 42.1 43 26 20.6 384 21.5 e
F3 & 4 36.6 8.1 8.8 3.2 1.7 209  40.9 30

Sonaichari Planning Unit

Flood Phase 1974 1983 1984 1985 1986 1987 1988 Reported

FO 24.5 35.7 37.6 49.5 80.5 39.1 34 0
Fl 33.2 438 44 39.4 16.9 43.7 424 55
F2 40.2 19.5 175 10.3 2.2 163 225 45
F3 & 4 21 1 0.9 0.8 0.4 0.9 1 0

Noakhali North Planning Unit

Flood Phase 1974 1983 1984 1985 1986 1987 1988 Reported

FO 21,1 35:1 29.2 31.7 49.8 239 302 5
. Pl 15.2 29.6 25.6 32.1 40.7 262 30 36

F2 55 34.1 43 35.2, 9.2 47.8 39 58

F3& 4 8.7 1.2 2.2 1 0.3 2.2 0.7 1

South Sudharam Planning Unit

Flood Phase 1974 1983 1984 1985 1986 1987 1988 Reported

FO 90.1 93.4 91.3 93.9 979 93 97.1 0
Fl 7.1 4.8 6.7 4.3 0.4 5 1.2 93
| F2 1.1 0.1 0.3 0.1 0 0.3 0.1 7
! F3 & 4 1.7 | I 17 1.7 57 1.7 Lo 0

‘ Little Feni Planning Unit

' Flood Phase 1974 1983 1984 1985 1986 1987 1988  Reported

| FO 68.4 88 77.7 839 884 794 823 10

! Fl1 18.9 9.4 15 1.3, “1.8 14 11.6 68
F2 10.3 2 6 4 3.1 5.4 Sl 22
F3&4 2.4 0.7 1.3 0.8 0.8 1.2 0.9 0

Dakatia Planning Unit

Flood Phase 1974 1983 1084 1985 1986 1987 1988  Reported

FO 22.1 43,5 30.5 34.2 46.4 31.7 32.1 6

Fl 12.2 18.3 19 249 39 17.5 18.7 24

F2 47 37.5 49.9 403 14 47.8 47.7 61

F3&4 18.7 0.7 1.4 0.7 0.5 2.9 1.5 9
t- BAANX-VI-4 VL4-6
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Compzrison of the computed and published flood phase distnibutions shows varniations particularly between FO
and FI land. 1tis clear from the land level elevation area charactenistics presented in Appendix VI, however,
that small chanyes in water level can result in considerable changes in the extent of flooding. The sensitivity
to inaccuracies in either flood or land levels is therefore high. Generally the published flood phase information
indicates deeper levels of flooding than do the hydrodynamic model results. It is likely that groundwater
ohservation well data used by the Soil Survey Data Processing System (SODAPS), relates to wells on higher
non-flooded land, under which a groundwater mound would be expected to form even during the peak flood

season. An over estimation of flood depths could therefore be anticipated.

For project evaluation purposes, the adopted approach has been to evaluate flood phase distributions in each
planning unit for pre- and post-project situations. The approach is comparative, based on model simulation
results. and modelled flood phase distnbutions. The requirement has been therefore, to select an appropriate
vear of record for each planning unit on which the comparisons can be made, this approximating most closely
to a five year peak flood condition. On the basis of Table VI.3.1, and the system sensitivity analysis discussed
in section V1.3.4, the most appropriate representative years of data on which to evaluate land enhancement

benefits are:

Dhonagoda 1984
Sonaichari 1984
Noakhali North 1983
South Sudharam 1983
Little Feni 1988 (1983 was close)
Dakatia 1984

These have been determined simply by interpolating between ranks.

The above years of data have been used in the appraisal of pre- and post-project flood phase distributions, and
hence land enhancement benefits. For each planning unit, a complete set of outputs in the form presented in
Table V1.4.1 has been prepared for each of the identified flood mitigation options. A sample of the summary

form in which these are utilised in the planning process is indicated in Table VI.4.3.

V1.4.5 Agricultural Flood Damages

An objective appraisal of agricultural flood damages requires that flood depths and durations be related to the
stage of growth of the crop. Standard vield loss estimates are given in Table VI1.4.4, although these do need

to be expanded to relate to flood duration.

Because of the critical nature of the stage of crop growth to flood damage, the evaluation of damage frequency
on the basis of specific years of data may not be quite as appropriate as for land enhancement benefits. The
requirements for the evaluation are however fairly simple, being a cropping calendar and the distribution of the
crop between various land categories. Time series water level results from Mikel1 would be used with the land
level data base and the cropping calendar to estimate yield losses. A thorough analysis would, however, require
a long term simulation. This level of analysis is appropriate at full feasibility level, but for regional planning,
a simphfied approach based on recorded flood losses has been adopted.

BAANN-VIL v1.4.?
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TABLE 4.3

Typical Summary Results for Project Evaluation

Dakatia Planning Unit, 1984 Conditions
Flood Phase Distributions (%)

Option 5
Flood Phase 2 Day 5 Day 10 Day 20 Day 40 Day 60 Day 90 Day
FO 28.9 29.9 30.8 32.2 34.4 34.6 38.9
Fl 18.5 19.0 19.7 20.7 21.7 22.7 30.5
F2 50.6 49.5 48.3 46.1 43.1 41.9 30.0
Fi& 4 2.0 1.6 1.2 1.0 0.8 0.8 0.6
Option 34a5
Flood Phase 2 Day 5 Day 10 Day 20 Day 40 Day 60 Day 90 Day
FO 28.5 29.3 30.3 31.4 33.3 33.5 38.2
Fl 17.7 18.4 18.7 19.6 20.7 21.3 29.3
E2 50.7 49.9 49.4 47.5 44.9 44.2 _31.;
F3 & F4 3.0 2.5 1.6 1.4 1.1 1.0 0.6
Option 7TA
Flood Phase 2 Day 5 Day 10 Day 20 Day 40 Day 60 Day 90 Day
FO 3l1.4 31.8 33.4 35.2 37.6 38.1 43.5
Fl 23.4 25.0 25.7 26.4 27.6 29.8 36.6
F2 44.1 423 40.1 37.7 34.2 31.4 19.3
F3 & F4 1.0 0.9 0.8 0.7 0.6 0.6 0.5
Option 8
Flood Phase 2 Day 5 Day 10 Day 20 Day 40 Day 60 Day 90 Day
FO 30.7 31.6 32.6 34.2 36.6 36.9 42.7
Fl 23.6 24.7 25.4 26.6 28.9 29.3 38.9
E2 44.6 42.7 41.0 38.5 33.8 33.2 17.8
F3 & F4 1.2 1.0 0.9 0.9 0.7 0.7 0.6
RS VI1.4-8
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TABLE V1.4.4

Probable Crop Damage at Critical Flood Depths

Land Crop Growth Critical Flood Depth (m) Vulnerable Period for
Crop Type | Stage Flood Damage
0% 50% 80 %
HYV Boro F3 Tending to 0.6 0.8 1.0 1st May to 30th June
Maturity
HYV Boro F2 Tending to 0.6 0.8 1.0 | 15th May to 30th June
Maturity
Local Boro F4 Tending to 0.8 1.0 1.3 | 15th Aprl to 15th May
Maturity
B. Aus F2 Tending to 0.8 1.3 1.5 1st June to 31st July
Maturity
B.Aman F3 Vegetative - - 1.5 1st July to 15th Aug
T.Aman Fl Seeding - - 0.3 | IstJulyto 30th Aug
(HYV) Establishment
T.Aman Fl Tillering - - 0.45 | Ist Aug to 30th Sep.
(HYV)
T.Aman Fl Seedling - - 0.45 | 1st Aug to 15th Sep.
(Local) Establishment
T.Aman Fl Tillering - - 0.6 1st Aug to 30th Sep.
(Local)

Estimates of crop flood damage are available from the Bangladesh Bureau of Statistics over the period 1983 to
1988. On the basis of the model runs for the years 1974, 1983, 1984, 1986, 1987 and 1988, which may be
considered to be the 6 highest ranked events in the past 20 years, return periods can simply be attached to the
damages by considering the rank of the events from the F3 and F4 flood phase classification in the summary
model outputs. Table V1.4.5 summarises the results of the analysis, from which retum periods can be attached
to the BBS damage figures, and average damages computed.

e V1.4-9




TABLE 4.5

Estimated Flood Return Periods

Dhonagoda Planning Unit

Rank Year F3 & F4 (%) Return Period
1 1988 40.9 8.3
2 1974 36.6 5.9
| 3 1987 20.9 1.9
B 1984 8.8 1.1
5 1983 8.1 1.1
6 1985 3.2 1.0
7 1986 1.7 1.0

Sonaichari Planning Unit

Rank Y ear F3 & F4 (%) Retumn Period
[ l 1974 M| 18.5
2 1983 1.0 1.5
3 1988 1.0 1.5
4 1984 0.9 1.3
5 1987 0.9 1.3
6 1985 0.8 1.2
7 1986 0.4 1.0

Noakhali North Planning Unit

Rank Year F3 & F4 (%) Return Period

1 1974 8.7 21:8
2 1984 2.2 1.5
3 1987 2.2 15
4 1983 1.2 1.2
5 1985 1.0 1.2

i 6 1988 0.7 1.1

|

] 7 1986 0.3 1.1

|. I SEMAIR VY VI1.4-10
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TABLE 4.5 (Contd.)

South Sudharam Planning Unit

Rank Year F3 & F4 (%) Return Period
l 1974 1.7 1.0
2 1983 L7 1.0
3 1984 I:7 1.0
B 1985 1.7 1.0
5 1986 ) G 1.0
6 1987 157 1.0
7 1988 1.7 1.0
Little Feni Planning Unit
Rank Year F3 & F4 (%) Return Period
l 1974 2.4 18.9
2 1984 1.3 2.0
3 1987 152 1.7
4 1988 0.9 1.2
S 1986 0.8 1.1
6 1986 0.8 1.1
7 1983 0.7 1.1
Dakatia Planning Unit
Rank Year F3 & F4 (%) Return Period
1 1974 18.7 23.1
2 1984 2.9 1.4
3 1987 1.3
4 1988 1.4 1.2
5 1986 0.7 1.2
6 1986 0.7 1.2
7 1983 0.5 1.2
VI.4-11
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CHAPTER VI.2

SURFACE WATER RESOURCES

VI.5.1 Introduction

The seasonality in surface water resource availability in Bangladesh is extreme, and clearly demonstrated in
Table VI.5.1 which presents a summary of simulated mein monthly dry season flows for catchment areas in
the South East Region. The simulated flows are from the "Water Balance Model as used in the National Water
Plan Phase II (Ref. 11), and relate to the carchment areas celineated in Figures VIL5. 11 und VI.5.12 . Between
the months of October and March there 1s effectively no dz=pendable raintall (Chapter VI.1). Crop production

in this period is thus totally dependant upon residual soil moisture and irngation.

In considering the surface water resources avatlable to the South East Region. and planning their utilisation, the

followinyg distinctions must he made:

= the internal resourczs comprising locall” ven=rated nvers and khals, and the larger Titas,

Gumti and Muhuri avers which have sionificant catchment areas in India:

- the resources ot the Mevhna.

The indications of previous investigations (Rer. 11) have ceen that the internal surface water resources of the
region are effectively fuily utlised. and that any future -urface water irmgeation would be dependant upon
transfers from the Meghna, There is competition for Megana resources from potential projects in other parts
| of the country, and this, coupled with the potential impacts . 7 saline intrusion and morpholoygical change induced
by such development, requires careful consideration at th= national level. This is a function of the WRPO
which is the successor of the MPO. [Issues such as thrs hate been addressed in the National Water Plan Phase

[ and Phase II.

VI.5.2 Internal Resources

V1.5.2.1 General

The inter-linkages in the drainage system of the region have been outlined in Chapter V1.2, The system 1s
complex. and in terms of surface water resources development and evaluation, a holistic view is required.
Developments in one area are likely to impact on water users in another. Further complications relate to the
nature of the hydrological system. the extent of existing water use and irrigation, and the lack of long term
reliable streamflow records in the region. [t must be said. however. that even were such records available, the
dynamic nature of the river systems. and of changing trrigaton demands and practices. would have made their

analysis particularly ditficult.
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Evaluation of the internal surface water resources of the region has been based on the results of the water
balance madel. as recently updated by the MPO (Ref. 11). The water balance model was originally developed
in 1982 for water balance studies of the northern regions of the country, and extended to cover the southern
regions in 1985 under the MPO. In Phase II of the National Water Plan. the model was updated to include
hydrological data up to the 1988/89 water vear, and the calibration verified with more recent data which

included higher levels of water use.
VL.5.2.2 Analysis of Streamflow Records
At this regional planning level of study, only limited frequency analysis of dry season flows has besn carried

out. Some of the problems with streamflow records in the region have been discussed in Chapter VI.2. The

following stations have been considered:

158. 1 Shaistaganj;
114 Jibanpur;
110 Comilla;
212 Parshuram:
84,1 Kaliachan.

The objective of the analvais has been to establish data reliability and to provide an indication of the inter-annual
variations that can pccur. These stations measure cross boundary inflows w the
region from India and. with the exception of station |14, form a significant input to the water resources model

for the region.

Twenty five vears of data are available at stations 158.1, 114, 110, and 212, at which records commence in
1964/635, whilst only fifteen vears of data is available at station 84, 1, which commenced in 1974 (Table VI.2.1).

Data for 1971 is absent from the records at all stations.

Normal distributions were fitted to the mean of January to March flows and to mean March flows. for zach
station record. These are presented in Figures VI.5.1 to VLI.5.5, and Figures VI.5.6 to VL.5.10 respectively.

Statistical parameters derived from the analysis are presented in Tables VI.3.2 and VI1.5.3.

It can be seen from Figures VIL5.1 to V1.5.5 that the plotted data do in general follow normal distributions.
However, stations [58.1, 114, 110, and 212, have several extreme high mean tflows, caused primarily by high
flows recorded in March of 1969 and in 1989 in particular. These extreme values are particularly pronounced
when the mean March flows are considered in isolation as can be seen from Figures VI.5.6 to VI.5.10.
Table V1.5.3 indicates excessive skew at stations 158.1, 114, 110 and 212, which is also as a result of bias from

the two high mean March flows in 1969 and 1989,

[t may be concluded that the available data conform to a normal distribution and are sutficiently reliable for the
purposes of providing inputs to the water balance model under low flow conditions. However a more detailed
analysis of the minimum low-season flows would he required where stations are of particular relevance to
projects being studied at feasibility level. Note should be taken, for example of the recent trend of higher dry

season flows in the Gumti, which are unlikely to continue.
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Figure VI|.5.1

Station 158.1 - Shaistaganj
Frequency Distribution of Mean January to March Flows

Normal Distribution
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Figure VI1.5.2

Station 114 - Jibanpur
Frequency Distribution of Mean January to March Flows

Normal Distribution
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Figure VI.5.3

Station 110 - Comilla
Frequency Distribution of Mean January to March Flows

Normal Distribution

Reduced Variate
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Figure VI.5.4
Station 212 - Parshuram

Frequency Distribution of Mean January to March Flows

Normal Distribution
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Figure VI.5.5

Station 84.1 - Kaliachari
Frequency Distribution of Mean January to March Flows

Normal Distribution

Probability of Exceedence (%)
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Figure VI.5.6

Station 158.1 - Shaistaganj

Frequency Distribution of Mean March Flows
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q Figure VI.5.7

, Station 114 - J_Ibanpur
Frequency Distribution of Mean March Flows
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* Figure VI.5.8

Station 110 - Comilla
Frequency Distribution of Mean March Flows
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Figure VI.5.9

Station 212 - Parshuram
Frequency Distribution of Mean March Flows

Normal Distribution

Probability of Exceedence (%)
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Figure VI1.5.10

Station 84.1 - Kaliachari
Frequency Distribution of Mean March Flows
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TABLE VI.5.2

Statistical Parameters of Mean January to March Flows

Stanon
158.1 1id 110 212 84.1
Parameter
Mean (m'/s) 10.5 16.9 19.9 4.3 8.3
Standard (m/s) 2.9 8.2 8.5 1.5 1.9
Deviation
Coefficient of Variance 3.57 2.06 2.34 2.9 1.28
Coetficient of Skewness 1.44 0.31 0.35 .23 -0.67
r
! TABLE VI.5.3
|
Statistical Parameters of Mean March Flows
) Staton
* 158.1 114 110 212 S4.1
;j' Parameter
Mean (m'/s) g e 16.2 18.9 4.86 7.4
Standard (m’/s) 6.3 1.3 11.1 3.1 3.7
Deviation
| Coetficient of Variance 1.78 .43 Lot 1.57 201
Coetticient of Skewness 13.41 16.88 19.86 6.07 4.8

VI1.5.2.3 The Water Balance Model

The water balance model comprises two principal components:

- a catchment model;

- a river systems or network model.

The model has been established tor the north-east, north-west, south-east and south-west regions of the country.
Of relevance to the South East Regional Study, are the north-east and south-east models. The catchment
delineations for these are shown in Figures VLS. 11 and VL.5.12 respectively, and the network links between

them in Figures VI.5.13 and VL.5.14.
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Figure VI.56.11
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X Figure VI.5.12

Modelled Catchment Areas (Southeast Region)
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Figure V1.5,13 ~ A

Network Diagram for the North/East
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Figure VI.5.14

Network Diagram for the South/East

HOS
LES1 'HOUYW 01 LYOd3Y IVIINHO3L OdW . 3DHMOS

jUsWYaIDD [DUIBIXT ’ L _
{uswyaioy pejjepo i @

aNi1931




The model operates on a monthly hasts and has been discussed in some detw] in a number of previous reports
(Ref. 3). The catchment model has a well tounded deterministic base, and encompasses the <ntire water cycle.
The basic drving parameters of the model are historical rainfail, potential evapotranspiration. and cross
boundary tlows into the regional models trom India. With these, the impacts of various combinations of water
sed.

use and cropping on water resource availahility can be a

Fur the purposes of the present study, the MPO model results utilising 1989 water use and cropping data have

been considered to he representative of present resource availability.

YL5.2.4 Water Balance Model Results

All of the water balunce model results from the South East model are of relevance to the present study, and
trom the North East model the results for catchments 69, 70, 71, 72, and 73 are of relevancz, although 69, 70

and 71 are classified as external catchments (Figures VL5.11 and V1.5.12),

Mean monthly catchment outtlows for the months of November to April are summarised in Table VI.5.1. The
catchment cuttlows egualled or exeesded 11 80 per cent of vears are summarised in Table V.34, The existence
of negative tlows indicates that either o flow reversal is required from the Meghna to meet irngation demands,
or that demunds 2xcezd estimated resource avatlubility. ]t should be noted that although the model does tlae
nevative flows, and outputs them, the network model will not pass a negative tlow to a downstream catchment.

and deficits cannot theretore be translated downstream through the svstem.

[n catchment 3. it is expected that most of the existing deficits are satistied by back flow in the Dukatia from
the Meghna. [t 1s clear, however. that even in average conditions. there is effectively no surplus surtace water
resource 1n the ~outh-east region, and that any future irngation development based on surfacs water resources

will require water transfers from the Mechna.

[t should be noted in the results for catcnment 135, the Muhur catchment. that the model does not include
Muhurt reservoir. and in this respect. Tables VI.5.1 and VI.5.4 are somewhat misleading. Muhurn reservorr

15 discussed in more detail in section V1.5, 4.

The results of the model are dependant to a large degree on the accuracy with which cropping and water use
statistics are detined. The MPO put considerable etfort into ensuring consistency, and model outputs have been
prepared m a manner which helps to identity anomalies. Samples of a network balance output from the model

are shown in Tables V1.3.7 and VI.5.8 and discussed in Section V1.5.4.3 (¢)

V153 Major River Sources

The river svstem comprising the Jamuna, Ganges, and Meghna, provide an average annual fresh water outtlow
to the Bay ot Bengul of approximately 800000 Mm®. Any analysis of the availability of water in the Meghna
to meet potential requirements in the south-east region would be beyond the scope of the present study.
Potential avatlability and constraints have. however heen defined by the MPO under the NWP Phase [I study
(Ref. 11).
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[n general, the potential avadability from major rivers is constrained to a greater or lesser degree by salinity
levels, which increase dunng January through to March as fresh water inflows reduce. Salinity levels to the
south of the Ganges and west of the Lower Meghna have worsened, whilst salinity leveis in the Lower Meghna
venerally remain low due 1o :ts high intlows, even during March. [t was found by the MPO (Ref. 11) that the
R0 per cent reliable flow in the Lower Meghna during March. over and above that required to maintain salinity
within desired limits, is aprroximately 3500 m'/s. Future anticipated development diversions in the Lower

Meghna will reduce this figure to 1500 m’/s.

VI.5.4 The Water Resources of Muhuri Irrigation Project

VI.z4.1 Introduction

The Muhun [rrigation Project (MIP) is strictly speaking not within the study area of the South East Region
Water Resources Development Programme. [t lies just outside its south-eastern boundary. However, the Terms
of Reference require the Consultants to “make an operarional study of the reservoir for the existing cropping
patrern and the post-project “ccommended cropping patiern to detenmine the augmentarion requivements of :the
reservair_for the oricmal command area ot 20 (XK ha, the additional area that could he taken up above the
praject boundaries and for = oshing requirementys ro keep the outfall canal free of sile o facilirate operarion of
the revudaror caces ar the on o of the monsoon”. This need for augmentation 1s based upon the assertion that
rrigarion withdravwals by cnarians above the Mulwri Irrigarion Projecr boundaries and the dry season
discharge requirements for jiashing of tidal silts led 1o inadequare water in tiie reservoir during FebruarviMarci

ro command the irrigable arca of 20 000 ha'.

These topies are addressed carough an evaluation of the water resources of the Mubhuri/Feni basin within

Bangladesh and their need for augmentation.

YI.5.4.2 The Existing Muhuri Irrigation Project
(a) Project Plunning

The Muhuri [rrigation Project was a component of the Meghna-Muhuri Water Transfer. as detailed in the [972
Planning Report (Rahman anc Associates Ltd and International Engineering Co Ref. 12). A feasibility study
was prepared by the same consultants (Feasibility Study. Comulla-Noakhali Project. Muhun Unit. December
1973 Ref. 13) hased upon the identical project area, but with adjustments to the irrigation details and phusing.

The fteasibility study envisaged development in two phases:-

- Phase [ (37 636 ha gross, 27 115 ha NCA, 23 068 ha net irngated area) relving on the dry
season flows of the Muhuri, Feni and Selonia Rivers, impounded by Feni Regulator.
[rrigation is by low lift pumps (LLP) drawing from the reservoir and a network of improved

distribution khals.

- Phuse 11 (29 219 ha gross. 21 004 ha NCA, 18 413 ha net urigated area) relying on the

transter ot Meghna water and local groundwater (3 642 ha of the total net irrigated area).

BAANNVES VI.5-7




The Phase I planning also allowed tor the suppls of surtace irmgation wiler to the proposed Chittagony North
Project (9 308 ha net irrigated arear on the coastal plam towards Chittagonye. The latter project was the finu

component of the 1972 Planming Report proposais.
(h) Present Development

Construction of the Phase | development. wnciudime Feni Regulator. was completed with Warld Bank (IDA).
Canadian (CIDA) and EEC assistance in 1957, The dred expecied o he irrigated was reduced trom 23 068 ha
to 20 000 ha by the 1974 IDA appraisal mission. to take account of possible water abstractions in Indiz. The

project ared is shown on Fieure VI3, 15,

The FAO/World Bank Project Completion Report (March 1987, amended and updated April 1988 Ref, 14)
estimates that the dryv season flows in the Muohun River at Parsuram and the Feni River at Kaliachari. i
conjunction with the reservoir storage. are Cufficient to irrigate onlv 14 500 ha. with 75% reliability. Estimates
of the actual area currently irrigated (hy hoth surface water and groundwater), in the Muhuri Resarvoir
catchments within Bungladesh range from |7 023 he (from eonculture statisties for 1987/88, according to
Project Completion Report) o 23 174 ha (SERWRDP Consultants” estimate). 1t is apparent, however. that a
substantial proportion of thi- irmgation tuke- nlace outside the designated MIP Phase [ area. Indeed. there i«
a sepurate FCDI projest (Kahua-Muburi Embankment, see Figure VI.5.15) in the upper reaches of the Muhuri
River. According 1o the FAP 12 Rapid Rural Appraisal of this project (September 1991) some 1750 ha of
trrigated horo were cultivated n 199091 v means of 80 LLP, 3 deep tubewells (DTW) and 17 shallow
tubewells (STW). The gross area of the Kahua-Muhur Emhankment Project is about 2 600 ha. The spatial
distribution of all irngation (including groundwater . as interpreted from 1989 SPOT satellite imagery. 1s shown
in Figure VIL5. 16, The distribution by irrigation mode, based upon the 1991 AST data (Census f Lift
Irrigation. prepared ny the bangladesn-Cancan Agriculture Sestor Team. for the Mimstry of Agriculre) is

shown 1n Tahl= V1,533,
VI.5.4.3 Muhuri Reseryvoir
(a) General

The reservorr has an active storage capacity of 25.7 million m®. and a surface area at full supply level ot about

21 knv. The range in operating levels is onlh 1.2m.
The concerns raised about the operation of Muhuri Reservoir, may be summarised as follows:
i) loss of active storage within the reservoir through siltation;

11) increased abstraction by low lift pumps from the river system upstream of the reservoir,

thereby potentially reducing inflows:

1i1) the instability of the outfall channel downstream of the regulator and the dynamic nature in

which this is changing and land accreting;

HAANN-VI-S
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Figure V1.5.15 ¢

Muhuri Irrigation Project
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Figure VI.5.16

Existing Irrigation
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!
TABLE VI35
Eadsting (1991) Lreigation within Muhurt Trrigation Project
Thitra aross Ared NCA Existing [rriveated Ared =a)
i) iy
Surface STW/ DTW T zal & af NCA
DSSTW

PHASE | AREA
.

Fem 11635 5 268 3563 499 758 4 220 S8.3%
| Sunigu i 8 256 & 239 759 2 S 10 il
‘ Chhagalnuwva 3 463 o 91 4 6350 62 0 +=713 I 8

Mirsar 8 854 =¥ 1 § 982 10 0 -3 9 3%
h Fuleuz 28 il } T58 782 138 3] =30 $9.4%
‘ Totul, Plisae | 39413 el 0. 10 726 71 538 12284 =5 3%

PHASE [l AREX

Pursuram 7073 S 22l 420 H 2 22A 240
F il 10 302 =27 2558 676 e 4§ Z5% 33 1%
Eahasiil b 4 730 = =34 =5 ] % 27 ~
.
Nirsira ™ el S EED ] D63 14 ) | 274 3 34
|
| Towal Plise | 29 999 21 o4 9 556 1 9T 23k 10 289 st g
| TOT. PHASE l&ll 69 412 18 18 29 293 | 808 7L 3 <8.2%%
Source: AST Cencus of Lint [erigation (1691)
i the ~equirement for gate opentng to.control ~titatton immedi celv downstream 1 the reservonr
durny the Jry season:
V) thr ugh the above, the poteptial loss ot trmation command from the reszm -
Hydrolovieul reserveir operation studies has < heen carried out in order to addiess some of (- above (ssties,
and @ determiine mi'rz precisely the total arcd which may be irrivated by enisting surface wirsr resources,
(h) Reservoir Siltation
In order to assess reservorr siltation. an evaluation was made of changes in storage over the wear- (987 885, [930
and 1991, Cross sections have been taken tor zuch of these years on estublished survey aes across the
reservorr, and are thusdirectly comparable between surveys. Elevation=storave “urves huve been aleulated from
these cross sections. und are presented tin Frgure V3,17, Detnls of the changes in storage are 1ven in Tabiz
VI3 6. Unfortunately. the cross sections duo not cover the Whole extent of the reservoir. and igure VI3, |7
and Tuble V3.6 do ot therctore represent the whole reservoir and cannot he compared wits the <levation-
storage characteristios prepared hetore construction (see Table VI.3.9 in Section (¢) below?y. In particular, the
upstream portions of the reservorr are omitted. and it 1s here that any siltation s likely to he st sienificant.
N ANV =
I He AN V1.5-9
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Figure VI.5.17

Muhuri Reservoir Storage Capacity
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However. although some lo-< i live storage due to sedimentation is apparsnt, at the present raze it would take
nearly 50 years to halve the ~resent capacity within the portica covered by the cross sections. Even then, 75 %
of the dead storage would r=muin.

TABLE V1.5.6

Chuanges in Storage of Muhuri Reservoir, 198788 to 1991

1987/88 1989 1991
Mm? M % of Mm® % of
98~ /88 1987 88
Total Storage helow 3.8 m 37.02 3336 96.9 35.54 96.0
Live Storage (2.59 m 0 *.31 m) 18.64 1738 94.3 17.37 943
Dead Storage below 2.55m 18.38 1= 28 95.5 17,87 97.7

There are no sediment rating  drves avanlable for either the Fem:or Muhur sivers. and there 1¢ meutficient dara

at this time to attempt to wodel rates of loss of storage.  On the basis of a sediment vield of 300
tonneskm~/yeur, und assuay 2o bulk density of sediments i 6 tonnes/m . dinual sediment milow cotld he
of the order of 3 Mv'.  Coraued monitoring is essential. b as already nioted. the veneral indicators are that

there is no great cause for _ncern. Rates of reservoir secmentation arz related to the rato of reservoir
storage to annual inflow. anc the manner in which the reser ir is operated. For a viven annual sediment
concentration in the reservoir ntlows. the larger the reservoir the greater will he the rate of sedimentation.
The gross storage of the Muli.n1 reservoir at full supply level i= only about 6 Mnr'. whilst meun annual inflow

is of the order of 3 800 M The trap efficiency during ths main monscon season should not therefore be

high.

The greatest sediment intlow- il oceur durmg the months 01 “une to September,  [rrization demand in these
months 1s low. and operations. nolicy should be to keep reservi s levels as low as possible duriny these months.
thereby minimising loss ot aciive storage. Such a policy is ok iously also advantageous from « tlood control
point of view. although 1t is v- lerstood that some tisheries intzr=sts may be affected. There car, however. be
no supportable fisheries arcu=ent as reservorr siltation would dlso limit the sustainabiiity of fisheries. The

impiications of such a poiicy = reliahility of suppiy levels is fiscussed in Section (¢ helow

(¢) Reservoir Operation Studies

The objective of the reservoir peration studies has been to awsess the reliable vields from the reservoir for
irngation supply. Over 307 « ~ the Muhurt Reservoir catchmen: area lies in India. Inflows on the Muhuri River
are gauged at Parsuram. with =cords dating from 1965, The T2ni River is zauged at Kaliachar. and records

data trom 1975,

B ANX-ALS
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Part of the Mubhury fsserverr catusmentdres 1 reprasent=d o the MPO water halance model prepuarsd tot the

Thi- 1.

Natonu! Watgr Plar YWP) Plz<e |oand o~ delingated ah cateiment Nro 15 (See Figtee VISR
efigetively all of the catchment Lpstizem oo the conflusnee of the Feni and Muburt Rovers, Biilos s 10 the
Muhurn catchment at Zarsuramy and from ether minor stzzums, have been infill=d and extznded under the N0
Phase 11, usine a coprnaton of sorretos wnd stochuste weehmgques. The sume appr ueh s been s
part of the Presen: @udt 4 extend an. mnd flow redonds i the Feni Riverat Kaliighaqi Sidbar asppoag
i iR taet the only ofs feasible, 1m Viee of the absenes of hydrological. topogrdphi. or jand use date 1o the

Indian part of the cal_himent.

The Muhur reservor vas not incorponted 1n the water halance model. but the model ¢oes melude 1rrvation
from the reservorr witiin vatchment Ne 130 The model can therefore provide net imfiow - o Mubur Reseroon

trom catchment Nt % and the upstrean catchments i India.
M

The mean annual waizs balance tfor catcament Nr 13 1s summarised 1n Table V1L.5.7. Qutputs from ths mode!
also melude tme seris net catchment cutflows, and thess have been used as inflows tor tne reservorr operation
studies. The deticits cenerated by ths water balance model in catchment outfiows as-ume thal th=re 1~ no
storuge in the catenmens By wtihising tais ottput for operational studies, the outconie 1s the additional reser on

vield that can he obtonzd. over and above existing water use from the reservorr for irnzation.

It will he noted from Tuble VI3.7 ther erop deficits are ndicated in the months of Nowvember, Dzoember,
lanuary and Februar:  There mas miact be some good reason for this, but for the purposes of the pres2nt
Investigalions, surtucs Waler abstractions i the catchment have been increased (o a l=vel that satisnies the
deficits, and the mode re-run. The retised mean annua water balance 1s summarised in Table V913,58, Some
minor deficits in crop water suppls stil remain, but they are in part related 1o tree and ey fand crops. rather

than the boro crop.
In addition o the wats halange mode! outilows for catchment Nr 13, the infilled dnd catended How records

for the Feni River at wiliac nari have been used direct]y as w further intlow o the vesers r.

Simulation of the reser oir operation has been carnied out using the program ONRES] which carries out a
continuous stmulatior dsing a time serizs of monthly intlows and rainfall, and specitied monthly evaporaton

and releases. The rescovorr mode! has meen used to assess:
) Whetner tull wet season drawdown is reasible.

1) What additional releases are possible from the reservoir. while maintaining 80% reliability of

supplt in each month of the irrigation season.
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Figure VI.5.18

Southeast Region Catchment Delineaticr
for the Water Balance f\flodei
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The reservorr characterstios used 1 the operation studies dare summarised in Tuble N 05
TABLE VIL.5.9

Muhurt Reservoir Characteristics

Elevation Storage Reser'or Area

feet metre 1000's Acre tL. Mm’ -
6 [.83 14.5 7.9 |4
6.5 .98 16.3 20.1 I5
7 2.13 18.3 22:6 |9
3 2.4 23.5 29.0 2
5.3 258 26. | 32 2}
9 2,74 28.7 35.4 2
10 3.05 3339 41.3 2]
I 3.35 39,1 48.2 2]
12 3.66 44.3 34.6 2]
2.5 3.81 46.9 7.8 2]

Notes:

L, Minimum supply level 8.5 feet.

2, Maximum operating level 12.5 feet.

3: Reservoir Area approximate only - derived trom slope of elevation-storage curve.

Source: Muhurt Irrieation Project Operation and Maintenance Manual for Project Major Works [ECO/Muhun
Desiyn Cell (BWDB). March 1983,

It hus been found thut the reservoir can be kept at its lower operation level of 8.5 2.39m) feet during the

months of June to September, and will fill reliably in October.  Although model results have indicated that the

reservoir will remain tull through November, the variahility in October tflows is such that any delay in filling

heyond the end of September 1+ not recommended.

The results of the simulation using the program ONRES| are given in Table V15,10, The prescribed minimum

monthly releases have been set on the hasis of:-
- a gate flushing allowance of 3.0 m/s (see Section (d) below)
- irrigation water requirements for an additional 6 000 ha of irrgated arey. on the basis of the irmigation

duty implicit in the water balance model (0.73 1 5/ha).

The minimum release tor the eritical month of March 15 7.5 mY/s (201 Mm?). It s tound that this release cun

he achieved with 80.9% reliability, based upon the intlow data for 1965/66 to 1988/89.

HAANN VA VI1.5-14
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Minimum Eelease in March For Gate Flushing and Adcitioral Irrigation

TABLE vI.5.10

Simulation of Muhury Reservoir Operztion

7.5 m3/s. Minimum Dry Scason Operating Level B.5 feet (Z2.59 =) Above SO8 Datum.

Gross Capacity 57.9 Million Cubic Metres

Units-million cubic metres unless stated

Prescribed minimum

Prescribed minimum
Monthly evaporzzion(mm) 183.0 183.0 135,

Monthly rainfal . (mm)

Assumed monthly

seepage

Full Inflow Sequence

Year

1965 /66
1966/67
1967/68
1968/69
1969/70
1970/71
1971/72
1972/73
1973/74
197475
1975/76
1976/77
1977/78
1978/79
1979/80
1980/81
1981/82
1982/83
1983 /84
1984 /85
1985/86
1986/87
1987/88
1988/89

Mean
cv
Skew

Apr

34,
16.
57.
59.
129.
L9,
5
4h;
49,
b6 .
11,
25,
410.1
20.7
30.
10,
261.5
43.3
293.7
10,1
87.9
127.3
260.2
43.8

O N oo P oo o o

—

93.3
1.13
1.8

Values Equal led

X(1)

IANNVIES

29

May

87.0

§2.7
176.8
369.4

90.3
139.8
292.5
109.3
712.2
318.2

72.6
136.1
L28.8
637

6é
371.8
341.2

35.9
763.3
6664
285.0
132.0

89.7
688.3

%
.2
.2

295.9
0.80
0.8

Apr  May

17.37

June

32.2 32.2 32.:=

27.2 16.11 295.
0. 0.0 0.
0.0 0.0 0.

Jure duly
L62.3 932.9
1.4 LGT .4
3471 763.6

1153.4  1276.8
675.0 883.6
415.2  1065.7
531.56 961.8
403.3 L67.6
682.5 718.7
702.4  1752.7
167.4  1021.0
B13.56 734.7
916.8 923.0
988, 1 731.5
2B0.7 1258.3
311.8 437.9
498.7  2035.6
593.0 317.4
289.5 10191
460.1  1452.2
712.8 771.1
269.0 774.9
336.2  1130.0
727.1  1624.2
547.9 981.4

0.46 0.43

0.7 0.8

22.36

or exceeded B0% of the time (Not an

89.83 01.93

Se: Bet

Now

3.0 32.2 32.2

0.7

1.7

134.7 131.0 108.0

LGNS
C.:

-

b
b
3
o

hoc

E ok
a2

| e

S

433.9
z2:.3

254

LY

282.8
.50
29

July Aug
32.2 2
T 339.21 339.27 29¢.0 1
120.0 140.0
0.0 0.0
0.0 0.0
Aug Sep
1224.B 499.5
1084.2  623.4
£95.3 507.3
658.5 377.¢
1151.4  482.¢
735.2 355.1
880.7 466.8
1009.5  204.0
560.1 362.9
1072.2 723.4
419.7  430.8
618.7  267.5
673.3 361.6
4ze.0  611.2
837.6 515, 5
733.7  464.5
TRl 2574
3106.7 994.3
1434.% 296.3
567.0 553.1
754.5 2132
417.6  433.4
1359.0  804.6
752.5 700.9
918.9  4B2.0
0.59 0.39
3.0 0.9

0.0
0.0

0.0
g.0

Now

103.7
10,7
3.1
7954
B4.8
134.8
106.0
53.1%
234.5
168.7
219.5
76.5
91:8
78.0
6.1
739
39.7
77.2
99.3
75.4
2.5
284.6
1¥5:3
129.6

M55
0.54
1.6

homogeneoLs sequence)
£2.27

09.51

VI.5-15

4.2

Dec Jan

32.2 32.
161 16
96.0 103.
0.0 0.
0.0 0,

Dec

95.6
22.2
23.8
27,3
41,5
35.6
11.2
71.9
T4.T
71.0
2B.4
22.0
2.

3.

L
W -~

26.2
57.6
3101

14.7
45.0
351

60.5

39.2

0.65
0.8

22.02

Fet

2 32.

T 6.

0 123.2

Jan

39.6
58.4
25.2
28.1
29.5
37.2
311
16.9
52.5
58.7
46.9
23.8
3.3
287
3.9

b.4

8.8
30.5
55.2
30.5
21.4
40.7
25.4
474

33.5

0.43
0.2

4.1

Mar

32.2 mrth-erd storage
20.1 monthly release
169.0

0.0

0.0

‘9.4
25,9
2.8
‘4.5
‘4.5
7.2
‘6.8

6.3
‘8.4
36.3
2.5
=57
"F.2
.3
‘5.0
‘3.2

8.2
3%.1
25.6
9.8

5.0

1923
26:1

w.T
T.42
0.9

Mar  Total

8.8 3718.0
33.7 3384.4
22.5 ]
15.3
6.2
3.53
16.6
9.9
15.3
24.1
29.2 -
4.8 2895.7
7.0 4114.4
6.4
29.5
18.5
4.8
60.8
1.6
19.8
-85
38.6
51.2
10.7

7.7
0.92
Tail
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TABLE V1.5.10 (Contd)
Month-end Storage
Million Cubic metres
Year Apr May June Ju oY Aug Sep Qet Nov Dec Jan F=b Mar Toeta
1965766 87-9 59 2.2 32.2 32.2 32.2 57.9 57.9 57.7 57.9 57.7 43.9 577.%
1966/67 32.2 57.9 32.2 32.2 3e.2 32.2 57.9 b Sy 57.9 ST.9 57.9 5863
1967/68 A7.9 549 %ée2 8.2 32.2 32.2 57.9 57.9 gk ST Shat 53.6 5813
1968/ 69 7% 5729 g2 32.2 22 L il 57.9 519 57.9 57 -9 5259 46.9 576.0
1969/70 57.9 57.9 32.2 32.2 32.2 32.2 5719 57.9 5.9 57.9 53.9 38.4 548.5
1 1970/71 579 57.% 32.2 32.2 32.2 Ly 57.9 57.9 57.9 558 56.5 36.4 565.
? 1971/72 57.9 57.% 32.2 32.2 32.2 32.2 57.9 57.9 AP 579 RELE 48.5 580.3
1972/73 578 579  32.2 32.2 P G s i 579 51.1 50.0 3745 32.2 531.2
1973/74 53.9 572 32 32.2 32.2 32.2 A 57.9 57.9 T 56.8 50.8 §79.3
1874/75 7.9 57.% 32.2 57.% 32.2 322 5749 57.9 37.% V49 57.9 579 B1Tu7T
1975/ 76 40.2 57.9 32.2 32.2 32.2 32.2 57.% 57.9 7.9 57.9 57.9 57.9 574.3
1974477 54L)9 §7.9 32.2 32.2 32.2 32.2 57.9 57.9 57.9 57+ 9 55.9 371 5663
1877/78 57.% 7.2 32.2 32.2 32.2 32.2 57.9 578 57.% 57.9 53.7 37.7. 5&7.5
1978/7% 32.& 57.9 32.2 32.2 32.2 32.2 57.9 57.9 57.9 57.9 52.8 358 8§3%.0
1979/80 BT e B2 302 3.2 3252 57.9 57.9 57.% 579 55.2 57.9 567,
1980/81 38.1 579 32.2 32.2 32.2 32.2 57.9 7.9 43.8 32:8 Beie i s 480.3
1981/82 57.9  57.% 32.2 ST L 32.2 572 579 41.4 32.2 . 32.2 524
1982/83 S0.6 57.9 32.2 S2ad 579 32.2 57.% 5758 57.% 57.9 57.9 579 &1t=
1983/84 57.9 57.9 32.2 382 57.9 32.2 579 57.9 57.% 57.9 57.9 35.9 585.7
. 1984/85 32.2 STie 32.2 7.9 32.2 32.2 57.9 57.9 57.% 7.9 57.9 3o BER.TY
1985/86 e T . 32,2 352 a2 57-.9 57.9 54.5 57.9 46.4 32.2 551.3
1986/87 57.% 57.9 3.2 32.2 322 32.2 57.9 57.9 STN 57.9 S2.7 ST.9 5B&.B
1987/88 579 57.9 32.2 32.2 579 32.2 57.9 57.9 57.9 579 54.3 57.9 6141
1388/89 57.9 57.9 32.2 57.9 32:2 32..2 57.9 57.9 STi% 57.9 57.9 45.2  605.0

Mean $1.6 7.9 32.2 36.5 35.4 e 57.9 57.9 56.2 55.4 52.% 45.8 571.7
cv 0.1 90.0 00.0 00.z 70.2 50.0 00.0 00.0 0g.o 80.1 30.1 50.2 20.35
Skew = i B =] Ve 2.4 o 1.1 s ~2.8 =3.0 =2 0.0 1.

Nr of months in the Sequerce 288
Nr of months the reserwvoir spilled 14=

Nr of months the reserveoir emptied 102

Nr of years in the sequence 24

Nr of years the reservoir spilled 24
| Nr of years the reservoir emptied 24

Average monthly inflow 318
| Average monthly losses-2.(-0.7%)

Average monthly outflow 321
Average monthly spill 72 (22.6%)

I ANN-VLS VI.5-16




Total Reservoir Outflow

Year

1955 /66
1965/67
1967 /68
1968/69
1969/70
1970/71
1971/72
1872/73
1973 /74
1974/75
1975/76
1976/77
1977/78
1978/79
1975 /80
1980/81
1981/82
1982/83
1983/84
1984/85
1985/86
1986/87
1987/88
1988/89

Mean
cv
Skew

Apr

30.6
25.3
56.8
54.7
121.8
25.6
72.8
.7
27.2
59.1
)
7.2
399.58
2.
27.2
7.2
240.1
272
300.1
11.5
84.9
106.6
265.0
44.0

88.6
L)
Tl

May

B5.2
665
TP
3787

88.2
140.6
29545
108.6
718.3
322.86

53.9
13..5
434.0
515,48

&5 .0
360.4
347.2

7.2
ki =
652.7
288.9
132.8

88.73
6987

292.9
70.8
0.8

TABLE V1.5.10 (Contd)

Juse

L9984
4Lt .8
378.0
1198.2
7y S
AT .3
5641
435.4
719.5
7355
195.40

855.3%

952.4
1022.0
313.9
33%.5
530.7
62%.5
3191
491.5
Ta7.7
298.1
65.4
7577

581.4
20.4
.7

July

P46, 3
502,41
775.2
1288.1
895.7
1078.5
969,69
471,8
727.0
1TL9. T
1035:1
741.8
933.4
739.0
1270.6
L62.2
2025.9
322.%
1031.0
1446.0
779.4
784.4
1143.9
1612.0

g88.0
40.4
0.8

Values Equalled or Exceeded 80 pe-cent of

XD

[2Y]
-4
2

85.9

345.3

T2e.r

Percent of time p. the specified wvalue of

X(1)
PO

Ko ANN-AVILS

27.2
85.1

16.1
100.0

1296.0C

0.3

1339.2

177

A g

7.2
0.5
7C4.3
674.9
11656.2
7L2.5
B88.8
1020.4
552.5
1HeEs.8
&421.7
629.0
678.4
4283
875.3
763.7

T2

1é
1

(S B VY |

3

3092.9

1442.7
627.6
76-.9
422.1

1345.3
B23.8

F28.4

20.5
3.0

627 .9

133%.2

144

Sep

504.6
629.5
515.5
381.0
486.1
356.8
4684
202.5
367.2
727.6
4346
269.5
362.9
617.6
517.2
467.8
258.5
1024.6
324.2
556.6
o
437.7
836.3
707.3

488.7

80.4
1.0

331.6

1296.0
-3.4

Bct

240.2
310.1
286.8
133.7
148.5
375.5
2443
109.7
165.1
585.8
532.%
125:1
207 .4
169.5
181.0
270.9

83.9
136.6
44304
265.0
77.4
409.2
202.0
479.5

257.6

00.5
0.9

134.4

¥ is equalled or sxceeded

10.7
100.0

Ny

T0z2.
10%.

4
5
8

Y&.9
8z.6

134.5
106.2

5C.9

2371
167.3
220.2

Th:3
0.7
75.8

1158

715
37.4
75.4
97,8
3.2
50.51

285.4
111.5
129.2

0.3

60.5
1.5

¥2.)

1.7
100.2

Dec

39.3
6.1

20.2

21.8

2523

39.5

33.6
16.1

?1.6

72T

£9.0

26.4
20.0
7.4
30.2
&0

6.1

24.3
6.6
9.7
6:1

3.0

33.3
5B.5

39.3
5C.6
1.8

the Zime (Not an Homogeneous Sezuence)

2.0

18:1
102.0

LA T2 )
el Lol |
Con IR, I o1

26.0
27.7
35,4
28.9
16,1
50.4
56.5
45.2
21.9
29.2

23.5

5T
16.0

158

28.%
537
28.4
16.1
38.6
23.3
45.2

32.2
00.4
0.6

16.1
89.2

million cubic metres

Feb

16.%
I
16.9
16.9
16.9
16.9
16.9
16.%
16.9
34.0
17.3
16.9
16.9
16.9
16.9

8.1

5.9
31.8
23.0
17.6
16.9
16.9
16.9
241

18.3

00.3
0.9

16.9

16.9
89.2

Mar

20.7
32.1
20.1
201
20.1
20.1
20.1
14.0
20.1
20.6
26.1
20.1
20.1
20.1
24.3
16.3

0.0
59.4
20.1
20.1

7.8
32.0
45.2
20.1

22.4

20.5
1.5

20.1

20:1
80.%

Total

3759.2
3397.5
3045.4
4267.1
3793.4
3416.9
3707.7
2498.0
3732.9
5634.6
3077.8
2941.9
4145.0
3784.4
3661.3
2796 a'SE!
4304.0
5480.9
4882.1
4220.0
3125.4
3006.8
44T76.8
5400.1

3848. E_f'

10.22
0.7

3052.7

5405.2
10.6
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The seservonr hus a substantial dead sorage capae v, and 1f 1t were possible to unihise the storage down ta 6.3
feet O m) rather than 8.3 teet (2 39 m). the C=pendable releases may be increased. A revised anulvsis on
this misis showed that 8.5 m7 < (22,8 Mm®) could chen be released in March. with 80.9% reliability. Allowing

3.0 s for gate Hushing the balan.= of 3.5 m'/s 15 suffictent to irrigate some 7 300 ha,

From Table VI.3.8. the irmuated ar=u included n the water halance model 15 14 300 ha (265 kot at 34%
inten-ity of horo). Assuming this s split betweer: surface water and vroundwater in the ratio 0.062 to 0.01 1
in March (last two lines of Tahle " 1.5.8). the zrea rrrigated hy surrace water 15 12 130 ha.  Adding the
additional irrigable area from the reservoir similation, the total ares irrigable from existing surface water
resolires 18 hetween |8 130 haand 2 450 ha, T=is compares with existing surface water irrigation of 20 292
ha trom Table V1.3.5. Exanunatior of the water level records for recent vears indicates that the reservoir 1s
almess alwavs maintained at or nees 1205 feet 13,81 m) elevation throughout the irrigation season. It is
ther<s ire concluded that existing sur-.ce water resources are sutfictent for the irngation of the existing 20 292

ha. k.t there is no addittonal potent: -

(d) Land Accretion and Qutfall Siltation

The rate of land acerstion tollowing “he closure ¢ 1 the cross-dam at Fzmi Regulator hus been quite dramutic.
Prior ‘o closure, the channel invert hol heen at -1€ m, and there was open estuary downstream of the regulator.
The caunnel bed is now often at — 1= or = 2m immeditely downstream ot the regulator, and about 3 km ot
land ras accreted south of the closi-z. Drainag= from the regulator has changed its path, and  with high
velocities during tlood, the channe. s extremel: mobile.  Serious hank erosion was caused immediately
downtream of the regulator in 1990 :nd 1991, and prediction or control of the movement of the channel will
he eviremely ditticult. This aspect caanot be addressed as a part of the South East Regional Study, but needs

to be Jiven serious attention. Rexul:- monitoring of the situation is essentiul,

Siltar snat the outtall of the regulat - occurs duriag flood tdes An cnservuhly heavy silt load is carnied by
the ¢ o=, some of which is deposited _uring slack water at the tdal pean. The Sediments deposited appear to
be in e very fine silt fractions, and .re cohesive.  Oncz deposition his occurred it s very ditfieult to achieve

re-susrension, and classical sediment ‘ransport the oy Tor non-vohesive materials no longer applies.

Rate~ f sedimentation downstream - the reculato= cannot be predicted A monitorinye programme 18 required
B P g prog |

to s ~Uin manaeement of the probl= nand may lzad 0 a better understanding of tuture meuns of control.

With rzeard to the requirements for Zite operation to control siltation in the dry season, there is no meins hy
which this can be determined ana -tcallv.  The desilting procedure laid down in the "Operation and
Maintenance Manual for Project Maj r Works” (IECO Muhuri Design Cell (BWDB) March 1983 Ref. [4) 18

as tollows:

“Silr aeposition in the avea dovenstres 1 of the flap cates should be monitored constanddy. It should be observed
vista! v ont o daily baxis expecially dy ng the dne season. Heavy sile acewnularion is expected to occur behind
the flan varex. Ax the flose of the tide varer or tideal bore i stopped by the regulator soructure, the suspended
sediments in the tide water drop in “he area downstream of the structure. This silting condition hay been

observed o ocenr in the existing Liv o Feni Regulator during the div scavon due to infrequent and imininal
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releave o warer thvowel the veculater so fluvl the sediments duposited hehind the flap care-. Tii Sflap vares
are being bloced by the heavy silt deposits and could not operate nopmally. The same situction will ocenr in
the Feni Regulator it full artention ts e given to the silt depoyition beiind the flup gaies, 4n operating plan
shewld be follinved re prevenr the ili o aconnularing ro an extenr thar will prevent the flup gates from

apening,

The vadic! gares should be apened veher: the silt level behind the flap gares is observed 1o be ar about 4.0 feer
clevarion. Wil this condition, the rexervoir water pressure can overcome the passive resisrance of the xilt
behind the flap gates. The gate opening should not be more than 2 feer. The sluicing or flushine operation
should be done for a period of not more than 15 minares. I is not necessary to open all the cares ar the same
nme. Gaies (o he opened should corvespond 1o the areas where heawy silt deposit is observed. I it is necessary
o operarc all the gares, alrernate gares should be opened wirh the remaining vet of gatex 1o be operared only
dafter sluicing operation on the first set of gates is completed.  This operating condition has the advantage of
disturbine and lvosening the silt depevits in adjacent bays due 10 wrbulence and eddving effecr of the
discharginie warer. If for any veavon. the flap gares would not open, portable pumps should be wsed with warer
jets 1o locsen the sile depaxits behind the flap gates. If necessary, a mobite crane may be needed 10 help in
twitiadly coening or litting the flap gates o allow warer 10 discharee throwgh the cares and flush the vediments.,
Itis important 1o make sure that the flap cates will function properly ar the end of the div season. The Hap gares

should be prepared and should be read: 1o pass flood flows before the flood season arrives.

The responsibifiry for monitoring sile devosition in the discharge channel and in the downstream area of the
regudator belongs 1o the O&M Supervisor assigned to the Feni Regulator.  Carcful planning of tie sluicing
operation should he made by the O&M Supervisor to avoid wasting the valuable water in the reservoir during

the dry xeason”,

In the "Evaluation of Muhuri Irrigation Project. Bangladesh” (Keith Project Management Inc. for Canadian
international Development Agency., June 1990 Ref, 135), it 1s stated that, “in order 10 ensure that the radial
carey renain free and operable, the BADB ix continuing a previously estublished program of flusiing warer
threugh each of the radial gates for perods of abour 2 to 3 minutes every other day.  As noted iv the 1986
report, the provess seemys to be working fecrively although it is monoionous and time consuming. The eniire
prrocess raxes about 2 hours to complere bat there appears 1o be no reavonable alternative and phvsical soluriony
would be extremely expensive. A caleulation to determine the amount of water required annually for flushine

indicares the volume ix not excessive and does novdetract from the reservoir's major objeciive of providing warer

Tor frrigarion ",

On the basis of the above two sources, the equivalent continuous discharge required to be released for gate
flushing lies between 0.5 mY/s and 3mY/s. The higher more conservative figure has been used in the reservoir
simulation in section V1.3.3 above. It is apparent however that much less may be needed, in which case more

water would be available for irrigation.

It 1s only through operational experience that any fine tuning of current practice can be made. Careful
monitoring of current practice along with the monitoring of downstream conditions is recommended. Regular
survey in the reach downstream of the regulator must be carried out, possibly at weekly or fortnightly intervals

through the dry season. Physical modelling could be considered to investigate certain aspects of gale operation
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peSp,

and stltation. were 1t found that conditions were deteriorating.  BUET heve already —een involved in the
preparation of a phvsical mode!l of the reculator to study the effects of scour on the dow nstrzam apron (Ref,

16). While uncertainty does exist over the discharges required for flushing. :nd the mancer in which it 1s best

carried out. flushing must tuke priority over irrigation supply in view of th: possible corsequznce of reduced

tlood discharee capacity at the start of the wet season.

River tramming works will be required to arrest the erosion being caused by =z current nosthward mugration of
the outfall channel from the regulator. A longer term solution involving the reclamation of the lands already
accreted downstream of the rezulator 1s also a possibility, and could be investigated by the Land Reclamation

Project.
Operation of the rezulator during the wet season, in particular to control downstream sceuring, is covered by
the "Second Flood Damage Rehabilitation Project, Feni Regulator: Downstr=am Scour, Report on Hydraulic

Maodel Study and Design” ( Ref. 16 - Sir William Halcrow and Partners Lic March 195 1),

5.4.4  Summuary of Findings

The findings of the investizations into the Muhuri Irrigation Project may be summarised as tollows:
the water resource of the Muhun Reservoir is considered to adequate sor the trrigetion of about 20,000
ha, which s in fact the estimate of <xisting surface water irrigation {7 m the resers oir: 80 % reliability

in supply can be achieved, but there 1s no scope for increased reser oir yield bevond this:

maintaining the reservorr at as low a level as possible throughout trz monsoon season will minimise

sedimentation: the reservoir can he refilled at the end of September:

river training works are required downstream of the regulator in ore=r to stabilis= the outtall channel:

@ detatled investigation of these requirements should be carned out -« soon as pe ssibiz, and could be

linked to wider considerations of land reclamation and permanent o annel formanion.
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APPENDIX I

RESULTS OF PENTAD ANALYSIS




Analyeis of Pentades

B-076, Narsingdl;

| TEAR ] !LPE; NAY | JUN | JUL | 40G | SEP | OCT | NOV DECE JAX | FEB | ¥AR

] ] ] ] ]
1962 |-2.6, 88t . T T ————
1963 |232, .383 L .iiiian ceeees. FET3TS% LSTTITIITITITIITLLLSTITIIINNEE
1[0 COM—— T ST evaa .. STITIRTIITIIIIILIILILILLILLLLL
1965 |rz1ess pxx B — L ITIT . IIIRTSITIIIITILITLILILLLILLLL
1966 |32....... R e e L IITIETTILILIIIILIILILILLNNL &2
5217 ¢ £ fe - b SRR+ SRR 1+ + 11+ 4+ 94 3010325405464 520655 S
1968 |..... L2 S o, TRIITLITTTTTTIIILLIILLLLILILLLILL £
1969 |2x L e e FIIIIIIIEIILIIIILIIAIITITLILININLLY
1970 [s...52, 5., ... Visannieina > SR IX3TTITXTIIIILTITILILTTILINLILLS
15 TR < A AN 113, TESL TIRATIILLITITITITITLRSLIINLLL
21 ] EO— T R S e 1,1, PRIPTLLTITILITINLLLLLLLLLL 1 fXL2L
L B e $0I3T SETITITIILLTLIILTLILLIILLL
1974 Lo ®iica S R ™ mmames IIYILeTsTyTSLLIIIrEsSIILTIRITIIILLY
1875 |*=, 323z ... Tz L, -+ S IIIIITITITILIILITITLLTTILIILLILL
1976 lexxe . e, IO S TR $ 500058000608 806006003¢6¢48853332¢8384
S 1 1 SN R © S & & 2 SR 2 663496 0000403200000 88032100801
T o & S . 113, TIIT  IIIINRIRLIIIITIRLLLILLLLLLIIILILL
R 25+ SO - R Fiiuo.. o F3, L REIIIIINT,  RITIITRIFIIRLXIILIIINNE
LI E S S i e L IIIIIIITITIITILLAITILIILIIILILILS
1981 (%, 588, ... 00t nekt. . o JBIITTXTIIITIELLAITLTLLLLLLLILLLLLLL £2T
1982 |zx2. .. .. T - TIRTA  + & SR—— ve.. SIRIRIITTTTELLILITIINOLLLLISRLL | 1
1983 1388 im0 e R TN $4 3065488848888 08093 680080803
i B £ P, 1T IIIITTIEIILIITILLILLALLILLO00Y
181 LI I AU > S 6§ 666654 688338689 7908063850004
11 o —— SR LERITIRTLTLLTILILLLILLTLLLLLIL £x%
18] —  —— SRR vee.. B STTIATTITIIITITIXSLLOLRTL 2 1%
B[RS S T IELLITXLTLITIILITLLTILLL 120 IRL-
I e — 2
1 4 | 1 L
Note: * represents a dry pentad

Note:

repregents a wet pentad

- reprazents aissing data




dnalysis of Pentades

B-101, Bhairab Bazar; Daily Zainfall /gm;
VEAR APE | MAY | JOX £ JUL ; AUE i SEP 10T ; KOV l DEC ! JAN i FEE i 4AE
1962 |-........ o O b L_:xxxL:xx::i:xx::txxx::i::x::é::::::E
1963 |tssrtrxr, T ¢ S xx::x:zx:xxtx:xx:xuxx:xxx::u:xi
1964 [¢t...... PR © S 2 S TITLITITILLILLSLLLLLLLLLLIILL |
1965 [ .#3223, $11 e e e TITT . RIRITTIRLIIIITIITITILLIIIIIIIL
1966 |3z, et 1y . e 3 N— IITLEITTIIITLIIARLLLLLTLLLIZL 22|
1967 |33 oo b _._..'.._,__:x:xxz:z::x:x::x::xxx:x:x::::t::::;,'
1968 R & 2 2 ,,'_,_x.x_,.=:x:xx:u:x::xxmtxzxmtzxx:m_‘x
JELIINE ¢ SIS ¢ ¢ ¢ SN—_— & REM Ji— r.. IR IIXIXRIRILIITIT LR ISLTLIIIILL|
1021 d1 AT < I £ LN T SR— RN SRS & IR 6244348393833 242501 ¢ NN
1971 |- —— - - ——XITIIXXITTIILLLLILLLLT
)2 oo POITIIIIINIITIIRIITITLILLLILALLLLLLL LLITLLE
BE0E JOEE i e 0 s s ormens acarmcamn TITIIXIYLTITITNSILLLLLLLILLILLLI0D
1974 {088 I S ::x:zz:::::z:t::::x:::z::z::x::::zxi
1975 |®sses33 xxt oy ozan: e I RIIIIIIIIXITIILIIIIRLIILIIL
1976 (33, . £4 ¢ S IIIIY I ITRINRIERrIYIIITISIiTiILSIIILs
1977 .02 R g e S IZT FIIIITIIIIIRRIIIITIIITIIIIILIL
1976 |22, e, ¢ S E % & SR, S| ITTTTITITXLLLLIILILILFLL T2 2022r ¢
1878 |sxgzzsersesses T TI,TITIIARNY IMRIITIITIILISLERIfIIZIOOLL
1980 |xzsxzz ... ... T DIIIIRIZITTILXITLLLTLILLLLLLLIIINGT
1121 15 [ — ST | e e e cocaraiaraman TIIITEITTTIILLLLLLLITLILILLLLIALILL 223
1982 |s2s2s. ... e R : - FIIIITTXTALTLLITILLLILLLLLLTLLLLIINN ¢
1983 |*xz . .. e LD IS SRR 2 SR £ 2452488339282 32299090 02038000
1964 |xggxex LI I ENRRIITIILILLLLILIILLLITILILILY
1985 |=2, ... 22 4 UL £ S P 2222202200003 8808330338590929301
1986 | .o o0 (N GR——— TIzIryESIITIIIEITETRIIISTYYISIT 1y
1967 |22z .. ... i e S e o e ] IITITITCXTITLLELLILTL2LL 1axs
1908 1282, s i 15 S LR R 0 2 82030402383333343333953835501

| 1988 |#sdfxzzs | . . .x33 . I ¢ < HIE$223243 34544444439 460504439094 _-I;

. I 1 ] ' ! ! ! ' ! |

Note: * represents & dry pentad
Note: . representz a wet pentad
- represente eiseing date




analysis Jf Pezzades
R-103, Brahmantaria; Daily Rainfall (sm)
pear| w8 wr ! Jox | oL | :oe | SRR ocT | SOV ! gRC | M| 7EE | MR
| 1 I h | 4] slu | avls | SR { AR JAN ! .5E: GBS
Lo UL & SRS 13 S {ITT1I  1IIITIIIILITITIIILLTILILATLLIILLIL.
| 1363 | mmmmmmmmmm e L (5 SN, 5 5 o (IIITIITIITITITITILTEILLILTLII,
| 1964 | e e i
| 1965 |-tyzrzz, tfx L 5 S TIIZ, FITTILTILTLLTLTLILTLITLILLITIILLLIL|
| 1368 i::x__u ________________ - [IIITX222X2L2ILLLLITILIITINLL 11
| 1967 lsz ... ... 135 S S LIIIIITILITITIIIITILTLLEITLILILLLL
| 1T RS < 5 S, u_,‘:xxuxzxxxxznxxxxuxxxxxxx:x:xx:xx,_:i
I 1969 ;::1____::81 ______________ 1 (IO :x:::uxx::x::xxx:x:x‘xx:xxmuunx,i
R0 1 . £ £ L < T IITIIITIIITITITITIITIATLIAAILELILNLL-|
(i —— C SN G T e (1. CIIITITTLIILTTLLITTTILILLLLILL|
T2 Vosese o ] ¥ IIIIIIITIIIIIYITIITLILIIIN LT IIIIAITLLNIN
i eyl < S RIIIIF, | IIIIITIIIIIIIIIIIIIONNNG |
G i T R & 2 tIT 8, tTIIEIITITTITITITITITITXTRXNITIILATIILL|
| 1975 iux: ,,,,,,,,,,, L6 & & SHNEN & S ux_:xxx:__:xtx:xxt:xx:x::x:nnxx:nx:i
| 1976 |3213... fTIITIITITITTITTITITILITLTITILRLTLITTTTITILIIL|
| 1977 | {TIIITITT---ISPLTRITLETIRLTLL|
! 1978 : 3053003023458 08008000000 004
: 1979 |fasapeaesagiex... oo ::,.::_.“::uzx:u::xxzunxxtunun:xnxi
1980 ':::,”_ _________ T TTTTTATITITLTIIIILIXIX LXILRIRIILN
98] ¢, jeEm - PIILTIIITITTALCTTLTTITITIITTITTAILLLT S22
| 1982 .t 1z ::'.':I.._:::::::1‘.’:::x:xxzx:::x:xx:nxu:,:__._:i
| 1983 L. TREL L TTT X ITTIITITIITISIRTTETATILLILALL|
| 1984 ! LiITTTTILIAILL ::::x:::xx:::x:t:ni
1985 | 10333084084 020888080000400802008e84]l
| 1986 i iviieninns TTX 2T IEIIITTLTIITLITILIITLRILLTIL
e - ' & SER Eopoowr . IITIITIIITTIZIITIRIERRAILRY L ¢ ::i
1988 2. T ____:__‘::::xxx::z:z:::n:::xx:,_t:nmi
| LGRS BERRIRIL, v B AT ITTTTTIAITITLILLIITITILALLLLLLLY |
5 | ] ! i
fote: ! repr:zents a dry 2encad
Hote: reprsients 1 wet pentad
- reprszents aigsing data
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B-105. Chardpur Bagzz: Daily Raimfail

| YEAR J L E Ok v JUL.. DG ¢ 3EF | 20T ¢ GOF ¢ ORC C 3K FER . MAR

| 1962 Fo s L e, 11, SITLITTITIFTREIZ2IT28TRISLI23881 33

T O S R S TITYYTTITITILCILLLLILNL, 2XT,

T — S ST T trrr, sIPITIIIITETLRIITITIREIZZ
1965 !x::xx_ < S 1., Tf2T . TTRIIITELLTIATLIZILTIIIITINLLD
[T S rrrTIIRfIRIIIILINILILIIIILY | 1)
1967 ‘u ________ 7 & S IIIIITTITIFTIFIFIITILTFILIINRNLY |
1968 |:__ 43 IIXr,  ITIIXILTILIIIITEITNLNZIIL &)
1969 2t .. .. - - — 4 ¢ SRR TLITITITTTTLSLLLLIILAITLLLIIITIILLLT
1070 [0 v conmiasan T LITILTITLTTITLILLTILTILILLTLLL
OTE v B s s s T €I TIILITILLTTIILILLY  ITITLREXL |
VAT B ¥l MR e —csmmmui a4 T, IIIIIITITITIIERIIRLTEITITIERITRITIIIIRLRNIZN
1973 tx:: _______________________________ T rItr . TXIIIXTTIITITIXLILITILIEIID,

4 1974 | B - U<~ S, 0ot BT :::._.:::!St:l:xx::::::::::r:u:;:::i

0 0 < — 4 4 ¢ S CXIIITXTFITXTTITITIITLITSLIITLINL|
(O IT, I2ITIIIILITLITTITIIIITLLRIIIIIINLIINZ
1977 (RN ———— - R S .1, TIIIXITIIIITIITTYLITCIITNLL-
978 | o -
1979 i-_ 1 EEXRET i s sonnile T i 21!:.::3.l!(!!!!l!ltt!!!llI!:lI!!:I
1980 i:: ____________________________________ TPITTTTITLLLTIIITILIINNNY IXIFEXLI,
1981 i ,,,,, e L SITIIIIIITITIIIIITETLLIISRLRTIIILIIILINZ
LOB L2 e e IITrIfITTTIILLLITTXTITLIILTLILRLLL z

. 1983 !: ___________ < S : 4 S, IITTTRRSITTRTRALLERTTLIILTRLLLLL

| 1984 5o AR —————— ITT | ITTITITEITTTIITRITLTLTLLLILNNL

! 121 3 2 R ——— 13 IXTIILIITITTIXTIITIITILILITIILIILZ

I T80 s o STItTEEIILILLITILTLITLITLILIILLLLILL

! PORTE e e T, IIITITLRLIRLISITIIITIILSILIIIILILLIIIL]
R - S e IISILLIITIRLRTILLITATLITITILITLOND]

1| 1939 !ll:!: ........... E e v L R e AT :_x:zxxxu:t:x::nxux::::unn-Q

L ' ! ! ! ' ! '

Note: * represents & dry pentad

Kote »eprasente a wet penfad

- Pepresente

pissing data




dnalzelz oI Pentades
R-110 Fabieand; Jally zaipi:il “um)
; T T T 7 T .
| AR 2% | WY | JF G0L | AUG | SBE | OCT ! 0V | DRC | JAK . ¥R . MAR |
: — S o il T, SO T Sk .
s A8 0 O (R L —— L IPIIITLTILLXLRLLALTIITIILIIL|
LT R — B . TIT LITITLLLLTLILALLLTLLLLLILLLL |
T T £33 5 f. .. STITITTTTLILLILLTALILLLILIIIILIL |
5 Nﬁﬁ i_!::!! & SRR 4 R !_"__._tX!!!‘ﬂ!!1’!3I!!!i::!l!Xl!XI!III!IZI1:
2 - ' —_— TIITIITRIITILILILILLLILLLIILL 1|
1 1967 C8T S TELITIITLIIIIIIIIILITIILIIIILLLLL|
1968 ... ¢ S :xx:xuxxxx:,tx:xx:nnuxn::xxxz:::xx:::::nxx__:i
569 I £ O & & S . I!:IIIXIXXIIXII1!!!!!31*181*!88!1II!::!:i
LIV S T ¢ 7 & TIITIITTITITLTILLLITLLLLL LITTLLT |
% LIRS 2 S - LIIILIITITILLILTINIITTIFISITIILLLL |
VOTE L SERERRRL oo s e e T ITITETETILITLLLALNLTLALLLL ¢ c1x2x|
Dl | T3TIIF SXEITTILLLLTILITLLLTLITITLILL|
L . . ey O £ & 35§ AT PIIIRIIIOITIIIIININIILIIRIITLLINILY
137§ oxz . 112 -2 £ PIIITIIIIITITIILILLLTATILIITLIITLITLLL
| 'WS |55 S, !_k!lIl!!!!::!!!!l!l!!!l!!t!t!__(I!IXIi
\' e e & - v—--t...H....xxxxntxmmmm:mu::i
1978 8T . S S TTIIIIIIITIIILLIIILITTITIILIILLIITLL|
1379 £ T2t -5 R -4 44435000000 544420020000 88440500824
‘ 11 R IIIIITITITIITITIARFLILLLTILIITIINLT |
i T . e S TIIIIITIIITIITIIIIRILTIILARRRITILITLIL
| L B i frrrrsessTIsTLILLLILALTLLLSLLIIL | |
| 4983 .32z, ........ - e L PIIITITIIIIIITETIIITILTLLIILILNLL
‘ 084 wTIz ..., e ____-.:,m:::x:r:xxnxxxx:z:u,,um::,”f
[ T R ———— ... 8T CIITTIIIITITTALIIIXILIIILLIIILINL
B L < - RPN cee.. . SETIIIIIIIIIIIXRIDITLIIRTIIINLLL
[ 211 & 23 FO— v e B SERIRIRIIITIIORIITLLLNAT 132722
| 4988 i avsaennniasine S A PXITRIIIIITITILIIINIIIILLINLINIILINL
‘ VAR o AT o FITIILTTILALLALALLLLLLLNL C132 1|
| i ! ! ! /8 | ' !
Note: t :epresents 2 dry :entad
Note: . represents 3 wet :entad

- :spresent3 aigsiz: data
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inalyeis of B '

if Peprades
T-111, Itakhola/Baikunthapur): Czily Zainizil sk

n
u
=
4

| TRAR | PR | MY | JOF | JUL  AUG | SEF | OCT | NOV - DEC | 4K ¢ FIE MAE

| 1962 [. _____ 51 [:___:._,___l__:z_i.x:x::xx:::::::::::::::::::::::x:::x|
i 1963 122 i e TS T IEE oo IIIIZIIIIX
1964 | .. 0o, £ S S Irr LTI TIITTIITITIITIITIIIIIIIIX
IS S TS & SHNS & SRR ¢ SUE -+ & S § 663 6634 2159488393888 5 8494
| B LT & S < S veneveYanee, SITIETIZZIITTITTTINYITIIIILY XX|
5 1967 |2z ... 03 5 SR & s TrIrzrrrrrrrrITIIzIIICILILITIILY]| | |
T 11 NI & ¢ ¢ S, ::ttz:xx:r:x:xz::x::xz:x::xx::x:__z]
G S S 1 ¢ S | S Z ——— $6333438938334388332339980 33473324082
1570 (fxdezey.. ... L A L.WIXTXT L IIREIIRIIITITITIIIIILITIIITIIIIILY
XD R S + £ J ¢ + S : & S FITI, | TIIIITIITIEXLTTIIIINELL  IITITIXIII-|
1872 {--- - .
1873 [ 5§ & & S JIXID IXTTIIIFITICITITININRINIIIIEIL, i
L1974 i.',:: ,,,,,,,,,,,,,, . ETL L TITEY  SEY  PTITLITXILTITIIIINY  LITTITILYI
! 1975 |28, 351, RR85TF_ .. .......%.. . stirsisgzsersgersersrsarrezrrerey
i 2 i RN — A e I 2163643 68043484393350008848388888544
| L T 4T P ) () [0 (239 3i26 4900250 addadd
E < T T S L L I XIIIIIIITISIEIIIILINIIIIIIINNINL,
-‘ U ¢ & 3 ¢ 4 ¢ ¢ ¢ SN I, FIIIITIT FXITIIALITITIIIIINIINNINE
i LOBO 2B e L L SIITIIIEIIIIITTITIIIIITIZNITITIZINNY
i LA N . - O R . IIIIIITIISIIIIIIIIIIIIIIIILIIIIILIIINISS
G} [ S— R R T R IITIIIIEIIIIRIISRIIFETITEIIIITIIIIT |
01 I | S — > ¢ 5 L SRS Y £XT | IRIEITIIISRTLIIITLTITIINNTINLING
B QRN & & S L TIPS . L 8 £ o 20705 0{30284463320509083431!
{ 1G8% a2 i S Tobio oo L ITITIIIIIIIIIIIITIIITIIILIIITITICIIILILS
| 1986 |......... i e o IITIIIITITTITALITILIXITIZIITTIINNLL
1987 (223 . .......e. [RRRII: J-2 & £ £.4:¢ 338 02 8253 382253 S UG 0
| 1088 ix: ___________ , S S-SR I TIIIIIIIIITITTLILLITLLLIYLYIILLLLLLLY|
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: W70 ITzTIIZIIT, . .. S I 0 IIITIRXTLTLIIITTTEIIININII

1 O S 1, eeneen 120000 000000000000000000800000000000000 08
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i3I fEEITIzac o e 2ZZIZITX $TITIPITT  irTTEeIIIIzIIEITiIIizi:
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fota: T eppresents z iry :entad
Yote *epregents a #et :entad
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i s A - A (SR £2220208008888948848448828373349353330
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tiseing deta
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1a7) it TIT CITIIIIITILIITTIILILIITLITITIING
o7t 11T PIIIIIIIXITIIEIITIITILILIILIIL
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Note: ¢ represents a diry pentad

Yote:

represents a wet penatad
- repregents aissing data
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tnalysis of Pertagdes
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1966 [..xxr222 R RPN S SR 03080244946 4448383 833000000 So0T0T !
1969 [xxz, zxyzesr . x:x::_,_:x,_,_::x::xxx::xx:::::::xx:t:xxx:xxxx::::,
1970 |, xgyxazex ceenen REDOIT NIIRLLRTIIIILIRRYIILLLTLIIIIINE
1971 [stz, . .. ,xxx_,,_,,,_,,_,_,__,,_,__:,,,:::z,,::xx:::xrzxtxxxxzz,:xxxx::::,
187¢ ..,:,::tz:_,xx‘,,,,,,_,_,__,,_,xx:x:::xxxztxx:xx::xxt:xxxx:z::txz_.,::::t
! 1972 22D £ AN | (WS o t:xt___,xx::n::!xxz!tx::xux::::_,
EEI S ST ———— B T tITERRTEIETIIITEITIIILYIIT TSI,
R ———- —————ae
187€ |-zzezezt: -+ S ETIIIIIITLXXCLILIITAIINLLILLLLLLLG 12210y
[ T s cermarmmmarerd £ S ::‘_,:xzt:::x::x:xxx:xntxnxxxx:zxxtt::xx::r:_
:i 1STE. Brou L x_..,xx__:tt:t:xtxx::xxn:xuttnxtx:nnx:xx
‘ 107¢ i SO — LI TIIIIIIY PIIIIIIETLIRITIIITIIIIIIL
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Note: * represents & dry pentad

represente & wet pentad
- represente miseing data




dnalysis o1 Pentades
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Yote: t represents a dry pentad
§ota: . represents a vet peatad
- represents aissing data




tpalysis of Dentades
5-30€, Comilla; Daily Rainfall (me
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1885 Xusunmnninius T XL oaeviang SR FIIIIIIIIIIIEIIITITIRIITILNINLIL]
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v 1985 Piinisss o nmrnms e . RIIEIIIIIIIIIIIIIIIOIIITEIIIIINIRE
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1987 [ttr.....!:r ,,,,,,,,,,,,,,,,,,,, ,___,xzx,xtzxttxzxstxxxxxxtxxzzxx:tx:,.:xq
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Note: * represente & dry pentad
Note: represents & wet pentad

- represente missing date




inalyeis of “entades
3-357, Daudrandi; Daily Rainfall (em)
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e S < e (P T TEIIIITTLILLITIITTILNT  CTTILAILIXLL|
(1979 jrEREIT ... 5 o T o ::::z:zz_,,:xx::xx:n:::x_:zzxxxzt:i
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Note: © represents a dry pentad
Yote: represents a wet pentad

repregents aissing data
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1879 txx:::xxxx,_::__,,z::____,,_,__xtxlt:rzxttxxx:xxx:zx::txx::!xxxtxt,__t:zx
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Note: repregspic ¢ wed peatagd




inalysis
1-3589, G
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unabati; Daily Rainfall (=m)
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| 27, 1L SN R ——— & R PITTITITITIILLITITLLLLILLLLLILT 1352
| 1983 | e
} 1984 JI-::xz: ___________________ e e TATITTLLITITITLITIASLALSLLLLLAL 1
: R TR £ 5 & - 11X PIITERIITLRAILILIIIILLITLNLINTINLL
! 1986 {.oveninns 0w 0 4 R SR—— L IIEIZIRIIIIIIALIITILILITITLLILELNLLLL
| T8BT Vs : & 3 N e TRITTTITIILAILIDITTTIIINNLIL RINX
L (T T Ty e 1. IRTTITIITTILLITILITITIITLINLLLLL
. "i 1989 [ PEERIRXT. 3T e I3, ..., .. EIT ITTITLLLLTATILLLTILLTLLLLLTILLLLIL -
| [l | 1 I t ! ] | \
: Yote: t represents a dry pentad
| Yote: represents a wet pentad:

- represents missing data




¢ of Peptades
T

. fajigang; Daily Rainfal! imE)

| TEAE ' ADR | MAY | JUR | JUL | AUG | 3EP ‘ 0CT | KOV | DEC ' JAN | 7EB | R

H ! ! ] : 1

1rx 1 t ' rrerzrsmrrrrrsrrctrstrircrzirsooes

T T T T T ..
1963 1320 teeeeeeneeeene IIo L. FIITIIITTITITIITELLILIINY. IRI1-
| 1364 | e
| 1965 {-T3ITT_TTT ... TIIIEITEITIIIIEILIITITLEITIITLLILILLLL
O10BE lersowrmmrr TITITITT I PITTTLITIILITTILLLLLLYL
i 1967 |txreetessr tx . rx oo IETTLTIILLLILITITLILLLLILLLSLLS
| 1968 |...%2838 vv.. SITTIITTITITITIITITILTLITLLLLLLLL &1
1969 123 L 0088, . iiiiiiaieeea BL. o, RERBEARIERTTIITXLALLLLILTLLCILIL
S AT © 4 < < 4 & < T RIR toticocesseossissstissssisise
1971 |-=-=-- 335 6 S eereereeene. FIEE IITITITLTTITTIRLITITIITLLIL,
1672 |, .22t xtx %...... FOTE, L TI0T % $ILRIITLITILLLITTITERRLLILL . REL3
U E s 10 SO | SRS Cieewe.  ITE | ITXTTITITTIXLLAILLILLILLLL
| 1072 | eeee L TTE TTTTIIIEETITILILTEIIUILIINY 3
1670 |zxsy tes, e A ¢ T, FIt, SIITLXXLIITITESXTIITLITLLLILL
L1876 13, 288 o M— L ITEEIIIEEYIIITIITIIIRLIETIIIILLLTLILIILL
| L . T e eI ¢ . | & [ L 411 0§58 92 12000420 000aidelotse]
i (LU T I T, 1T PIITITLEIITITLIITITILITLLICLLLLLLLL
1976 i:x::xx!:xtxtt:,_____,,,::xx _______ T, ATIIXILRIT IIITITTIINTITIITTRILXLLLLR

1080 jexzzr | X3 ... ceen BT TITIIIITITRIIIIIILTIIILOTIILIINLINLLLL
D RIS IR 2553 SO SORPRMPINE DRIIIR & £ ¢ 2 80282321233823083¢223 5838224 2%3 331
1967 [zz_....333323 ..., fT, | TITEITEXTLLIITITILIITILERLLINL | Prers

1983 1¢%...... O ¢ 6+ 5 SO ¢ S - SRR ¢ 444434083383 6364349538¢43398¢4 4
1964 rrzzx |, Ceeniieesesiiresesass B30 TEXERELTILTILILILLLTILLLLLLLLLLL. T
TRAR e S oo XS I3, TLIERYTIIITITEILIITIIILETITIEIEEILIIELL
1886 (¥, ..t zserrseaser Ir L, IIREIRIIRRERLIIIRIIETLIIIILLLTINIL
1967 |22x, | pry3r sz Rt PRSEERPTITLILILLITILIILILLILL  ILIL
1088 't xxg servsvinmnacd tf  XIIIIITLTIITITTILIITATLTILLLLTTLLY
1980 |erxrgeezsx o sxxr PEELXILLLLLLTLLELLLLITILLALLL S
1 ! ! ! ] ! 1 )| ! | ]

Note: t represents a dry pentad
Note: . represents a wet peniad
- represents nissing data




e

‘nalyeis of Pentades
3-361, Hatiz; Dzily Rainfall (=)

| TEAR | PR | 1 JOF | JUL | 40G | ST | 0T | NOV ; J8C | iAH | 7B | MAR |
| 1962 !.---*—I-mt.l...... ...... I.....ﬂ ....... m:l:::::t'::::xxlznxxxlxx:x:::::x:ni
1963 |, e SUUUIE ¢ SO Lt EITIIIITTITREIRITIIISILITITLITLITLL
| 1964 | = e e |
e LR £ & = & G T SR CIILEIILLXIITLIITIITLILLLALLLLL
LT E o v & & S . <R PTTITTTILELLTLILITLLLLTLLILIIOL txl
Uil e < EEIes o o SEEE—— e IITPTTITLTTILILITILALTILLIILLL . |
1968 (2.2m8838. ... ... .0.is ———— TTEiitT LT IIIITILILILITITLILL|
1969 |szzxzees . i, L TTITITIRAESTISTIIITIITITITLIILIIT
| 1970 |f3zz2qeezs . ... ...... ey et 1T, fI-——IRIILIRTITITIITILLLITILLLL
RT3 DOTE SO et eieeeeen SREL HTIoe PEISRTTLXIIILIIERILISILILIL
1972 {48 ... 000 2 e e LLJED L ITIITIITLSALTIITOLALLALIAIL  LIIXX
RV CREC TS ¢ T S $11r LTIITITTLITTILILILLLIAIL
19?4 B & = 4 4 0 & R AT E —— e 1838488466084 ¢08388888085388488541
1975 |zEETTTIZ L amI. . YEIIeIPIILIILIREIIILILITIALL]
| 1976 |tzzzeE ... e tIIIIfEIITIIIETITITISIIIIILS | fxgrsel
K & R S PITIIYTIXLTLLATLRAIILLLRNTILILIALISIL3
]_STE, - b T - - I e e I_..I!X121IIXX!XIZII“:IX:::I:::I:“:!;
R IR ¢ = ¢ 32 25 ¢ ¢ & & D LL. I IIIIITEITIIIIINIITITIITEENIL---I3ILI|
1 1980 [sxzzerr . ..... e G L X, GLITITIITILRLIAIT ERITITIDIIIIIL |
G IR < & e o A I TIIIITIITIINRITLLITITILLTIIILAIRNNRIL]
| 1982 |33z, szz;ex . ... B — 123322221 ILLLLILTIITIRLALIRIL 323, 1
| 1983 [x...%..... £, B (1EITIITITTIILITILILLLLILILLTTLLLL]
1984 |3z T EITX, | CIIIINIIITIIRRINRIIININTLIILINL
| 1985 |t 2 .. ....... e ieaaas e 1256888388883 588082330088¢3820080820¢4)
| 1986 |82 ....... oS SO R ::;:::::xuxxxxxx:xxxxx:x:zx::xzxz:i
19BT [£33% Lo B nnn s ‘

23 2I:::1::!1!!!3:::113:31!11|

! Ll - 2 2 o P $213% LITXEITTLITIXILLIITILIIL-
L -
L : 1 | 1 ! | ' | |
Yote: t reprezents a dry pentad
Yote: =aprezents a wet pentad

- raprazents aissing data




i IEAR | APR i MAY | JON [ J0L l AUC ! SEP ? 90T | KOV i [EC | JAN ; FEE | | 4R
L | i 1 ' | | }
| 1962 f-exx o2 B S IITIIIIITIEIIIIIIIIIIIEIIITILIILILL
1862 i: ,,,,, L R+ S 5535+ SN e IIITIITIIZIIITIIINIIIIINIIIINI-
e n—— - - -
1085 |-zzzxzs_txt TIT | IITYIITIIIITITIIIEIEILILLLLLLL
1986 1288, .. 00ouinn., . R IITEIIILITTLIITIILLILLLLLTLLLL 1L
1957 |z23s . . % . W S, TITIIIIIIIRLITTIALIISILILTLLLILLILLE
1968 |, .peege oo e L HETE Y ITTIITISITIIIITIITTITILILLTTINILL. X
1968 [¥3%.. o838t .. e e IT, IXITITIIIITITITITIITITIIILLTLLTLLALLNL
1870 |streseses . I IPTIIT T X, REILIIIIRRIEITLIITILLL-
1971 | =mmmmmmm e e -= ITZIIIFTLLLLLLLILLL
o IO N S S S coLITITITILNLITLIDIFILILIILLAILLCLLLLLT | Fides
11973 teex s TTITIXT | IXITIIIT DLXXTITIILTLILTLLTLLILLEL
JEAEI I S & S+ SUNDNEIE + S35 2+ SUNNE S SR 0322293 3¢ 24 ¢ 22 ¢3¢ 13330 T
BT & ¢ o S L2280 T DR SRR SRS & S 8 S 0 S SRS $4 58386808 64040808320920 1
LTI & S—————— ceo FET L TIILIITIEY ITTIIZELLLTRILTTTLITTLTTLTITIINLE
] T e T s PESIE S SN £3308988388838¢0648080¢0¢000 01
BT B £ S emnnd b+ SRS ¢ ¢ SEN T3, RIIITITITTLITLIILTLLILLITITNNLLLNY &
1079 [rrrergzereyss ce.. REIT I OTT. IXTIIIINNY . FIITITIEIITERITINEIILIIIR
1980 2%, I £ 453 SN 4723 SN IRITIIIITIITITINITITLLLLITLTLLIILLT,
%7 N1 POV - £ S - i I L FITERETTRTTXALLLLLIIITTLLLTILTLLLL 222
JELVIRE ¢ & ¢ SU_— b3 o SN SR . I SIITTIILITZILATITLTSLLLLLLLLL 1,
LRI R o - vereikBisodt- | Tf X IIIIRYEIELrIILIIILLILYLATLLLLLLLY
1984 TRt = TN ceeres  JSTRITITIITIIIITILIIIALITLLLALTLLLLLL |
| 1083 lkere e R b ATIETIIIIYIIIYIIIEEIIEILLLEIIIIILY
1986 |........ JUUEE ¢4 3 ¢ SN L S ITT, IERIYIIILETILLLLTLILTLLLLLLYL
1967 |%xxx, xxx ot IXTTTIFIIRITIILLIZTITITLLLNNND 1%
1088 |z . NN .. S, e 38382332343393398888359350830 M
R e -=
! | ! | | ] ! 4

Note: t* represents a dry pentad.
Note: . represents a wet pentad
- represente wissing data




dnalysis of entades
3-363, lLaksanm; Daily lainfall (=m)
| 1 | = ' { e ! ' I
TEAR APR | MAY | JON ‘ JUL } 406 ‘ SEP | 0CT _ SOV | DEC | JAN | FEB | MAR
! ! I I i l [
1962 [-.....%828, ..., S A R O o PO S R —
1983 |mmmmmmmm e e 833 638038083389003082¢0006000000s oM
1964 |--- mm e e e e e
1965 [-trrzx . $332%,..... 3 & (GRS E48803030388838353880085830853005884
1068 |stxszzessds .. ..... -+ S PIITTTILILITILLIILALLTALLLLLTILLLLLL 42
ICLYENER S SR ¢ ¢ I - SH N TITTLTITLLTTLITLLLLSTLLLILINLLL
1068 |t tzzzx, . ..., [ +5 S 0 3139888026364 933 803685883 3
[ R o SRS 45 38 PR $TIITLTLILILIITLLLIITLILLLILL  SL433
1970 | IR e e s ST SR $ 8538828858 0806888685880888404
Ly IR S— s 5 . SLE e $rg, . 0T, ATIRRIIILLTILLILLLTLILLILLTLL
1972 |t texges 1z . el  ETEIEILT ARTTLITITLIXLITLAITLIILLLLL L33L222
I3 SR R S O S B R e r A TIIX | ITTTILRXEILLLLLTLILLILLILY |
1874 B - & S - - S JRo65530085380808508820083080088428354
1978 Ittt e . JIT TERTATILITITITITLIITLISTLLIZ
JEVETRE ¢ £ & 5 & S £f,,  IITITIILRIITITITIIILITIIIINLNINZZ
i P33 STETT. ISIITIIXTIITTIFLITLILILLILINLT
R o e e PITITIITEIILIXREXLLLAILLIRILALRE
| 1879 |mesmsgnemex L e !!__tzt::t:::__tt:;!xt!:!x::tx:—--tt:::%
bt VHBU IR e o e S, TIIITIIIZIIISRRIRRIRIIIRIINENRIIRE |
i 1981 |..... 5 & S IITIITIIIIIIEILLLLLTILLITILLILILILLILL|
' 1982 jxx, ... . 002 T IIITITTTITINLITIILLLITLLILLLINLL £ 4
1983 [t oneninnnnn N 7 IR A 19699090693¢55833038383308883841
1984 |xazrr ., D TITITTIITTITLLTLLLTXLILALLLIALLLIILLLLE 2
i 1985 |szs1x 1. ... S TEIELLTL L e XTI ITILLILIININILL
1: |1 [ L G L & T v T 1258308530020 8880880360888800089484
(087 1308888, N . TIXXITIIITLIALLLIILLILLLLLLLLL | 123
[908) (408 oo R e T e PIIITITINIIINIIIIITIINLLIANIINNIIIII2L
1969 |reezseses ... I . IXITTTLTILISTAISIRLIIILLLLLAT £,
L L ! ! ; | ! ! ! |
Note: t represents a dry pentad

Note:

reoregents

; 1 wet pentad
- repregents

2iaaing data




YEAE ' APE | ¥AY | JOK i JUL | AUG . 5BF ; 0OCT | NG7 . DEC | AN ; FEE i HAL

| 1087 j-2% g ' o tr: | artrzrrrzzzrsrersrrrsrssrrrrsscoo:
} 196% E; - L e o IIIITITIITIIITTITLTITITLLNLI.
1864 e =
] 1985 i-xx_x__,_:xx, _______________________ IIIIIIIITIITIRLETLLILITLTLLITILLLLLIIL
LIRS 3 << SRR ¢ ¢ S PSS TITIIIITIIILLITTILILLLLLLLLLL 112t
| 1967 ltreresesesree o RIITTEITIITETTILILITLLITLILLLLTL
i 1968 E_,xz::x:_, ____________________ B, RIITITLRITITIILALLLLLLLLILLILLLLL ¥
i 1560 |22, ... T e LA IIIIIIITITIII I IIIIIT IR ITLILIILILIIIL
{1870 js . .32038 e, T ... FINIINITIITELELTTLLLLLELILILLIILIIL
{ IEXAUEE JUE SUUNE - < S c.. FIIT | ITITRRTTTITITITXY . IEITLLLLLIZ
RSP TIE £22 N - S L L RIITTTLIITILTTLRLLTTLLLNLLL | TIILL
11973 fmrrxex o 1D IIIIIIITLTITLILIILLLTINIL
DI G - 5 S P TR s IIXIIIIIIIIITILITLITTTIICIXILLLLILILL
| 1975 |stegzsess s — . I, LTI IIITLYITIRIRITTTITITITILIIIIL
| 19TC (SRt T.TIPD IIITIITIRITETLILILTLIANLL . 1reere
B ASTE it conommmmmae e t . JIIZT IIITRRrSrrrYIrTTTITIILILLILILIT
; 1876 [stexzx oo T, RIITIRIIIIINLRTLILITLLLLLLLIRLLIINL
; 187¢ . VT LTIIIIEX TIT, IIITITEIIIRITIEITIATEIITINNL - fiIr
| 1980 |sxzzxme, . ... T Bosraaa FIRTZTXTICITITITIZIIONLY FRrRrLr

! 1961 S B R s e BT I RRIITIIIIIITIITIRILTITAATILLLITIN
s < .1 . G o IIIRILTTITLITLIITLLLLLILLLILLLILE  TIIIT
| 1983 T T— 7 ¢ S B s IR $ 4308600082838 382¢433588883340¢
| 1984 [seirxer 2 o T 33, IIIEIITIIITREIELIETLILLLILLILLLIIL
[ 19BF |trpfrererer PO 06633554333 33939999 82925063549338 94
LR L is T i ,,_x:x,.,:zx:xxx:t!zxt:xxz:x:xxxz:::|
L T . | . NR——————————— 3. IRRIIIIIIRRIIIIRIIRLRILL AL LTIRNL
I 1000 [IERERMY, . ovnnpiannamaaiies AP T 0 84333233 3933830399580839840384
| 1989 |eraxsax N b5 ¢ o S BRrmirszisseitriaans: |
- ' | | i ! ! ! L L ! ! |
Note: * represents a dry pentad

Note: represents a wet penfad

represente miseing data




dnalysis

of Pertades

8-365, Yunshiganj; Daily Rainfall {mm)
i | | | | H 1
TEAR | APR & MAT | JUN r JuL | AUGi SEP | QC HO?I DEC | JAN | FEB | MAR
] ] ]
1962 | i }_____l_____l. } _____ i I )
1963 [-t........ e e tLr L.t ATREIIITIIITILILILIILLL,  TIL0L-
L B
| 1965 |-sseea—tsx = <IS— aem L TTIRT PERINIEIILTTITTIIIILILTALLLLIL
1966 |ttser——z23, . ... .. ..., S e — I IIIITIILITITITTILITLNLLILLLLL 112
1967 12— ....... : £ S0 ¢ S Yowomserangieain PITEIAIRIIAITITLLLLTALLILIILLLLL |
1968 |t sxgex - . A LX IIIX, PITIALTLIXTASTTTITISINSLLILLLALLLL ¢
1969 [22..... (L ——— BT REIIIIEIIILITITLLLILLLLLLIILLLLLLL
R R L L2 L b T ¢ o B W LI T I3 STIYPTTTLRLLLILIITILLLLLLLL
1871 |.....=-- 1, e $3TERt-— (ST TIITTTALILLILIL oo 2202
1972 e e S RS TETIIIIYIIIIIIITITTIIIRILILLLL - s22s|
R e 3 S e LTITELILILLILLITLLTILLL
IR e l e 800848400840 8230 098000t e ARSI Soo TN
R & T IR 2383835805 0080¢s000000030433:
| 1975 ft!!---i -------------------- 1338343343838488338333333330133307 I 11y
[ 1877 | —mmmmeee Ty e ———— EP 3320 b e I (333509339808 33443883334880¢¢80224¢84!
| 1973 |szzzsan oo L EEX o3 fIIBE 3o $R22TRXTTTITIRILIATLLLITILLLL)
BT FRIERT S 32 0300008 SRasEst e IIIIIIITTILITTTTLLILLILILILILLLLIIL ]
| 1980 |-—- e ==
VSR, - SRR i R pEtttetteitiiteeetbriedribbtrdsbtedd
R AR & SN 5 3+ SUNIN JUSI SRS S $6 3§56 SUNE 030300 00 0388880553055 TN
1983 [%.. . -——--  t¥eee o RS B & & o SRR $1I3I2L3ITTTLLSLSLIIL3L315]
1984 Bt e m=== B, --- IIIIIIIITITIIIIIITTLILTILLLLIILLILLILLILL]
1985 istxzx ... L CXTIIIIIIIIIIITTILTIALITILITITIILLLLLIL|
1986 |..¢.3.81 3 g3zt === %%, .13%..__.. m:x:xz:::xxxxxx:txxxtxzxnxx:zzti
1987 [#2, ——- 121ee e 030835008858 23820308 2225050501 ¢4 M. x|
1988 |sx, t2z . ... R T, -mm -m- 3TT TIEITITITITTTILLLLILLLLLISLLILIL]
1989 |ssrextse ., 12 LT PTAXLLT o pEETIIIITTTTIITIIILILIIILLIILL |
! ! ! I | | 1 ! | ! | | !
Note: * represents a dry pentad
Note: reprecents a vet pentad.

reprecents misging data




inaljeie of Pentades

£-365, Muradnagar: Da:ly Ralnfeil (mE|

i TR4R | APR | MAY | JUN | JOL i AUC I SEP } 0CT ! KOV | DEC { JAF | FEP | MAE i

| | | i It | | : | I |

L == o]
1863 |- = . -1
L L B R — e !
LI EE— . ’
1966 | ==mmmmm e e
Y -- mm e
1968 |-segstzr  rzr ot oz —o- L JIIITRXTITILITILACILLILLLLLILLLLLIIN I
1969 [zrzey | zxx . ... .. I R 22200480 000843882302309804885358401
1670 (%3, gxe2x oo S—— vew... B XTITIIIRITRIITILTLLLITIIONL]
1971 [ diees FUE < § SEN— T S — R I 6233344782 09830322222932288 21
R R oo ete o o307 - I < MENENEEI— I, TIETIIITRTLLLLTL-—_XEII---23 1  trsg
B E £ > 3 S Recona s I3, TIIITIXT | RTITIITLTITLIFLIITFIIIINNNG
1y e+ S S REIIIINIIITIIIEIEERITELITILIIILIIL |
1675 [®22 2z t.%, . rzesyro o 11D % IXIXIRIIYITITIILLTELIIILILLTILINLLL
1976 |3z, .. .. B T r— e IITIITITISIITITTILIITIRLLLLILNINLE
e . LR I $242843203838338648343683¢96334331
1y T s X, RIIRIIIIIINIILLLLIDCLEITLATIINELLLLL ¢ ¢
1879 |xexseeerzesa: z_,_x:x::x::,,_x:x:tt::z::::x,tx:::xx::i
1980 {®2t. .. ... ....... B ieeieiieeaaa. B SISTESTITITTLRATLALILL FETILILTL
198 |....t232, . : S T RIIIIITITIITIIRITISELLLLLIILLLIIONL 202
1982 [*....... TIIIr L coe BEL L FEXITIIXICCTXTRTITZTILONNNLE
1008 |od®E.yeonmnt®inina T iiieseee  IEE L IIITITIIITTIIIRILIILLLLILLLLIIL
LLT I 5 5 o O ————— cee . STIXIIITTITITILITIITLTIILLLIILLLANLL 1|
LT LA 2 - O — REPIPR 23S B SR 430032389484 458400020300223033290 081
1986 |oo¥8,iiis L L R & S £ 6 S 0B+ 2 8208003 834484444 333800883
1987 |xxx, txr 1 . e I < e TIRINRIILITLLTLOAITXMCIRX9 | 17|
1988 [te,, 3= s R~ =— & ,::::::::::::z:::::z::tzz::zzz::zi
1089 [#rgegzer e T x:::::::::::xxzxx:xxxzx:xz:xx:xx-f

| ! | i | ! | 1 | | 1
Note: * represents & dry pentad
Hote: represents : wet pentad

represents riseing data




Analysiz of Pentades
R-367, Yabinagar;

1848

APR

1862
1863
1864
1365

| 33233 H 15 S5

b o
=
o=

10 ‘ JOL | 06
| i

“EiFowova Bnuneseans swms Bcnmmrin

SEP i 0T | Nov | DEC
i !

IM | FEB | MAR |
|

j .
L NITTIIIIIITTILNIIO

L2250 2 & S,

.......... T

T, 452 H 533, ..8

$IITIITTILILITILAILLALITIILTINLIL, 232 |
ITITTIATILITILILILILILTIITLILACLLL &X
1TD . PRITTETTLLITIILILLLLLILLLLITLLLNL

LRIT | RIIITTITLLALATILLLLTLLLLLLALILLLL

o TSR IR
,,,,,, FXIIISEERISIRIIIIIIIIITIIIIILLL
... IITTLITITTLILLIILLLLILIILGLLY £ 12
1 ITII1ITXTTIIIIIIILIITLIILILLILIILLL

...t ITIIIITIITITITITIILILIILLONLNLLG |
|

] 1 I | | i |

repregents a dry pentad
repregents 3 vet pentad
repregents nisging data




inzlysis o7 Pentades

5-35%, Noerhali; Daily Rainfall (Em)

| TEAR | PR | MET | JOK | JUL | UG | SEP | OCT | WOV | DEC | JaK | FEE | ME

, : , | , , , . , | !

| 1H6R | B i ns L. lstrsmnsrsrsrrnnnoorrirzorizoooio
- 3 S S - TETLITATLLATLILITLILLLLALLIL  22LL-

1964 | ~-mmmmmmmmmmemn e |

1965 1-2383. . 3%, e, eu.. .  ITEIT . BERIITLITITIIIIITIITILITIILL
| 1966 |rzrzzzzezs . ... .. X e iueu.... TITITSTITIIDITITLILIITITIIOIN, 2T

1987 |Trer . %2 . ... e £23083988835838003233883832282 ¢ SN

1968 |¢.r3eese, .. i L. 3%, IETIEETITITTTTIILEITILLLLLY X

6 TR [ 3 3 S & & ey T ,_,_ttt:xxxtxtx:zxnx:x:xt:txtxxztzxt:x:x!

R L - ———— SR 33 ¢337113723332332333298353323

0 ol D L S 3T, 332 SXRLIRILIITIFIRIFELEITEISIIIL]

1977 |rx.__zz3t_ | it A T1131 TITITETILINDITTLTLTIILEITLL | FXIL,
| 1972 lzezee e ' S trsestesestaseeeseseaees |

1874 i'::“ B~ b $00988452099000084000 000400

T E—— = C—

1976 [-325RE. s T —— TILTIIIXITITALLLILRLIITILLEIIINE
B IBERETT, PRRRIRREERERRLTLLRIRTLILL 2L
18T 2B 1.3, IREREREITIISISLSRRSLRLRSIRLRILNRS |

1670 |trsseey rEzzz_ ..o c .o 3T TRRLEIIRT . TITRILLITILLIT $o--ITIIZ
L LOB0 L RTITE e . IXELIIRTXILTITLIITIIILIFSSzzzs ]

TOBL 1 TR e, s $830032330233388300400005¢93303998344
[ 1982 BT 3 3 TUTT . T e it
8T fean AV T sran S s 3, tfrysrRsTirsrsreses TSR RLL!
i 1984 |zrzzx_ .., TR e e e £, IEREXIRISIIZIEEIIIIIIIEIIITIIEIIIL!
IS S S el JEIXT ) RIERETRIIDITNINSTIIINCICCNCIIIIIC
i 108 :g_,xx ,,,,,,,,, ST, R
i lgBT E!I: _____ e o e FXTIXITXETYATISITLLISSINERII: 2 IK!:!
L | O OROONUIIINE - . - <~ < o+ <4< od oot
| 1980 |sasexexes. gt .. ..., tzzsytzizezzziezer XL, -
'l i ! ! | ! | | | | ! |
Rote: * represents & dry pentad
Kote: represents & wet pentad

repregente pisging date




inalysis of Pentadas
3-370, ?arshuras; Daily Rainfall (zm)

TRAR | 4R | MAY | JOH | JUL| 408 | SEP ! 0T | NV | DSC | JaN | 7B | MAR
! ! ! | ) !

1962 ‘-xxx__,xx:_.[ ..... t,____i ........... i:t:x:i:xx::xxxx::ix:x::;x:xzxx:_,tx:
1963 ‘ ....................................... P . fRRRERYIITIISITTIIITIITILIILNL-
P8B4 | -=mrmmmmones R s
1965 i-xz:zz__,xxx ,,,,,,,,,, R L ITIIIIIIIITIIAIIINIALLILLIIITINLLALZL
1966 |FERBERRXT o oo v TELXITILLTLITLILLLITTIILLLLLLIIIILIL L1
1987 ixz:t_._.xuzxx ________________________ IZITITITITIFIIITITFAIIILIZNNINNG |
1963 !x,:x:::z _____ I~ JEL L T IIITITITIIITIIILTIILNTLTLLLNITILYL ¢
1969 |%x,,  txzx oo AT TIIIIIIIIRITIIITITITLTLTLILIIIILLLLL
1970 !.:‘::xxxx__‘ ____________________ P & SR SO 030225003885 88883800860 045
1971 E 3§ o . PR CIPIXIIITITLTAITLLLLTLLNLILLLILLNLL
1070 lrzze srtrr ervr FIEXT CITTTILIITIILLTITILLTLLLILE KX ILL
o SRR P e ses 1ITX, . FITITTIIITLATTTILILLLLILNY
1974 ;_:::: _____ ————— . L IIT . SIYIIITITITIIITIIIITIILTTILLLG
1975 lrzxx  fxxr x 1xx £.0XX ITITIITTIITITITITITITITILL--
1978 l=g3232. 2% . T IIEIT . ERIIIITITIITITITILIILITYILLILSSISLLSS
1 A SRR JEZT I3X TIIIIIIIIITINIIIELTITIIIIINIX
vk SRS S ot AIIIIIXITIIYILITIIITLAINITLLLINLNL]
(et T o L0 ST 144 o 5 (PR, ::::‘__m:x,__un:xxx_,,n:::x:x::xxnn::z:x:::i
50 ) & - - TR Rt ST vevnes o PR TITTIXTXIITIZNIIIIIIIIINLIZNNIINNIL,
1981 |, . texe ¢ S oot F4£48086383004048003838833338383585345¢]
1982 | X, K2, KBX. e, T, a8
1983 = '3 S IITIYITITITITITITLALILIILLLLNLLL
1984 lezzz ... .. e e $IITTTILLLLILLLLILLLILLLLITLALLL £
1985 E:x _________________________________ 1685008003302030083302088830803808¢8541
o] R — L R SITIIITITIITIITITLITILTIITTILLLNE
b G ¢ S b o S Yoo L b v $ 1ITTLLITILITLTITILLLLLLILY | $1aL
et T ¢ SN - S 1IL IIITLITILIILTITILATLLITICLLIILLL
{080 |#exegdere ir r4ag TITLTITTIILIIILIILLLLILLL & T, -

H | i | | i | ) i I |

Yote: $ represents a dry pentad
fote: . represents a wet pentad
- represents aissing data

o

.,




nelysiz of Fentades
iy S = Aok i D %
~oics deipur NoekRelil: Deily Rairrall (gpei

TEAR | APE : MAY | QUK JOL | 00 ] SEF | OCT | WOV | DRC : JAK  FEE MAR |
198 j.. L TR S ST w CIIIITIIIfIIITITITITITIEIIIIIIIIITL
1063 [trezz Woe e e o £ § SO TIIIIIIIITITLLLITLNTLS
[RTTYE S e —
‘9RE !-::::__.‘:::::: _________ e, Y IEIYIIIITIIIIIITIIIIIIINIITIIITILINLY
| 1066 |rrzzz | 3rr PRRSSSRRRMPORI, - - - - 15 11t %o cvsoosoesiiort DS Y
' 1387 }:x::‘_'_x:::xx.._._'___ ..... S — o SIIIXXATINLITICITITICICIITIIIINEE
E ‘96R i!.::::::__--- ________ S T Tme= BT, IIRIRITITIISLITTINIITLLLLIONNNT Y
' 98¢ E:::___::::: ________________________ LS040 0 0282222393553033892639304033832:
1970 't rrresee SEETRG T IIIIIIIIITIIIIIITEIIIfIfIIIIIIOLIL
C1e 't L & T T, YR, LTIITITITLLITIXTY rrrrprrriy
f 14748 ! ,,,,, 4% 5 0 2 ¢ < S P JIT, L RITIXXILLLITITTILLNLLLLILILIT  rxey
1378 (B85 i e SRR - S TIIRIIT, | IRITIIITSIXILIITIIIIIINE
S IIIITIIITITIIIIIITYLTIIIIIIIIIILE
1975 i:xx:x::xz_z ______________________________ .. SRIIIXRIIIINIITIIIIIFIIIILL
FISTE 328232 e ce  FEED IRITIITIIIITITIIIIIITINIITILITIOLY
BT 1 e enmissrsmunss s s s 11 IIIIIXIEIIIITIIRIIIILTILLIILLIIILY
2l § < - o o 5 ISR LU S IR 322200803 82283323 3900038238872 3000¢:
1aT7c TR -y SIS b 24 S FLOTIITXITTALITDLILLLILLIILL IIT 131t
1980 12282, . e, D ATIRIIXIIARIIIEITITILITTALLLIILILLL
9 L srzmwmr JET R IIXIIIIEIYEItYrTtIIIRIIILLIIiILILL
i 1882 itx,. ,,,,,,,,,, Ry ceens s FEXIRIFIILIIIITIIIIIIITITITLNLL IXILLL
1983 |wxzxx, | xxx o R 22 20 2002823344934338 408492980401
1084 .:xr:: _____ & SRR T T, FIIITIIIIITITIILTIRETNRILINLLLLILY
Ll I e I IIIIITIIIIITITIIIIZNIIIIIITIIIT
1988 1t ... e S ce . TIIIITYIIIIISITIRLITILIIILIIILE
1567 f _______ D ool REI ZIIITITIITITITTLLLLIIININLYL TYLY
1968 |xer xrer I L AIIIIIIIIIIIIIIIIIIIIICIIIITIXFIFIIIIII-
S
! I ] | | 1 1 | 1 1 |'

Note: 7 represente & dry pentad
Note: . represente & wet pentad
- represents pissing data




dnaljsis Jf Pentades

R-37%, Ramgati; Daily Rainfall (=m)
| T34 | PR | MaY | JON i JUL | 06 | SEP ; 0CT | §OV | DC | JAK | 7EB | ¥AR |
i T i I T ; i

1y | TS R SR CONSE SIS SRR, S ey S ITIITIITITILLELL
1963 e i
1964 e i
1965 |- e —ommmmeeee!
1:-‘55 4444444844 TN AT AR e Te e : - !t't:!!1!1!!l!!!l!!!!l!!!!!!!ll!!x?
1067 [STESERIRELIEE s ivnnn sanisaes s x:xttxxttx:z:z:xx:zxz::x:,_txxx:_.:é
{668 TR AREREE cveeenaens o FEITGIITTTLTTITILITTILIEINIIIL 1)
1960 | 888, BRREBRE L esseaye £33TTTIITTXTIITIITIITALLRAITLLLLL S22

| 1670 |esxgsssess e ,_,_:x_,_:---:x:x:xz:z::ztxt:xxxxx:xxzxj
107) (. ..1ex, .., I T3P PTITIT LITITILTILILTLSILILILLILILTLL|
1972 : !331!1!_ .............. .!Il!:lx'-t!l:l!!!::!!l:lit:!!!:!!!!!.__t!!lE
13?3 LY s e e S 1!__.!I!X:IXII‘I:IX!II:XZIX*!!_,:
..E,I'-‘ __tt:_“z:x ________________ AR t!!‘II::II13!!Xl!:!!!!l!!!!!!!!!!l!ll

W e T TG o U (33X$ITITELFIFILIFITIIIIIIT|

e e—— L O i L UTTITITTTILILILILIITILLLLLLL  1XL4LX)

Tl e R CITTTITIIILITILIIILIILIILILLLLLILLILL |

: ISR e e s e L RETTINIIIIIIIIRITIIIRIZIITIRIZRIRIZT:
7y | pm— tozrI L. N {1 TIIIITITLILIILILITILILIL ¢ LXT  KEE3

i 1520 ix:x:x,,,, T, veee. . SIFIIIIITITIIITIXITEIFFITIZZIANEG .,
1381 j....ct3zx L L PIXIIITTIIIITITIIIFIIITIIINTIITILIIIILT
TR S— -y — e e TITTIE. IXTLILTATTILILLLIR, . 153 8
1o ) S—— S —— so... BET FRE3TTITLTITLLILTTSIXIILLL|
'_Eﬂ.i‘ L9 & 4 & S e 1 SR 11 IKI::II2::::12:3!:222!!3!31!22!I:
1085 |Txr. .. S (IEIIfLIILITTLIILITLLLLLLLLLLLLL

i 1386 '__::._,__:_'____, ____________ _:_:__,_,:x:::::ux:x::z::x::xxx:xx:x:znn:i
{987 {32z, £+ S RS 113, ITITIIIITITITITITILLLLLLS, , 1332
e I 3 i+ o e T e z:::::::zx:x:xxxxxxxxxntxxnt:uni
{989 |zxeasszsr. ... . ... N $3333333330833333233333 .. 533 .

| O | | il 1 [ | H l |

Note: t represents a dry pentad

Yote: repregents 31 wet rentad

repragents aiseing data




 TEAR | APR | MAY | UTF | JUL | AOG | P OCT | MOV | DEC | MK | TEE | M
i § i 1 | { ! :

1960 f-no.tzsx o e srpsrsxzzrzsmerzioo.olozpezs)
1963 Iz, mzezz ... ... .... eu....TD | TTT . ITITITTIITITILLTILIINONL . IIIi-|
L i
1965 |-txrrr vz e IIIIYIIIIII LIRS IRIIIITLLNLII- |
1966 | - -
1967 !-x:x A © N < ... BERTTITITILIITTILEITIILIILILLLY |
1 A o cevee . BET-——TIIIIRTTITIILTITIILITILILILINL|
1060 fee... Avnesy .. X ........ 3RIIIIITIIITILTITIILIXLTLITILILILIILL|
1870 |, epxze . ::,,,mxmxxxmzux:x:tx:x:z::x:i
)§:¥ 1 G b S S P IF,,  IRIIEITIITITITTITIITLELLLILIL|
1972 %, ... .333%, 33, X3 ... .. ... 11333 (XSIIXTLCLLLLITSEELITLLINL IIILIiy)
1973 fxrx L e . R $rPt | IRLIEIITrIRfrIIIIIIfTITSYT |
1974 |.sxee g2 O T I T Riteotetiissidstiisdsdiessissssssisy
1075 |#rrzexes oS TIX, ITITITTIITLIITTLIIIILILL LN
1876 {sszzzassr SR QS 11IETITLIXLLTTILIONS  Fazesy
1877 e, TPTIIIILLILIITIILIRTLILLLLLILILILILLILILILL]
1976 |fzzrex . S — DY IIIIIEIIITIILIIILLILTLINILILIIILLIL|
1979 [zsfzz, tpyr TL, .. 11 TITITIITILLNLL IXITLIXLITIIITL __grIy|
1980 leg22x IITPITTITTLLTITIIIILILILILIIIONLLLE ¢ |
11 (R, ¢ [ —— —— x:tx::zxttxuuzxz:x:x:txzx:nxxx:xx::_E
1982 | mmmm e -
1983 - ... 1222 t. . BIIIIIITITILITITLTLLTLLLLLLLLIILLI
i 1984 fzzzzz ... e III IIIITIILLILITILILTIILIILILLNLNL 1)
1988 tETEz | r oz o L SEIIIIITIIIIIIEIIITIITITIIIIIICIrNIIIC
1986 !zx:xx.._:_::: ___________ e e X23TEIIILILTITEIRTTITITLITTILN- |
| 1987 |- - e
| 1988 1:':...::: ................. e Tata T ::::..;zz:;:=';o;-0+~l’-~v-:-+--v::-—p---;
1889 [rrzzxzamveszr e e s R o] xxux:unntxtzxzxn_:nx,:_,-;
i | 1 ! | i | 1 ! 1 !

Note: t represente & dry pentad
Note: . represents a wet pentad
repregents missing data




dnalyeie of Pentades
3-377, Sonaimuri; Daily Rainfall {am)
TEAR | PR | AT | JUN | JUL | 40G | SEP | OCT | Hov | DEC | oY | 7R3 MAR |
. , , [ , !
| 1962 | o : l—-----------l-tx:éx:xx:'::xzxxzxmxxmxxixnm;
| 1963 |srxsxx . T FIT IZITITIXXITXITIIILITIIINNG $381-,
| 1964 |mmmmmmmee e - . i
f 1965 |-sxsx  qrz LRIl IEIIII I I EYIIIIILIIIIIILLILILIL|
| 1966 |rrrrrrzaex IIIRITIIIIIIITTIITITLLLTILALLLLLLLLLY]
! 1967 |es2x  eg2 . . SIITIIIIIIIITIIIINLLLLILLLLLTLISLT
L TR 2 < - o e—————————— IITIITIILIIELLITLLLLLLLLLLINL22L 1
i (960 | et taxeky . el i S XTI I I IIIIIILLLLLIL|
| 1970 |x. . .sga32 11 LI IIIRTYIIIIITIILLLLLLLILITLL
L1971 |eem gwex T B AN IIITIISTYILILLLITITITLLILILLLL
[ 1972 |t332 g2332 g1 N try, FITZITILLICITLTITLLLLLLILL  gaLee
| 1973 |sezzx ... .. AT e e ) 5 & R IIIITTITLTIILTILTLLILLLLL |
| 1974 |amex g e B TIIIIIITITIINIILETIIIITIILLIILL
| 1975 |trerreses FOT——— T IIIITIITITIIILLLILILIILLLLLL
1978 |txrrsr oz S oo L IIITIIIIIIIIITIIIIIITLINLILIIIIIL
D91 |, S $33T IILINIIIIITILINITTLIINLILLIIY
a i 1 S S ::___.txzzxx:::::x:xx:x:x:z::x::uxxxx__
| 1979 |.exsExpasgarz i3, TITITILXT IIILTTAIIIILLIX SITIIITIL
: 980 fzzzxx o ::_.::x:nxxxz::xx::x:x:xxxxxxn::zz_:_
i 1981 |....322 ... .. B sy A I IXIIIIIITTIIIIILIIILLLILTLLILL
| 1982 |fzx,. . w3tpsz Rz FIIITILIIIZIINNITIIFIRISIIINNG42, 131
1983 |8, .0, ot T . ATITIIIIIIIIRITLLIITIITIIILILLLL
L s e PR IIIIITIIIIINIRIIIIAIRTIIIIIIILRLLS|
| 1985 jerex .z . I IIIIIIITILILILTILIIIIELLILLYY|
| 1986 [r.esx, . vazz oo STIIITIEXIIINIIIILIIILIILIIIILILLL|
1987 |s2x . fxx e e — ITITITLTITITILIITITLLILOILL, frTLY
1988 jsx,  tprx T T z_,:txz:xx::::::x:::z:xx:zxx::::xz:xxzi
|

[_5389 1

SrRITZIIEL, ... B co.SERTRIIRIIITIIIIIOIIIIIILY |
| | | | | | | | | ] | i

Note:
Note:

t

represents a dry pentad
represents a wet pentad

- represents aissing data




A11.-'-_15'513 of Pentades

£-402, Bhegyerul; Daily Rainfal: @ Exi
| TEAR | APE | MY | JOK | JOL : &UZ ' 3EF 0T NOT | DEC . 2K | 7EE |
[ o ' ' ; ] N M
| 1862 |-mmmerm oo
| 1963 |-.., —======m- ¢ % 3 ERS nrtl‘ltz::x!:t::t:z:zr:x:tx:n:::_-.i
| 1964 e e e i e e
1965 |-..xt . .13z ... ... SO IR IR G0t ostidsstddodtrocetadadisd
1966 |rxrzz  rxx ... 3 S IT, Y YTIZIIIITIXITIITIIITITINIFLINN I I
l 1967 |xgzr | tnxxx: R T S :::xxnxuxtz:::t::::z::tzzx:::_“!
l 1968 __:_--x:_,,xx.,____“_x_,_, EOEE S 1321733883 13232223232223329202382832383%%
' BRI € $ S + ¢ 5 < & SN IfIIi, | REIIXY, ITSINIIIIISIZRIIIIIRIIIIILL
1070 (135 B8 vnivannammsanisiinies U CIITIRIIRIIIFIIIEIININITRIIIIINN
1971 |8 immms B 2 oo L...EX, TXT RIXIXRXTXITITITZIIIITIXELIINONL
1 RS = <3 5o+ SRR S e Viiaa... SEITIITIEZIZEIZEZIZRRTIRZZZIIIRINRIIIZZY
L1973 (31, S W I . SEIXIIXXITLIEXZIILILLLLTNNL |
‘ 1074 |, xzx ... %1 oo & S SO IXTXXIIIIXIXIITIIIITINIIIITININIINLY
1875 |s3zrsesr . ... B e BT e I § 34494 3043044893 8940804 8200044!
1976 | 3% oo s L —— I (U II TIIITIIIITIICLITINIIIINEINNY  IITIId
i 1977 i STIIXXTTTLILILLIINILL
i 1978 . : fzzsrrrsirsirrreIIIng
{1979 |=zxy  xrr zIz | 33t = SI TIIITEIIITIIIIIILEIEITIINEIIIIINITY
| 1980 lwxxzr > <. SIIIIIIIIEIIIIIINFITEIIIINENNIND I |
!l 1981 1..... - S 1+ S ITInzIsErErTTITELRLLLILILITLILIL ::xz:.x::'
L 1. A S S -4 [ rrIrzgrzIINEYEEXSY .x:xxxn'“:x:_”x::
l 1983 |trrzx | e 3 S T ITPEIIEIIEITIYTETTTTLTITLLLLLLLINNE
R 1 C O, 1434004844 00043444304 44004404488 444400 r
(T, LT T T F S T ., 1rzreviscrevresssrpevesrrerersesreey!
[ 1386 [wapemsaans RSN R R IXIT, IITITETITILIITIID :tx:.....:'
{ 1987 |tz3. ... 3 ] TIIRIIEILISTTERTIIIRESSEITSIIESE | :-i
I K R f
; 1988 |-szzzzzr ..o B orecanmns - viAssabussisesasneegiasiandpetocyis
1 ' 1 1 ! ] |
Note: T represents 2 dry pentac
Note: represents & wet pentad

represents cissing date
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APPENDIX II

ANNUAL MAXIMUM RAINFALL FREQUENCY ANALYSIS




»

Annual HMaximum Pre-Monsocn Rainfa’l
R-076, Narsingdi; Daily F=zinfall (mzm).

|r Duration Return Period (years)
I Tays ' & 10 20 50
1 114 152 179 204 236
2 189 R 250 281 321
3 206 274 315 357 411
4 234 311 361 410 473
5 254 33E 388 439 505
7 306 41% 487 557 646
10 358 487 572 383 7589

Annual Maximum Mid-Monsccn Rainfall
R-078, Narsingdi; Daily Rainfall (mmj.

Duration Return Period {years)

Days 2 = 10 20 &)

1 i 127 187 193 219 251

; 2 i 184 257 272 Z05 349
3 ! 216  28¢C 323 384 417

4 | 248 322 372 119 480

5 : 570 358E 412 158 536

7 ; 305 401 465 52 505

10 i 361 45¢ 525 £38 669

Annual Maximum Post-Monscen Rainfall

R-078, Narsingdi; Daily Rainfall (mm).

1 Duration Return Period [years)

| lays | 2 z 10 20 50
1 90 128 153 177 208
2 ' 122 17€ 212 246 291
3 144 21 254 237 351
4 163 236 285 332 392
5 172 248 301 250 414
7 189 277 334 390 462
10 221 314 378 436 512

Annual Maximum Rainfall
R-076, Narsingdi; Daily Rzinfall (mm).

Duration Return Period (years)

Days 2 5 10 20 50

11 150 187 212 236 2686

2 214 259 289 318 356

3 262 321 360 398 447

4 303 368 412 453 507

5 326 401 451 499 561

7 374 473 539 602 684

10 434 541 812 879 767




Annual Mewimur Zre-Monsocn t:zinfall
F-101. Shairakt Bazar: Daily -ainfall (mm)

| Duration | Zeturn -sriod (vears)

: Davs 2 & 10 Z20 5C

i g i 107 13€ 158 17 204

| . ! Lg% 191 220 249 DeE

| g | 176 288 279 21 3¢ :

g % ! 203 274 321 366 92 ;

. 3 i 224 208 355 408 471 :

| - 263 352 413 470 542 |

1 1C } 311 40S 474 536  81f :

Annua. Maximum Mid-Monsoon rzinfall
R-101. Bhairab Bazar:; Daily =Zainfall (mm)

]. Duration E Return -zriod (years)
| Days | 2 s 10 20 5C
! 2 ' 111 158 188 218 258

| | & 150 222 289 315 374 |
| 2 178 . 254 304 351 41 |
| & ! 200 282 336 387 454 !
| z | 247 302 380 414 485 !
1 - ' 243 33¢ 29 453  52¢ |
| 1c 284 375 435 492 567

Annua_. Maximum Post-Monsocon Zainfall
E-101. Zhairab Bazar: Daily -zinfall (mm)

i Duration Return S:riod (years) l
| Days 2 £ 10 20 8¢

i B7 134 165 154 282

2 117 17¢ 220 260 63305

g 134 200 244 286 340

4 147 216 261 305 361

5 156 227 275 321 380

7 167 243 294 342 405

10 185 284 343 400 474

Annual Maximum Rainfall
R-101, Bhairab Bazar; Daily Zainfall (mm)

Duration Return Feriod (years)
Days 2 5 10 20 50
1 138 185 216 247 285
2 187 260 309 356 416
3 223 302 354 404 468
4 250 333 388 440 508
5 275 359 415 468 538
7 314 405 465 523 598
10 360 462 531 596 680




~

> b

Annual HMaximum Pre-Monsoon Rainfall
R-103, Brahmanbaria; Daily Rainfall (mm)

! Duraticn | Return Period (years) |
| Days 2 5 10 20 20 {
! 1 116 153 178 202 233 |
; 2 | 156 208 243 276 318 |
', 3 189 257 302 345 401 |
| 4 218 295 349 400 466
5 233 324 2385 443 517
7 268 376 447 515 803
10 310 422 496 567 658

Annual Maximum Mid-tlonsoon Rainfall
R-103, Brahmanbaria; Daily Rainfall (mm)

:' Duration Return Period (years) ':
‘ Days 2 5 10 20 £0
| 1 119 164 193 222 258
! 2 152 212 252 290 2z2g
!_ 3 182 280 12 361 428 |
4 200 291 382 410 484 |
| § 217 318 285 449 B3l
. T 248 349 417 481 565
E 10 279 374 437 487 578 I
| 5
Anrual Maximum Post-Monsoon Rainfall
3-:03, Brahmanbaria; Daily Rainfall (mm)
|
i Duration Return Period (yearz)
Days 2 5 10 20 30
1 78 120 143 177 Pl
; 2 100 156 123 222 278 .
! 2 137 184 228 270 32E |
4 128 197 244 288 345
B 140 219 271 21 385
4 157 246 305 3862 43E
10 177 270 332 392 462
=t

Annual Maximum Rainfall
R-103, Brahmanbaria; Daily Rainfall (mm)

Duraticn Return Pericd (years)

Days 2 5 10 20 50

1 1586 183 217 241 271

2 203 252 285 316 356

3 248 316 362 407 465

4 275 358 412 464 532

5 300 392 483 512 587

7 334 438 506 572 657

10 370 473 541 606 891




innual Maxisum Pre-Monsoon Rainfa

5-105, Chanspur Bagan; Daily Rairizll ‘mm’

| Duration | Return Perioc years)

| Days . 2 5 10 20 50

| 1\ 12 157 187 215 282

I 2 . 154 214 254 293 343

|z | 17 268 319 3E 434

| 4 ' 214 302 360 416 48¢

| 5 | 237 33 397 458 537

: 7 ' 77 380 448 514 558 .
‘ 10 321 434 509 581 874

Annual Maximum Mid-Monsoon Rainfell

5-105, Chzndpur Bagan; Daily Rainfall (mm) .
[ Duration II Return Perioc (vears)

| Days | 2 5 10 20 50

| 1 | 97 138 168 192 226

l 2 l 138 203 245 285 338

| s | 187 241 290 337 398

; 4 ; 182 259 308 357 42

| 5 = 194 278 333 386 455 {
| 7 | 214 296 350 402 470

i 10 i 247 329 382 438 504

tnnual Maximum Post—Monsoon RainZfzll
R-105, Chandpur Bagan; Daily Rairfsl]l {mm,

r-arazion l Return Perioc (years)
Days | 2 5 10 20 5
-
1 | 72 113 140 168 200
2 97 145 178 209 249
3 114 i 208 245 291
4 124 180 o1n 253 299
5 134 194 233 271 320
7 149 213 255 285 347 i
10 171 240 286 330 387

Annual Maximum Rainfall
R-105, Chandpur Bagan; Daily Rainfall (mm)

Duration Return Period (years)
Days 2 5 10 20 50
1 141 187 218 248 286
2 193 259 303 345 400
3 238 316 367 416 480
4 261 344 339 452 520

5 287 377 437 494 569
7 318 412 474 534 610
10 361 465 533 599 684

.




Annual Maximum Pre-Mensc:in Rainfall
R-110 Habiganj; Daily Ra:nfall (mm)
| Duration ! Raturn Period (years)
Days i ¥ 3 10 20 30 |
1 | 128 16~ 194 219 251
2 179 26T 274 Jii 35
3 221 283 335 378 434
4 242 J21 374 425 420
8 22 aca 415 47 5841
7 312 13 487 554 £41
e 10 360 4€3 542 611 702
|
Annual Maximum Mid-Mcnscon Rainfall
R-110 Habiganj; Daily Rainfall (mm)
Duration ! Return Period (years)
Davs 2 g 10 20 50
1
1 ! S0 o 151 174 204
2 i 133 1€3 232 289 318 |
| 3 | 188 224 267 308 361 |
| 4 { 178 951 209 346 108
! 5 ': 187 2€7 328 287 188
l [ 7 | 222 37 32 417 487
] 10 | 259 384 417 178 556
Annual Maximum Post—-Monsoon Rainfall
’ R-110 Habiganj; Dailv Rzinfall (mmj
Duration Zeturn Zericd (years)
Days 2 B 10 20 =0
1 73 129 135 158 189
2 27 143 183 D! 2E8
3 115 1€3 205 23¢ 283
4 128 13 220 255 301
5 141 2C3 243 283 333
7 154 229 262 303 357
10 179 262 316 368 436
Armmual Maximum Rainfall
R-110 Habiganj; Daily Rainfall (mm)
|
Duration Return Period (years)
Days 2 5 10 20 50
1 145 177 198 219 245
2 207 288 287 317 357
3 247 307 347 385 434
4 272 343 330 435 494
5 305 280 430 478 540
7 342 435 4396 556 632
10 399 420 551 803 684




{37 fnnual Maximum “re-Monsoon Rainfall
' n-121, Itakheolz(Baikunthapur); Daily 2aintzl] (mm)

Duration ! Return Pericd (years) i
Days ; z 3 10 20 50 E
1 !
1 ' o 157 183 728 240 f
2 161 222 282 g1 252 '
3 200 267 311 254 408
4 226 302 353 501 464
5 246 331 387 241 510
i 278 368 428 i35 580
10 322 416 479 £39 816

Annual Maximum Mid-Monsoon Rainfall
F-111, Itakhola{Baikunthapur); Daily Rainfall (mm)

! Duration Return Period (vears) |
Days 2 5 10 20 50
[ 1 108 185 202 237 2B3
2 150 227 277 226 3889
3 182 273 333 290 485
4 195 2398 364 427 508
5 275 315 381 =45 527
7 243 345 412 <78 560
10 273 385 458 29 621

Annual Maximum Post-Monsoon Rainfall
F-111, Itakhola(Baikunthapur); Daily Rainfall (mm )

Duration Return Period (vsars)

Days 2 5 10 20 50

1 12 101 121 238 1684

2 100 137 161 285 216

3 121 182 189 215 248

4 133 1TH 203 230 265

5 140 187 218 248 286

¥ 150 202 238 269 312

10 177 248 295 341 399

Annual Maximum Rainfall
R-111, Itakhola(Baikunthapur); Daily Rainfall (mm)

Duration Return Period (years)

Days 2 5 10 20 50

1 148 199 232 264 306

2 207 278 324 369 427

3 251 328 379 428 492

4 280 364 419 473 542

5 305 330 446 500 569

7 335 423 482 538 611

10 385 476 536 594 669




Annua’ Maximum Pre-Monsoon Rainfall
R-131, BSarail; Daily Rainfall (mm)

VS

(!

|
| Durazion Return Period (years)
Days 2 B 10 20 50

! 3 117 155 179 203 23
156 205 237 268 208
188 253 296 337 290
220 300 353 404 471
236 323 380 435 508
271 367 430 491 570
329 434 503 570 656

=3 N Fe ) B2

1

2]

Annual Meximum Mid-Monsoon Rainfall
R-131, Sarail; Daily Rainfall (mm)

Duration Return Period (vears)
Days 2 5 10 2 20

107 163 201 237 283
1458 212 257 2398 3E5
172 280 302 352 437
188 268 323 3a7s

STAN ke (D DY

411

. . 202 287 343 397 187

; | 232 324 385 444 3206

'i 1C | 261 353 415 474 580
Annual Maximum Post-Monscon Rainfall

R-131, Sarail; Daily Rainfall (mm)
Duration Return Period [vears)

Days 2 5 10 20 30

B4 77 102 119 138 187

2 100 137 161 185 21

3 113 152 177 201 233

4 123 168 18 226 263

5 134 179 209 237 274

T 146 182 22 252 289

10 172 227 263 297 242

Anmual Maximum Rainfall
R-131, Sarail; Daily Rainfall (mm)

Duration Return Pericd (years)

Days 2 5 10 20 50

1 145 192 224 254 293

2 195 248 284 318 362

3 233 298 341 383 437

= 265 338 387 434 494

5 285 360 410 458 521

7 321 402 456 508 575

10 362 460 525 587 668




smnual Mawizum Pre-Monscon Rainszll

RE-132, Nasivuagav; Daily Rainfall {mm ;

! Durasior E Return Perigd (years’

| davs ' = 5 W0 iy 50

i 3 . 1] 149 175 168 i

| 2 | 154 205 238 271 a0

| 3 [ 183 2h4 254 ooz 382

! 4 ' 221 285 327 387 419

| 5 ' 239 308 351 394 45¢

! 7 ‘ 284 369 426 480 530

[ 10 H 338 451 5286 552 £34

Annual Mewimum Mid-Monsoon Rainfall

F-132, Nasirnagar; Deily Rainfall (mm )

! Duration | Return Period (vears)

i Davs 2 5 10 20 50

! B 0z 137 180 183 il s

| 2 148 206 244 281 329

i 3 181 250 296 340 387

| < : 201 283 338 390 458

| § | 219 307 365 421 493

l 7 245 341 402 481 537

l 10 276 373 437 498 577

Annuel Meximum Post-Monsoon Rainfall !

F-1Z2. Nasirmager: Daily Rainfall (mm ) '

E Taration Return Period (vears) '

| Davs 2 5 10 20 50
i} 78 108 131 152 178
2 100 147 178 208 247
3 121 185 227 287 319 |
4 137 208 255 301 259 [
5) 148 221 270 316 376 E
7 171 260 318 375 448 ;
10 188 305 376 444 531 ;

Annual Maximum Rainfall
R-132, Nasirnagar; Daily Rainfall (mm)

Duration Return Period (years)
Days 2 5 10 20 50

132 168 189 211 240
191 240 272 304 344
235 283 331 367 415
266 328 371 411 463
287 352 396 437 491
334 414 466 517 583
3889 494 563 629 715

O Wk

[




Annual Ma=imum Pre-Monsoon Rainfall

R-280, Bhola; Daily Rainfall (mm)
Duration Return Periocd (years)
| Days z 5 10 20 50
5 1 105 141 162 183 209
2 50 188 213 236 267
3 173 228 281 292 332
4 203 270 314 35T 412
5 223 302 3558 405 470
g 258 353 416 476 853
10 J14 415 481 545 628
Annual Maximum MiZi-Monscon Rainfall
R-2680, Bhola; Daily Rainfall (mm)
Duration Return Period (years)
Days 2 5 10 20 B0
1 ics 145 189 183 223
2 151 205 241 278 321
| 3 182 252 300 345 404
| 4 203 288 345 398 487
? 3 Hes 315 T3 4278 500
; 7 | 2E3 260 422 481 5838
} 10 ; 513 423 495 564 853
Annual Maximem Pczt-Monscon Rainfall
R-220, Bhela; Daily Rainfall (mm)
; Duration Return Period (vearsz)
Days ! 5 10 20 30
1 104 148 15 208 242
2 140 186 223 268 314
3 1E8 222 268 308 363
4 167 232 275 31T 370
5] 175 244 288 333 389
7 152 274 328 380 447
10 218 aml 373 33 511
Annual Maximum Rainfall
R-2680, Bhola; Daily Rainfall (mm)
Duration Return Period (years)
Days 2 5 10 20 50
1 154 185 205 225 250
2 2C5 248 277 305 340
< 241 299 338 375 422
4 268 338 386 433 492
5 292 370 421 470 534
T 343 427 483 537 806
10 402 495 557 B1l6 692

i
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R-281, Dauvlatkhan; Daily rainfall {(mm)

Duration | Return Period (yeare)
Javs i z 5 10 20 iSie
1 E s7 12 149 138 168
2 | 185 182 22 43 gve g
3| 165 222 260 296 343
: 4 | 185 2861 304 46 400 |
5 217 294 346 235 4b¢& i
7 282 358 416 275 a52 |
10 310 423 498 Sl 663 [
Innual Mawimum Mid-Monsoon Rainfall
E-251, Daulatikhan; Daily Rainfall (mz)
‘ Duration ‘ Return Period (years) !
‘ Javs I 2 5} 10 20 BC }
1 i 105 140 163 135 214 ;
i Z [ 188 231 272 212 364 |
[ 3 | 215 298 354 &d7 478 !
4 246 341 404 435 543 |
5] 271 373 441 D7 591 '
T 317 438 517 £34 8SC& ‘
10 388 515 599 €78 7B |
Annual Maximum Pest-Monsoon Rainfall
R-251, Daulatkhan; Daily Rainfall {mm)
Duration Return Period (vears)
| Days 2 5 10 20 50
1 102 153 187 Z19 261
2 152 257 327 c94 480
3 180 296 ES 7 574 446 541
4 196 321 404 483 586
5 210 338 423 504 608
7 232 358 442 522 626
10 264 401 491 5T 690
Annual Maximum Rainfall
R-261, Daulatkhan; Daily Rainfall (mm)
Duration Return Period (years)
Days 2 5 10 20 50
1 134 177 206 233 268
2 212 298 356 411 483
3 259 359 426 4390 573
4 299 406 476 544 832
5 325 437 511 582 674
7 378 495 572 647 743
10 449 574 657 737 840




frnual Maximum Sre-Monscon Rainfall
Daily Rainfall (mm).

7-301, Amtali;

. :
|oJaratlion |
|

i Return Period (years)
Days ] 2 5 10 20 50
1 | 151 235 290 343 411 |
2 | 214 325 388 469 580 |
3 261 14 515 812 738
4 297 480 800 716 BB6 \
5 324 518 847 7Tl 331
7 268 575 714 846 1018
10 417 642 791 934 1120
Annual Maximum Mid-Monsoon Rainfall
3-201, Amtali; Daily Rainfall (mm).
Duration Return Pericd (years)
J Days 2 5 10 2 50 ‘
1 153 202 238 268 306 |
% 230 318 370 424 483 |
3 01 408 476 543 629 |
| 4 [ 257 488 574 853 758 |
‘ 5 agE 540 336 728 348 !
j i 188 822 741 349 389 |
; 10 337 782 3865 1031 1208 j
Annual Maximum Post-Monsoon Rainfall
2-201, Amtali; Daily Rainfall (mm).
i Duration Return Period 'years) l
! Days 2 5 10 20 50
i 78 124 154 183 220
2 B 015 157 181 224 2686
3 122 133 240 285 343
4 13 208 257 305 367
5 140 219 201 322 387
i 151 234 288 341 409
l 10 173 260 318 374 446
Annual Maximum Rainfall
3-301, Amtali; Daily Rainfall (mm).
Duration Return Period (years)
Days 2 5 10 20 50
1 184 262 313 362 426
2 264 374 448 5186 6807
3 336 486 585 6880 804
4 3393 575 694 808 958
5 475 6268 759 887 1052
7 486 700 842 978 1155
10 568 813 976 1132 1333




|
%

Avnual Maximum Pre-Monsoon Rainfall
2-311, Fatikchari; Deily Rainfzall (mm).
| = i | - —_ . . g

| | Durstion | Returr. Pericd (years

|; | Days | 4 5 10 20 5C

! .
' 1 | 199 185 nop o5 a0% |
| - cr ~ — |
. B \ 178 255 304 352 1L i
| - ! el - ol oA

| l P} Lol 525 282 45 541 |
! 4 25T 381 483 542 644 |
: 5 282 417 507 533 T04 |
| 7 316 471 574 673 801

(5]
(93]
-
t
i~
(8]
M
(&3]
(03]
-
I
l_.l
D
-]

=

tvmual Maximum Mid-Monsoon Rainfall
£-311, Fatikechari; Daily Rainfall (mm) .

l Duration Return Period (years)
' | Days 2 B 10 20 50
T 1 | T imm 205 232 268
2 = 212 278 324 366 422
3 268 384 428 488 562
| 4 311 418 489 557  B4E
5 343 53 525 535 B8E
7 396 519 800 878 TS
10 446 579 566 750 852

Anmuz]l Maximum Post-Monsoon Rainfall
R-311, Fatikchari; Daily Rainfall (mm

e

| Duration Return Period (years)
Dayse 2 5 10 20 50
1 80 125 1585 184 221
2 110 175 21B 259 313
3 126 204 255 305 369
4 135 215 268 318 384
5 141 225 280 334 402
T 154 244 304 361 435
10 i i 274 338 400 480

Ammual Maximum Rainfall
R-311, Fatikchari; Daily Rainfall (mm).

Duration Return Period (years)

. Days 2 5 10 20 50
|

I 165 209 238 2686 302

2 244 310 354 336 450

3 313 411 475 537 617

4 365 475 547 617 708

5 392 512 592 668 767

T 442 584 678 769 886

10 507 6856 754 848 3970

R




Annual Maximum Pre-Monsoon Rainrall
2-315, Kaptai (Chowdhury Chara); Daily Rainzzll (mm)

i Duration

Return Period (vears)
i Days 2 5 10 20 =3
1 136 217 271 322 3€3
2 189 305 382 458 BEL
3 232 369 480 547 BE3
4 262 411 509 6803 728
5 280 444 552 8568 7<0
T 307 476 588 695 g4
10 347 5186 628 736 875

Annual Maximuom Mid-Morsoon Rainfall

R-315, Kaptai (Chowdhury Chara); Daily Rainf=11 (mm)

Duration Return Period (years)

{  Days 2 5 10 20 20
; 1 138 198 238 276 325
; 2 208 313 382 449 BEH
! 3 252 379 463 544 €23
; 4 286 450 859 663 TR
' 5 308 483 800 712 257

7 33 520 840 755 &Ce

10 389 579 705 825 ZE1l

Annual Maximum Post-Monsoon Rainfall
R-315, Kaptai (Chowdhury Chara); Daily RainzZzll (mm)

Duration Return Period (years)

Days 2 5 10 20 0
; 1 83 115 136 158 i
! 2 108 143 188 192 222
, 3 124 164 13 215 24T
: 4 141 188 218 249 288
f 5 150 198 230 260 29
; 7 173 227 263 298 243
! 10 195 257 297 336 387

Annual Maximum Rainfall
R-315, Kaptai (Chowdhury Chara); Daily Rainfall (mm)

Duration Return Period (years)
Days 2 5 10 20 20
1 182 254 302 347 406
7 269 384 460 533 627
3 323 461 552 633 753
4 368 538 650 758 8398
5 394 582 708 826 980
7 431 621 748 869 1026
10 475 6870 798 922 1081
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frnmual Maxmime—n “r=-Monsoon Rainfall
R—320, Mirsari; -aily Rainfzll (mm)
E —araticn Return Period {(years) E
Days | 2 5 10 28 50 |
1 | =5 212 250 287 338 |
2 223 303 357 410 AT
3 238 352 413 472 548
4 225 395 461 524 6806
5 259 434 504 571 858
9 36 482 559 632 T8
10 430 578 875 768 889
Annual Maximem M d-Monsoon Rainfall
R-320, Mirsari; Zaily Rainfall (mm)
Taration Return Period (years) ]
Days 2 5 10 20 50 }
1 123 187 227 285 291 |
2 b 323 375 424 489
3 222 405 473 539 823
4 ==5 475 554 630 729
5 Z21 520 805 BEE 7582
T 223 586 6874 728 868
10 E2B 674 772 868 988
Arnual Maximum r:st-Monsoon Rainfell
R-320, Mirsari; Jaily Rainfall (mm)
turation Return Pericd (years)
Days 2 5 10 20 50
1 ) 178 218 20D 304
2 =38 240 287 332 391
3 =37 279 333 385 452
4 28 310 371 429 504
5 234 333 399 462 543
T 238 380 461 538 638
10 232 415 503 587 696
Annual Maximuoam Fainfall
R-320, Mirsari; DJaily Rainfall (mm)
Duration Return Period (years)
‘ Days 2 5 10 20 50
‘ 1 203 251 283 314 354
2 289 366 417 465 529
3 54 450 514 575 654
4 207 518 591 662 753
5 246 560 636 708 802
7 &1l 626 702 TT74 868
10 £92 723 809 892 1000




Apnuzal Maximum Pre-Monscon Rainfall

R-323, Narayanhat; Daily Rainfall (mm).

{ Duration | Return Period (years)
] Days 2 5 10 20 50
1| 138 191 226 289 302 .
yA \ 195 265 311 355 413
3 | 237 318 372 424 491
4 | 268 355 413 469 541
5 | 291 380 455 518 300
7 | 316 430 505 578 871 |
10 358 4584 584 87 782
Annual Maximum Mid-Monscon Raintall
R-323, Narayanhat; Daily Rainfall (mm).
I Duration : Return Period (vears)
i Days i a9 5 10 20 50
| 1 ! 145 185 211 237 270
{ 2 ! 224 289 348 397 458
| 3| 282 381 447 510 592
' 4 32 436 510 581 373
| 5 3587 478 555 830 72
; T . 407 545 837 T286 340
| | 472 830 735 835 965
Anmual Maximum Post-Monsoon Rainfall
R-323, Narayanhat; Daily Rainfall (mm).
Duration l Return Period (years) i
Days ! b/ 5 10 20 50 i
1 i 93 139 169 198 236 |
2 [ 132 207 256 304 365
3 163 233 286 338 404
i | 161 242 296 347 414 |
5 ‘- 169 251 305 357 424 -
7 184 271 328 383 454 |
10 204 290 347 401 472 l
Annual Maximum Rainfall
R-323, Narayanhat; Daily Rainfall (mm) .
Duration Return Period (years) W
Days 2 3] 10 20 50
1 175 218 246 273 308
2 264 330 373 415 468
3 330 412 468 518 585
4 374 463 522 578 852
5 402 499 564 625 705
T 449 570 850 T27 827
10 512 658 754 847 967
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Annual Maximum Pre-Monscon Rainfall

R-327. Ramgarh; Daily Rainfzll mm)

Duration Jeturn Serisd | vears) ‘
Davs 24 2 10 20 50 |
: 145  20: @42 030 228 |

2 196 2€% 317 615768 422

S Z38 348 413 280 566

4 258 3¢ 48% ale) 376

5 292 44 545 242 767

T 330 agz2 605 710 846

10 374 558 680 787 948

Annual Maximum Mid-Monsocn Rainfall
R-327, Ramgarh; Daily Rainfall (mm)

Duration Return Period (years) ]

Days - 2 5 10 20 50

1 150 203 23¢9 273 317

2 AL 335 401 464 545

3 281 415 499 z7Q 682

4 L 487 554 842 756

3] 357 306 6804 g89 821

7 405 77 681 200 941

19 | 487 85L 773 890 1041

Ammyz] Mawimm Posi-Monscon Rainfall
R-327, Ramgarh; Daily Rainfsll (mm)

Tarztion Return Period (vears)

Davs 2 5 10 20 50

1 ee 122 144 165 192

2 120 172 206 238 281

3 140 203 245 285 337

4 151 218 262 304 359

35 158 228 272 318 372

T 175 245 292 336 394

10 198 282 338 392 461

Anmual Maximum Rainfall
R-327, Ramgarh; Daily Rainfall (mm)

Duration Return Period (years)

Days 2 5 10 20 50

1 184 239 276 311 357

2 274 360 416 471 541

3 336 457 537 614 713

4 372 515 610 701 819

5 402 568 678 783 920

7 460 641 762 877 1026

10 518 T14 842 966 1126




Annual Max:-um Pre-Monsoon Ra:nfa ~

R-351, Eanciarampur; Daily Rainfall (mm) ~_ =
Duraticn Return Period "vears) i
Days 2 5 10 20 50 {
1 20 132 180 187 222 :
2 118 170 204 237 279 !
3 144 204 244 282 332 ’
4 167 245 297 347 411
5 185 274 334 390 464 !
n 217 324 2395 462 550 |
10 254 285 472 555 663

Annual Maxi-um Mid-Monscon Rainfa:l

R-351, Eanc-arampur; Daily Rainfa’. (mm)

Duraticn Return Period vyears) i
Days = @ 5 10 20 50 [

1 101 151 185 218 258

! 2 128 210 253 308 367

| 3 158 o8 324 388 470

! 4 179 284 353 119 505

: 5 i94 203  IT¢ 144 534
| s 218 332 109 483 79 i
| 10 252 372 182 528 627 |

Annual M=x‘-um Post-Mcnsoon Rainf=_1
fa

R-351, Banczarampur; Daily Rainfa’l (mm)
i Duraticn Return Period years) !
Days _ 2 5 10 20 50
1 f 59 104 83 182 199
2 i 75 131 168 203 243
3 | 84 152 197 240 296
4 | a3 168 218 266 328
5 ; 99 177 23 280 344
7 1 109 203 285 325 402
10 { 128 235 306 373 461

Annual Maxi-um Rainfall
R-351, Bancrarampur; Daily Rainfall (mm)

Duration ! Return Period (years) ]
Days 2 5 10 20 50
1 129 174 204 232 269
2 178 241 283 323 374
3 216 302 359 413 484
4 248 340 401 480 536
5 270 368 433 496 577
T 309 420 494 564 656
10 356 478 560 637 738




Armuz’l Mawimum
P=GEZ, Zarura;

Pre-Monsocn Reinfall
Dazly Rainfzll (mm)

Juration |

Return Period . years)

| T | - N - - o |
|
i el 144 78 208 245 i
2 126 182 235 277 3831 |
2 152 228 280 330 393
4 174 266 327 386 482 |
5 184 298 367 433 518
of 221 341 420 496 595 '
10 262 390 474 B55 5681 i
Annual Maximum Mid-Monsoon Rainfall
R-352, Barura; Daily Rainfall (mm)
Duration Return Period (years)
Davs 2 5 10 20 50
1 82 124 146 187 184
2 137 178 207 283 268
3 158 204 234 263 300 l
4 172 228 260 281 331
g 188 250 286 320 354
7 228 288 328 385 415
10 268 348 403 485 522 |
|
Anmual Maximum Post-Monsoon Rainfall
1-352, Barura; Daily Rainfall (mm)
Duration i Return Period (years) B
Daye 2 8 10 20 50
1 T4 114 140 165 198
2 108 174 21 261 318
3 124 215 278 334 408
4 137 234 298 360 440
5 143 240 303 3865 444
7 180 261 22 391 474
10 184 287 355 421 505
Annual Maximum Rainfall
R-352, Barura; Daily Rainfall (mm)
Duration Return Period (vears)
Days 2 5 10 20 50
1 124 168 197 225 261
2 174 242 287 330 386
3 201 291 351 408 482
4 226 328 3385 459 542
D 247 354 424 491 579
T 279 396 474 548 645
10 324 443 532 611 714
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Annual Maximum Pre-tonsoon Rainfall
R-353, Basurhat; Daily Rainfall (mm)

E Duration [ Return Period (years)

Days 2 5 10 20 50

1 131 73 201 22 262

2 193 251 290 327 378

3 23 323 381 436 508

4 261 358 425 487 568

5 286 401 477 550 845

7 322 452 538 20 727

4 10 381 528 825 718 839

dnnual Maximum Mid-Monscon Rainfall
R-353, Basurhat; Daily Rainfall (mm)

Duration Return Period (years)
Days 2 5 10 20 50 ‘
1 148 139 232 285 306 \
2 226 200 348 356 458 .
3 o83 288 426 481 582 |
4 329 121 481 540 815 |
g f 261 182 513 571 248 !
1 7 423 352 594 858 742 |
10 516 339 720 798 359 1
.
Annual Maximum Post-Mcnsoon Rainfa'l
R-353, Basurhat; Daily Rainfall (mm)
| Duration | Return Period ,years) |
Days | 2 5 10 20 20 |
1 | 18 75 215 254 304 |
2 | 158 250 311 369 445
3 188 208 370 439 529
‘ 4 | 207 324 402 477 574
5 | 218 339 418 495 585
‘ 7 | 245 212 457 538 842
10 | 277 410 489 384 633
i |
Annual Maximum Rainfall
R-353, Basurhat; Daily Rainfall (mm)
Duration Return Period (vears) ‘
Days 2 5 10 20 50
1 172 227 263 297 3
2 254 334 387 437 503
3 322 422 488 552 634
4 364 471 542 809 697
5 289 505 582 656 751
7 444 573 859 741 847
‘ 10 534 683 782 877 999

|
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L-rpal Mzximum Pre-Monsoon nain
E-2354, Chandpur; Daily Rainfall .mm)

! “iration | Return Zeripod (years)
il Davs | 2 8 1C 20 = |
1 ‘ 98 137 183 138 aa7 |
2 | 128 168 195 220 28z '
5 | 154 198 229 257 2t |
P i 182 241 280 27 36z [
5 ! 199 265 309 351 403
7 ! 230 302 350 325 454
10 | 270 340 387 431 4BS .

Arnuzal Maximum Mid-Monsoon Rainfall
P-2354, Chandpur; Daily Rainfall {(mm)

Taration ‘| Return Period (years)

Davs | s 2 5 10 20 50
1 [ 22 131 158 180 202

2 . 131 187 224 280 308

3 i 142 211 252 291 342
4 " 172 238 281 322 25
5 ‘. 188 253 296 337 3e:

A T 286 337 383  44C

10 | 254 34C 397 452 524 i

f-nual Maximum Posti-Monsoon RzinZall
E-354, Chandpur; Daily Rainfall (mm)

uration ] Return Perioc (years)
Days li 2 5 10 20 50
1 73 126 161 194 238
2 83 180 204 2486 301
3 106 181 230 278 389
4 116 193 243 292 385
5 123 203 256 307 373
T 133 223 282 339 413
10 156 263 334 402 491

Annual Maximum Rainfall
R-354, Chandpur; Daily Rainfall (mm)

Duration Return Period (vears)

Days 2 5 10 20 50

1 132 176 205 233 269

2 175 231 267 303 348

3 200 263 304 343 395

4 225 294 340 384 441

5 238 312 362 409 471

7 274 355 408 460 527

10 326 410 466 519 588




Annual Maximum Pre-Monsoon Zzinfall

R-35%, Chhagalnaya;

Daily Ra:infall (=m;

Duraticn Return zsriod (y=ars) |
l Days 2 5 10 20 30 |
' 1 118 154 178 201 230
2 170 220 253 —B84 325
3 209 267 305 242 390
4 228 280 33 Z8s 419
5 250 317 361 <04 4539
7 284 367 421 <73 541
10 331 421 480 &37 611 _
Annuzl Maximum Mid-Monsoon 2ainfall
R-353, Chhagalnaya; Daily Reinfall {zm)
, Durztion Return fzriod (v=ar:s) i.
| Days 2 5 10 2C 50 !
| |
1 143 203 242 c8C 329 |
! 2 217 286 343 zeg 1€5 !
' 3 2638 35 420 <78 553 !
4 307 ace 160 =18 524 :
2 332 18 477 SEE 204
7 282 4183 350 i 388
! 10 443 559 535 oS B804 l
Annual Maximum Pecst-Meonsoon ainfall
R-355, Chhagzlnaya; Daily Rzinfall {=m
. Duration Return Zsricd (v=ars)
i Days 2 B 10 ZC 50 |
i e7 153 191 oor 273 ‘
2 127 208 263 31z 381
3 148 233 288 342 411
4 162 248 305 358¢ 430
B 173 280 17 37¢ 444
7 187 282 354 11< 4392
iC 223 318 382 1472 521

Annual Maximum Rainfall
R-355, Chhagalnaya; Daily Rainfall (mm;

Duraticn Raturn Feriod (years)
Days 2 g 10 20 50
1 171 229 267 303 350
2 248 327 380 430 4385
3 298 383 439 493 562
4 334 416 471 523 591
5 353 434 487 538 604
7 408 497 558 618 691
10 470 573 6842 708 794




Arimual Mzstimum Pre-Monszon Fainfall
£-356, Comi_la; Daily neinfall (mm)
| Duraticn ' Retirn Period years)
Days | 2 3 10 20 50
! 1 ! 102 i 68 193 225
2 | 138 &7 218 250 290
| 3 ! 164 220 257 293 329
! 4 i 192 253 301 343 2a7 -' .
I 5 208 278 324 368 425 ! .
| 7 241 328 386 441 512
| 10 1 283 380 244 505 585 |

Annual Maximum Mid-Monsoon Rainfall
R-356, Comilla; Daily Rzinfall (mm)

| Duration [ Return Period (vears) i
| Days l .. 2 5 10 20 50 ’
! 1 | g7 13 152 173 200
| 2 | 144 1e2 224 255 295 :
? 3 ‘ 173 281 270 307 385

4 | 186 284 309 352 407

5 ! 220 287 331 374 428
| 9 | 256 332 378 425 488
' 10

i 287 372 421 488 530

innual Maximum Post-Monsoon Rzinfall
PR

r—306, Comi’la; Daily Rzainfall (mm)

| Duration Return Period (years)

| Days 2 3 10 20 50

| 1 72 108 129 150 178
2 100 150 183 215 256
3 112 168 201 238 280
4 128 IES 225 282 31
5 135 187 237 276 327
7 150 213 255 295 347
10 168 235 280 323 378

| Annual Maximum Rainfall
‘ R-356, Comilla; Daily Rzinfall (mm)

Duration Return Period (years)

Days 2 53 10 20 50

1 125 164 189 213 245

2 180 229 261 292 333

3 211 269 306 343 389

4 241 305 347 388 440

5 263 326 368 408 460

7 302 375 424 470 530

10 339 423 478 531 600




Annual Maximum Pre-Monscon Rainfall

R-357, Daudkandi; Daily Rainrfall (mm}

Duration Return Pericd {years) E
Days 2 3 10 20 50 i
1 S0 111 126 139 157 1
2 139 170 191 213 237 |
3 171 218 251 282 322 [
4 199 261 302 341 392 l'
5 221 296 346 3s3 454 |
T 73 374 441 505 587 !

| 10 332 456 538 816 718 ‘.

Annual Mazximum Mid-Monscon Rainfall

R-357, Daudkandi; Daily Rainfall (mm)

Duration Rezurn Period (years)

Days - 2 5 10 20 50 i
1 24 187 188 124 236
Z 149 203 239 274 318

| 3 184 284 301 346 104

| 4 213 200 257 417 iRE

5 242 337 401 161 338
7 284 BG 482 8§30 318

| 336 45 538 8L ™ !

Anmmal Maximum Post-Mcnscon Rainfall

R-257, Daudkandi; Daily Rainfall (mm)

Duration Return Pericd (years) ?
Days 2 £ 10 20 50 i

| 1 74 04 124 142 187 |
2 109 142 184 185 212 |
3 128 170 198 225 258 [
4 143 191 223 253 292 |
5 159 212 248 282 326 |
T 176 240 283 323 376 1
10 207 292 343 404 474 I

Annual Maximum Rainfall

R-357, Daudkandi; Daily Rainfall (mm)

Duration Return Pericd (years)

Days 2 3 10 20 50
33 119 153 175 196 224
2 186 22 249 273 308
o 229 284 320 354 398
4 263 333 378 422 479
5 296 374 426 476 540
i 348 - 443 506 567 645
10 414 5286 599 870 761

o

TY




Annmual Maximum Pre-Monscon Rainfall

R-358, Feni; Daily Rainfzll (mm)

Duration Return Period (years!
! Days A 5 10 20 a0 |
1 30 172 200 22T 281 i
2 187 247 287 325 375
3 225 293 337 380 435
4 253 337 393 447 516
5 278 376 441 504 585
T 324 443 521 587 £94
10 388 526 819 709 824
Annual Maximum Mid-Monsoon Rainfall
R-358, Feni; Daily Rainfall (mm)
Duration Return Period (yvears)
Daye 2 3 10 20 50 i
1 158 202 232 261 288 |
2 24 211 358 403 481 §
3 282 s £33 486 556 i
4 336 22 487 558 €38
5 365 472 542 810 698 |
7 432 553 633 709 BOS |
10 501 BE3 770 874 1007 !
|
fnnual Maximum Post-Monsoon Reinfall
R-358, Feni; Daily Rainfzll (mm)
| Duration Return Period (years)
Days 2 3 10 20 50
1 94 137 165 182 226
2 132 187 224 259 305
3 164 238 288 335 396
4 184 287 322 374 443
5 197 285 344 400 473
7 219 311 373 431 507
10 245 342 4086 487 547
Annual Maximum Rainfall
R-358, Feni; Daily Rainfall (mm)
Duration Return Period (years)
Days 2 5 10 20 50
1 179 218 244 268 300
Z 262 318 357 394 441
3 315 386 434 473 538
4 361 444 498 551 619
5 396 490 552 611 688
7 458 564 635 703 790
10 547 693 790 883 1003




A np:. Maximum “re-Monscon Zainfall
E-3E:, Gunabati; Daily Rainfall (mm)

Durztion Re-urn feriod (years)
[zys 2 8 10 20 50
1 104 138 156 176 202
2 146 200 236 271 315
3 175 247 294 338 398
4 207 297 357 414 488
5 23 335 402 487 55
74 272 101 487 5688 B75
0 318 456 548 835 749
Annca]l Maximum Mid-Monsoon Rainfall
F-382, Cunabati; Daily Rainfalil (mm)
Duration Return Pericd (years)
Cays Z 5 10 20 30
1 137 iy e 200 228 2684
2 180 245 288 328 283
3 218 307 365 421 494
4 280 350 115 480 362
. 3 272 380 481 518 307
7 212 o 515 589 886
0 250 350 353 757 388
Znrea]l Maximum Post-Mensccn Rainfall
2-3%2, Gunabati; Daily Rainfall (mm)
Duration Return Zeriod (years)
lays 2 5 10 20 50
i 36 151 187 222 268
2 138 225 282 337 409
3 163 270 341 409 497
4 178 295 372 4486 541
5 192 310 388 483 559
7 219 344 427 507 610
16 235 363 448 530 835
Annual Maximum Rainfall
R-3%3, Gunabati; Daily Rainfall (mm)
Duration Return Period (years)
lays 7 5 10 20 50
;3 161 197 221 243 273
2 234 302 348 391 448
3 282 376 438 497 574
4 314 424 497 567 857
5 340 456 533 607 702
T 392 521 607 689 795
10 456 604 702 797 918




Annual Maxzimu- Fre-Monsocn nainiall
R-360, Hajigerz; Daily Rainfall {mm
Duration | Return Zerisd (vears)
Days 2 <) £ 20 50
1 28 182 144 164 181
2 124 162 188 213 245
3 1581 182 212 2458 273
4 178 229 262 285 337
5 1986 55 264 331 379
T 31 303 350 386 455
10 276 357 411 462 528
Anmual Maximur Mid-Monsoon RainzZall
R-3680, Hajigang; Daily Rainfall (mm)
! Duration Return Period (vears)
Daye . B o) 10 20 50
i g2 143 17T 209 251
2 ‘ 130 188 ) 264 312
2 1586 216 258 294 343
4 | 175 2236 200 316 366
5 ! 154 263 308 352 408
7 AL chin 365 420 488
10 284 3588 22 481 558
Annuzal Mawimur Post-Monsoon Rainfall
R-380, Hajigeng; Daily Raintall {mm)
[_Dura'tion Return Period {(years)
! Days v 5 12 20 50
3 70 ag 118 136 180
2 104 154 187 218 258
3 1258 184 222 259 307
4 138 207 252 2985 351
| 5 148 228 277 328 388
7 170 287 332 393 473
10 190 303 378 449 542
Annual Maximum Rainfall
R-360, Hajigang; Daily Rainfall (mm)
Duration Return Period (vears)
Days 2 5 10 20 50
1 115 161 192 221 259
2 168 219 252 285 327
3 196 250 285 319 363
4 226 281 318 353 398
5 251 314 355 395 447
7 293 374 428 480 547
10 341 430 489 546 618




Annual Maximum Pre-Mcnscon Rainfall

R-361, Hatia: Daily Rainfall (cm)
Duration Zeturn Period (vears)
Days i 5 10 20 g0
1 122 189 200 230 268
2 174 23 278 318 70
3 212 279 328 385 420
4 24C 313 362 408 170
5 269 358 414 470 542
7 213 411 475 538 818
10 387 487 5858 642 741

Annual Maximum Yid-Mcnsoon Rainfall
R-381, Hatia; Daily Rainfall (mm)

Duration Zeturn Pericd (years)
Days = 12 5 10 20 50
1 138 177 202 228 260
2 | 214 282 327 a7 426
3 268 a951 408 4682 532
4 7eT7 3e2 AE5 515 £94 {
| 5 234 440 511 57 388 ‘
g o8 508 585 658 7hd
10 184 588 870 748 350
Annual Maximum Zocst-Mcnsocn Rainfall
R-361, Hatia: Daily Zainfall (mm)
Duration Zsturn Pericd (years)
Days 2 5 18 20 80
1 108 157 182 22 280
2 157 227 274 318 376
3 132 276 331 385 454
4 208 295 358 408 180
g are 31 374 432 507
I Y 343 406 468 547
10 268 383 438 500 283

Annual Maximum Rainfall
R-361, Hatia; Dezily Rainfall (mm)

Duration Return Period (years)
Days 2 5 10 20 50
) 174 222 253 283 323
2 28 323 367 409 463
3 308 388 442 493 559
4 338 425 482 537 609
5 375 470 533 593 671
7 427 527 533 657 739
10 505 614 687 758 848

1



Annual Maximum Pre-Monsocn Reinf=ll

R-362, Kasbz; Daily

-

Reinfall (mmT

[ :
] Duration | Return Peric:z (years)
] Days } z 5 1C 20 50
| 1 Ii 839 113 128 143 163
2 . 130 177 20¢ 239 279
'l a3 | 153 208  24¢ 281 327
4 l 178 245 28¢ 23 385
s | 1 266 312 38 418
T 5 231 318 37t 434 506
10 ' 263 358 417 474 548
|
Annual Mawimum Mid-Monsoon Rainfzll
R-362, Kaspaz; Daily Rainfall (mm
| ] Duration ! Return Perioc (years)
i Davs 2 5 10 20 50
L 94 141 172 203 242
2 134 193 233 271 320
| 3 162 231 2717 322 373
[ 4 13 265 318 370 437
5 202 286 342 396 465
‘ 7 232 321 380 437 510
: 10 283 355 416 475 551
l
Anmual Mewimum Post-Monsoon RzinZzll
R-362, Kasoz; Daily Rainfall (mm
Duration | Return Perioc (vears)
Days 2 5 10 20 50
1 70 114 143 171 207
2 i 99 154 190 224 269
3 ] 1T 186 232 275 332
4 i 126 198 246 292 351
5 | 135 211 261 309 371
T i 148 225 277 326 330
10 | 161 240 252 343 408
Annual Maximum Rainfall
R-362, Kasba; Daily Rainfall (mm)
Duration Return Period (vears)
Days 2 5 10 20 50
1 119 165 196 225 263
2 170 232 274 313 365
3 203 277 326 373 434
4 231 314 369 421 489
5 253 337 393 447 516
7 293 383 442 499 573
10 325 419 481 541 618




Annual Maximum Fre-Monscon Rainfall
R-363, Laksam; Daily Rainfall (mm)

Duraticn Return Period (years)
Days Z 5 10 20 50
1 101 142 168 194 227
2 149 194 224 253 290
3 182 242 283 322 372
4 204 278 327 375 436
5 232 320 378 433 505
7 273 378 448 515 6802
10 326 446 £25 601 700
Annual Maximum Mid-Monscon Rainfall
R-363, Laksam; Daily Rainfall (mm)
Duraticn Return Period (years)
Days 2 5 i0 20 50
1 g7 133 157 180 208
2 158 211 248 279 322
3 124 280 304 348 401
4 220 2886 345 363 455
5 242 322 375 428 482
7 283 376 438 437 573
10 229 433 501 5687 852
Annual Maximum Post-Monscon Rainfall
R-363, Laksam; Daily Rainfall (mm)
Duraticn Return Period (years)
Days 2 5 10 20 50
3 72 107 131! 15 183
2 107 161 198 232 277
3 135 207 254 299 358
4 149 2393 298 355 429
5 161 254 315 374 451
T ETT 272 335 395 474
10 202 310 381 449 537
Annual Maximum Rainfall
R-363, Laksam; Daily Rainfall (mm)
Duration Return Period (vears)
Days 2 5 10 20 50
o} 126 166 193 219 252
2 180 241 274 306 347
3 236 304 342 392 448
4 271 356 412 465 535
5 302 391 449 506 579
T 352 449 514 576 656
10 408 518 590 659 749




Ennuzl Maximunr “re-Monsoon Rainfall

F-364, Lakshmipur; Daily Rainfzll (mz)

Duration Rewurn Period (yszars)
Davs 2 5 10 20 50
1 87 123 148 168 197
2 124 168 187 225 261
3 153 2341, 249 285 332
4 174 238 280 321 374
5 200 271 317 382 420
7 240 333 395 454 531
10 288 298 470 538 627
Annual Maximum Mid-Monsoon Rainfall
R-384, Lakshmipur; Daily Rainfall (mm)
Duration Return Period (vears)
Days 2 B 10 20 50
1 g1 131 158 183 217
2 141 205 247 287 338
3 77 256 309 2359 424
4 201 288 346 401 473
5 223 320 384 448 526
7 264 380 456 330 625
10 315 455 548 E37 752
1
Annuzl Maximur Post-Monsoon Rainfall
F-364, Lakshmipur; Daily Rainfall (mm)
Duration } Return Period (vears)
Days 2 5 10 20 50
P! 85 197 155 182 217
2 124 180 247 253 299
3 150 214 256 296 349
4 i70 244 292 339 399
5 189 271 325 377 444
7 215 311 374 434 512
10 243 347 416 481 587
Annual Maximum Rainfall
R-364, Lakshmipur; Daily Rainfall (mm)
Duration Return Period (vears)
Days 2 5 10 20 50
1 118 162 191 218 253
2 182 240 279 316 364
3 224 298 347 394 454
4 255 335 388 439 505
5 282 372 432 489 563
T 333 447 523 595 689
10 385 531 621 707 819




Annuzl Maximem Pre-Monscon Rainfall
R-36%, Munshiganj; Daily Rainfall (mm)

Duration Return Period (years)
Daysa Z 5 10 20 50
1 95 132 157 180 211
2 138 202 244 285 328
3 163 2358 283 329 328
4 186 71 327 381 450
5 208 310 378 443 528
7 241 363 444 522 622
10 280 417 508 595 708

Annual Maximum Mid-Monsoon Rainfall
R—-365, Munshiganj; Daily Rainfall (mm)

Durztion Return Period (years)
Days : 2 5 10 20 £0
1 94 1242 174 205 244
2 144 217 265 310 370
3 176 270 333 392 470
4 200 Jil 384 455 548
5 212 324 414 491 5g2
7 238 377 468 557 sl
0 27 440 548 653 787

Annuz] Maximum Post-Monsoon Rainfall
R-36%, Munshiganj; Daily Rainfall (mm)

Durztion Return Period (years)
Days 2 B 10 20 50

78 122 151 178 214
109 178 224 2688 325
127 205 257 3086 370
136 221 278 333 403
145 238 296 353 428
162 268 338 405 452
188 308 387 464 562

O =] O WD

bt

Annual Maximum Rainfall
R-365, Munshiganj; Daily Rainfall (mm)

Durzation Return Period (years)

Days 2 5 10 20 50

1 129 173 202 229 266

2 195 267 314 360 419

3 230 314 369 423 481

4 262 364 432 497 582

5 285 399 474 547 641

7 317 449 537 621 730

10 361 512 611 T06 830




Annual Maximum Pre-Monsoon Rainfall
R-366, Muradnagar; Daily Rainfall (mm)

Duration Return Period (vears) i
Davs 2 5 10 20 50 :
1 B4 129 160 189 226 |

2 115 180 223 265 318

3 134 211 262 310 374

4 189 249 308 366 441

5 174 272 338 400 481

7 1986 320 402 481 583

10 237 368 4586 539 648

Annual Maximum Mid-Monsoon Rainfall
R-366, Muradnagar; Daily Rainfall (mm)

Duration Return Period (years) [
Days - 2 5 10 20 50
1 82 140 179 216 263 !
2 116 198 253 306 374
3 145 255 327 397 486
4 164 278 354 426 520 i
5 180 297 374 448 543
7 204 325 406 483 582 i
10 235 362 4486 527 632 :
1

Annusl Mawimum Post-Monsoon Rainfall
R-366, Muradnzgar; Daily Rainfall (mm)

Duration Return Period (vears)

Days 2 5 10 20 50

1 50 82 103 124 150

2 73 123 156 188 229

3 85 146 186 225 275

4 a3 161 206 249 304

5 104 179 229 276 338

T 118 208 269 327 402

10 138 234 299 380 440

Annual Maximum Rainfall
R-366, Muradnagar; Daily Rainfall (mm)

Duration Return Period (years)
Days 2 5 10 20 50
1 106 161 197 232 277
2 147 226 278 328 393
3 179 286 357 425 513
4 202 313 386 457 548
5 222 337 414 487 581
7 249 384 473 559 670
10 289 427 518 806 719
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Arr:al Maximem Zre-Monscen Rainfall
2-327, Hatinagar; Daily Zzinfall (mm).
[e=ation ! Return Period (years.
_ays 2 5 10 20 &0
I I
i 4 : - - 4 T et |
' [ 1 | 103 138 158 180 207
i z i 187 187 187 208 231
| 3 i 157 152 215 237 265
| ! -y -~ "
a4 . 178 2.8 246 273 207
‘ B i 197 280 285 319 262
| 7 | 224 284 324 362 411
| | 10 | 274 344 380 435 432
:-..._._:.,l Maxa i ~—.. L i 1.
An-:al Mawimum Mid-Monscon Rainfall
2-:2T7, Nabinagar; Daily Fainfall (mm).
| T:ration | Return Pericd (years
| |
i _ays | . Z 5 10 20 =0
| 1 21 13T 158 184 2183
i D 1099 TR QFr 287 Yy
| " 2 A Ldal Pt} R e
g 3 140 ARt 282 30¢ 28
! 1 182 2l 278 318 378
5 77 i 200 248 ig7
7 200 2.5 326 374 138
- i - Lo d H
0 229 2C3 362 413 478 !
Ar-:al Maximum Post-Monscen Rainfall

X-::27, Nabinagar; Daily Rainfall (mm).

| Derazion | Return Period (yesars’
! ~avs . 2 3 10 20 30 !

63 17 138 164 200
| 82 134 189 203  I48
| S0 148 181 16 261
| 100 124 189 224 €8
, 112 179 208 245 288

130 2:3 268 320

! 155 228 280 341 108

[ TS TG L S o

[y

Anr:al Maximum Rainfall
R-:27, Nabinagar; Daily Razinfall (mm).

[uration Return Period (years)
—ays 2 3 10 20 50

125 1€8 196 224 258
164 213 280 283 325
187 246 285 322 370
208 263 300 336 383
227 285 323 360 407
264 315 349 381 423
310 357 388 418 457

OOk WM
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Annusl Maximum Fre-Morscon Rainfall
2~36%, Noakhali; Daily Rainfall (mm)
Durstion | Return Period ,years o
Days i g 5 10 20 5]

| i i 130 28 207 236 oIS

| 2 174 235 278 313 285
3 205 278 328 375 438

: 4 226 309 364 417 485

| 5 2583 348 407 467 548

| 7 296 410 4886 558 884

! 10 351 47 561 B4 745

Annuel Maximum Mid-Morscon Rainfall

R-369, Noakhali; Daily Rainfall (mm)

| Durztion Return Period (years)

| Days s 2 5 10 20 20

| 1 135 175 202 228 261

| 2 187 239 286 292 326

| 3 235 287 322 385 398

| 4 288 322 357 392 436

' 5 293 350 388 424 &72

! 7 341 405 448 488 R

| 10 | 421 3520 535 848 T30 |

Annual Mawimum Post-Mensoon Rainfall

E-36S, Noakhali; Daily Rainfall (mm)

I Duration Return Period [years)

Davs - 5 10 20 30

1 124 171 202 232 270
& 167 235 281 324 380
3 194 269 319 366 428
4 215 300 356 410 480
5 228 316 375 432 508
7 243 337 398 458 £34
10 280 383 451 517 801

Annual Maximum Rainfall
R-369, Noakhali; Daily Rainfall (mm)

Duration Return Period (years)
Days 2 5 10 20 50
1 183 220 244 267 298
2 253 293 320 345 378
3 292 345 380 414 457
4 324 387 428 468 520
5 352 425 474 521 582
7 405 494 553 610 883
10 488 594 663 730 816




Arnual Maximum Pre-Monscon Rainfall

Z-370, Parshuram; Daily Rainfall (am)

“uration ! Return Period (years '
| Days | 2 B 10 20 50 ‘
' 1 | 130 168 195 221 253 |

2 . 175 231 267 303 348 !
3 , 204 276 325 371 430 |
4 227 306 358 408 473 ;
5 ! 245 332 350 445 517 ;
T : 272 367 431 421 57 1
:.C | b 1 ) Ay EAR [ Rt |

| S e jo]8 o) ol 664

Arnual Maximum Mid-Monscon Rainfall
=

7-370, Parshuram; Daily Rainfall (mm)

f

Turation % Return Period (years
Days | . 2 5 10 20 3
1 5 128 188 191 215 248
2 ; 186 240 278 210 385
! 8 ' 231 202 248 393 452
. 4 258 329 T 422 481
2 284 588 413 15 5Z8
7 331 417 473 528 288
| 10 . 385 48 551 615  6%8
fonual Maximum Post-Monscon Rainfall
=-370, Parshuram; Daily Raintall (mm)
| - . | . A !
-uration Return Pericd [years
Days | 2 5 10 20 Ed i
; : !
] ~ S |
| 1 88 100 12 140 168 |
2 95 141 173 202 241 i
3 112 174 214 282 302 i
4 127 181 233 274 327 -
5 136 200 243 283 336 f
4 150 216 260 302 356 1
10 168 238 285 330 388 |
I

Annual Maximum Rainfall
®-370, Parshuram; Daily Rainfall (mm)

Duration Return Period (years)
Days 2 5 10 20 g0
1 153 189 212 235 265
2 212 268 308 342 388
a3 259 331 379 424 484
4 284 358 407 454 515
5 312 396 452 505 574
7 357 443 500 555 626
10 417 512 576 636 715




Arnual Maximum Pre-Morsoon heiniz
R-372, Raipur (Neakhna i); Dai_r msinfall (mm)
| Duration | ReTurn ferioc [years :
Days i z 5] 2 20 50
| = S S s
33 | 91 i R 138 o3
2 | 127 83 226 256 302
! 2 ? 158 219 ozg 298 348
| | =
: 4 ! 182 250 285 338 395
] 5 ! 155 273 221 367 428
| 7 | 232 312 285 415 481
| -
! 10 | 274 364 423 479 583
L |

fnnual Masrimum Mid-Mernsoon Rainte’l

’

R-372, Raipur (Noakha.i); Daily FRainfall (mm)

| Duration 1 Ezturn Period (years)
i Days z 5 10 20 50
i 1 I 83 111 230 147 170
| g L 132 176 206 234 270
| 3 i 15€ 209 244 277 321
i 4 | 1B8E 248 288 328 380
! 5 l 201 27 17 3861 419
| 7 234 313 355 415 480
. 10 b f ok 389 228 487 £54
Annual Mesimun Post-Monsoon Rainfzll
F-372, Reipur (Noaknz_i); Daily rzinfall (mm)
| Duratior. | Rzsturn Perici {years)
Days ! 2 5 10 20 50
1 78 ol 243 168 201
2 107 154 288 215 253
3 128 183 228 255 301
4 138 195 Z3Z 268 314
5 146 206 245 283 3
T 168 235 280 323 378
10 | 190 271 324 375 442

Anmual Maximum Rainfall
R-372, Raipur (Noakhali); Daily Rainfall (mm)

Duration Return Period (years)

Days 2 5 10 20 50

1 115 156 184 210 244

z2 166 217 251 283 324

3 199 250 283 316 358

4 228 284 322 358 407

5 250 313 355 395 447

7 289 363 411 458 518

10 336 420 476 530 600
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Arnual Maximum Pre-Monsoon Rainizll
BE-37E, Ramgati; Daily Rainfall (mm?
[ Duration | Return Pericd (years)

J

Days - 2 B 10 Z0

108 141 163 185
1786 232 289 305
221 300 352 402
266 366 432 4386
! 307 428 508 284
370 524 628 72

480 848 781 907

.

O =1 = NI

5 5
351
487
584
351
1071

Annual Mazimum Mid-Monsoon Rainfall
I

R-375, Ramgati; Daily Rainfall (zm]

i

Duration ! Return Perics (years) ‘
Days 2 & 10 20 5C
i $
! 1 124 155 183 205 234 l
| 2 21 275 318 343  3%e 5
~d 7 I Lad —_ - |
| 3 288 75 427 477 343 '
| 1 R 4R 1R 2N 38 !
= e T -k —is L -
3 412 B30 208 223 T8¢ .
i 428 882 1=t 383 a7 ;
10 B804 800 231 20858 6
Annual Mazimum Post-Monscon Rainfall
R-375, Ramgati; Daily Rainra:l (zm
Duration Return 2ericé (rears)
Days 7 <) 1C 20 5C
1 Qg 134 1R7 1702 0T
2 165 285 282 327 38E
3 204 262 350 406 478
4 238 345 118 482 358
5 2589 L 44E 7 80S
% ; 282 388 478 543 844
10 ; 318 454 544 830 741
!
Annual Maximum Rainfall
R-37%, Ramgati; Daily Rainfall (xom)
Duraticon ! Return Pericd (years)

Cays 1 2 5 10 20

50

136 174 200 224
231 300 345 389
300 392 483 511
358 472 547 6139
415 552 643 729
516 691 807 918
833 845 gge 1121

O WU = WM

256
446
587
712
842
1063
1296




Annual Meximur
R=378, Senbag:

= M = w7
Ere—Monsean ssxINEs
s o e P 3

ﬁﬁ¢l} ElRTE - (R

[ . 1
Duration |

WMo hade Srll S =R
| b =
= - = ~ - =~
Jays < & <\ POLE 14
1 | ~n o ao P late Lol ated
4 - i v iv —— Z
1
~ - -~ Tl Lad -
2 188 22 247 230 323
| -~ ~ e ey - !
3 '! 283 282 207 251 407 :
{ Lol LT ala 27 ek o |
4 I 1_.16 fwie ) USL f::..[:- ‘;SEI
- Lol b 204 T =
5 [ 238 SJl 294 £35 533
7 | oo 20E, 47 e 2
Petaiid [Shope =k & = tug
] = Lo L ok d -
10 ! 337 470 £58 623 752
i

Annual Maximum
R-376, Senbag;

Mia-Monscon Feinfall
» (mmj.

Dail

Duration
Days

b 1
<

20

50

1
.; o
1 | is1 213 256 293 3as
2 | 215 230 238 325 448 !
3 | 263 256 418 477 554 |
4 | 28& 384 61 525 608
5 | 218 428 438 536 €55
7 | 278 458 580 €30 720
10 j 230 568 248 el £33
]
Lrmre]l Mewimygy Toes_Monsnen feinfetl
2-378, Senbzg; Jeily Rainfall (mm).
i ==Tg|
[ Duration ! Return Feriod fvears)
| Davs | 7 3 10 20 50 |
1 ! 105 164 202 240 288 |
2 ‘ 145 225 279 230 396
3 | 170 288 333 296 477
4 ! - 88 291 360 4286 512
s 198 308 377 447 536
7 215 329 404 475 568 |
10 o 358 440 537 618

Annual Maximum
R-376, Senbag;

Rainfall
Daily Rainfall (mm).

Duration
Days

Return Period (years)

2

5

10

20

50

O 1> WM

178
243
298
331
356
410
481

231
310
391
440
475
537
625

268
354
452
511
554
620
721

299
396
511
580
630
701
812

342
451
588
669
728
805
831




Annu=]l Mawdimum Sre-Yonsoon Rainfall

-

=377, Zonaimurz; Zaily Rainfall (mm)

i Duration Return Pericd (years)
Days z 5 10 20 50
1 08 148 176 203 238
2 ~4¢ 203 240 275 320
. g _TE 237 277 316 366
4 31213 2686 312 355 411
5 =22 300 352 401 465
T 260 350 409 486 540
10 32¢C 434 509 581 87

Annual Maximum Mic-Monsoon Rainfall
2-377, Zonaimur:i; _aily Rainfall (mm)

Durzatizn Return DPeriod (years)
‘ Days = 3 5 10 20 50
1 ! 8L 175 Z03 280 264
Z B4 245 284 323 372
3 z2Z 281 237 381 438
4 z47 223 373 421 483
8 | B 351 403 452 E17
7 | ol 439 e 582 872

|
o

=0C 534 523 708 818

Annual Maximum Zos--Monsoon Rainfall
R-377, ZSonaimuri; -aily Rainfall (mm)

Durztisn Return Period (years)
Days 3 5 10 20 30
1 “OE 141 187 193 228
7 =g 138 23 272 319
3 _BE 240 288 334 353
4 " BC 252 298 341 398
5 5 S gF 263 308 380 408
7 B1E 296 348 387 481
10 242 22 377 428 4355
Annual Maximum Raizfall
R-377, Sonaimuri; Zaily Rainfall (mm)
Duration Return Period (years)
Days s 5 10 20 50
1 15E 197 224 250 283
2 21¢ 277 315 352 3389
3 258 327 373 417 473
4 28¢€ 357 405 450 509
5 314 383 445 495 580
7 a7g 475 543 608 692
10 447 577 664 746 854
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] 18 2E i8] L 284 ]
= - e & . o -
< ai& 296 S 4cc 47 ¥
- - o ~a o Z4E |
I ...35 3._7 SEE L4z S1E |
= | - et o oo
10 i 28¢ TG <30 487 562
3 . . x o PO 1
ennua’ Meximur Mic-Monsoon Rainfall
gi! Ay . -l - N2 - A a7 Y A
n—=402, Zhagyaical; Daily Rainfzll (mm)
|
D":vt:"" - Ra*1ivmy Devi~m- v i ) |
a4t etnite o) NevurT. Xerics (years |
b3 - = = A i ==
—aye i = & S 1G Py T [
= -4 | e P
x JUNCE _4_’. 16‘\-1' _E...
" ¥ - Bl 1= i
z 158 -8e 218 25E i
- 1 a5 ~3F o e tats
w o Pus 1 8% Faoll e S, |
!
e nE alat=] == I
£ 33 5% 288 288 382
oo = fatere = I
E I8 285 3¢ Bz
- e ane v A A
i P W o e e [ I 1,
1
4 { == 4 2 - g7
e Gz cTE 43E et

Liagans e _
P03, )
Durzzion | seTurr feriod (vears .
Davs e B pil & 20 = [
Y |
% Br 140 18C 218 26~ !
B 5 9z 173 e 27C ag?
5 g | 138 1588 240 282 354
. 4 178 188 251 300 36E
g | 128 208 280 11 372 |
| vooo§ 487 282 @¥8 33z agc
A | 185 258 32 386 48" |
L

Annual Maximum Rzinfall
R-402, Bhagyakul; Daily Rainfzll (mm)

Duration Return Period (years)
Days 2 5 10 20 50

146 200 236 271 315
185 251 295 337 390
215 282 326 368 420
23¢ 301 346 388 444
25 338 391 441 508
283 371 428 484 552
338 424 480 535  B0%
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APPENDIX III

STORM REDUCTION FACTORS




The
R-363

deri1z] xezuctions on

Izy stztion in the analysis is:
5. Latzam; Daily Rainfall (mm)

! Day Annual Maxima

Tear i Pre-¥onscon ¥id-Nongoon Post-M¥onsoon innual
! 2121 4090 6409 ] i 2121 4080 5409 0 | 2121 4090 6408 0 | 2121 4030 5409 0 E
1982 i:::::::txxxxxx: 0.00 lrerrxxexzesrsss (.00 itxx::txzxxxxzxt 0.00 | $23ITIITIIITLIL 0.00 i
1965 |rrrxzxxzxxexxx () 00 |srxsxsxxxeoocex 000 | 1,16 1.26%xxzx 0,00 | 1.16 1.25%xxxx (.00 |
1964 l:x:::zx:z::x:!: 0.00 |sxryyexxsrszees .00 |cerezsveressaes 0.00 |frzrrexzzexzexs () 0 i
1965 i 0.57 0.54 0.48 0.00 | 1.15#szxtzeaxx (.00 1 0.50 0.58 0.40 0.00 | 1.15¢rzzrzrzzz { 00 ]
1968 | 0.13szxrazrrxx () 00 | 9.g3tatxzereax .00 1 0.76rtrzxxzzee O 00 | 0.76*zzzrzxzzr ) ( ‘
1967 | 0.4 9.31 0.30 0,00 [ 0.6&0.70 7.51 0.00 j 0.83 0.67 0.78 0.00 | 2,44 0,31 0,30 0,00 {
1863 ] 0.72 0.¢3 9.73 0.00 { 3.62 0.39 0.52 9.90 | 7.81 0.95 0.31 0.00 | 0.72 2.33 0.73 0.90 |
1963 ! 0.38 0.35 1.16 0.00 | 0.51 0.4§ 0.49 0.00 | 0.39 0.37 0.78 0.00 | 0.88 0.35 1.16 0.00 !
1970 ; 0.25 0.13 0.17 0.00 [ 3.36 9.72 .53 0.00 : 1,20 9.83 1.31 0,00 | 0.25 0.23 0.17 0.0 !
1971 | 0..8ex3zzaaxaz ) ) I g, 7irrzanasex o) 0 | .70 0.45 0.40 0.00 | 0.71szzzzzz32z () (0 f
1972 1 2,33 9.86 0.98 §.00 0,84 0042 1043 0.00 0 9,47 0,31 0.43 0.00 | 0.54 0.42 0.43 0.00 |
1873 § 0.75 0,63 0.850.90 i 0.32 0.32 9.51 9.00 i 9.64 9.587 0.37 0.00 § 9.75 0.33 9.83 0,90 !
1974 : 1,29 0.95 0.95:0.00 | 0.52 0.38 047 0.00 { 1,12 1,12 1.28 9.00 | 0.52 0.33 0.47 0.00 |
1975 1 1. Sexxzzzxxxx () 00 | | G§trrtxzxzzz () 00 | 0,p2trzxsazxxs .00 | 0.§2%rstxsrxxr () 00 |
1978 ; g i5erzzzzzzex .00 | O.6Bsxxrsrzzax .00 ¢ O, 28%rsxsrzzzz (.00 | 0.85#%z1zsrsxx .00 é
1977 f Lo.Zzxxzzxzeex 0 00 | 0,38 0.39 0.32 0.00 E 0.24 0.13 0.08 0.00 | 1.02%zzzxxsxzz () 00 |
1973 | 0.33 9.36 9.31 9.00 | 0.98 0.37 9.95 2.00 f 0.69 0.46 0.47 0.00 | 0.53 0.36 0.31 0.30 ;
| 1873 1 0.74 0.34 9.70 0.00 | 0.44 0.35 0.24 0.00 1 0.42 0.27 0.21 0,00 | 0.74 0.34 0.70 0.00 i
! 1980 | 9.34 0.70 9.79 0.00 | 0.64 0.410.39 0.00 | 0.59 0.39 0.38 0.00 | 2.54 0.70 0.79 0.00 |
| 1981 | .28 9028 2,32 0.00 | 9.89 0.77 9.668 0.00 { 0,33 0.21 0.23 0.00 | 0.29 0.29 0.32 0.90
962 | J.lBfR3zmazzzz 000 | l.0lsmzxazzaz (00 | O,73mzzzzraaxr (.00 | 1.0fssrzrzzzzz (0
1982 | o s0szzrzrzzzz () 0 i 0.78tzzzx12221 ) {)( | 1.10tszzzgzess .00 | 0.79tszzzrxzxs () 0
1884 | 0,53 0,42 9.51 0.00 | 0.20 9.81 9.87 0.00 | 0.54 0.55 0.53 0.00 | 0.53 0.43 0.61 0.00
1385 l 0.30 0.47 0.44 0.00 | 0.81 0.84 9,74 0.00 | 0.34 0.54 0.51 0.00 | 0.81 0.34 0.74 0.00 |
1986 |srzzzzzrrazzess (.00 | 0.73 0.60 0.64 0.00 | 1.19 1.01 1.03 0.00 | 0.74 0.32 0.58 0.00
1987 | 0.i3sgssazsse .00 | 0.Qlsxsssxzzxe .00 | 0.90sss3zs333z 0,00 | O.81ssrzzzasss 0,00
1968 E .36 0,79 0.34 0.00 | 0.48 0.26 0,23 0,00 | 0.240.15 0.13 0.00 | 0.49 0.25 0.23 0.00
1883 | J.7Crszsarrzxr 00 | 0.68%=xzxxrzzex ( (0 | 0.82wrrxxxxrzx (.00 | 0.47srsrzexxes () 00
Mean | 0.70 0.38 0.63 0.00 | 0.75 0.58 0.56 0.00 | 0.69 0,59 0.59 0.00 | 0.70 0.%6 0.35 0.00
Notes: I. #t indicates missing data at ome or more atation.
2. Zacond row of numbers are areag for the computed reductions.




\\
(_@ 3
I
|
The ey station ip the anelvsic ie
F-36%. Laksae: Daily Rainfal! iaom)
feriz. Heauctions oo C Day Annual Maxlma
i Year Pre-Hongoon } Hic-Honsoon i Pogt-%onsoon i Annual
| 1 |
i | 2120 4090 6409 0 | 2120 4990 6403 O | 2121 4080 5403 O | 2121 4080 8408
E 1967 'rxrxxrxxxxzazix ( (( |sryzrrzziriezer ) (Qf E:x::::::x:::::: 00 [srxrxzxszzrzzsr (0 QO
! 1863 1.1¢ L.26%=%xx { Q0 E 116 L.loxxxrr (.00 : 0.7¢ Q.67txxxx (.00 | 0.79 0.87z2xxx (.00
| 1962 fxrrrzrzyrrrrxr O (0 |rrzrxzzizxxizr (0 Q0 | TrrrrITITTIONND 0,00 |zxzsxxzxrsxzzzr (0 0
| [ 1965 * 0.70 0.83 0.55 .00 i 1.3 sxezzxzzar .00 | 1.37 1.41 1.53 0.00 | 1.31zxzzzsxxzzz .00
| 1968 0.Q0tsxzsrszes 0.00 | 0,763rzssazzss .00 | 0,G9srszzses (.00 | 0.§9sxssxzxezz (.00
| 1887 . 0.44 6.31 6.30 0.00 i 0.62.0.83:0.85 0.00 i £.70 0.72 0.82 0.00 | 0.70 0.72 0.82 €.0C
é 1866 '0.56 0.4 1.10 G.00 | (.68 ¢.70 0.86 0.00 i ©.90 0.64 0.52 0.00 { 0.66 C.70 0.8€ €.0C |
| i 1963 0.7€ ¢.67 0.67 €.00 : 1.07 €.83 0.88 0.00 ! {.84zzxxsxzzzxs (.00 | 0.76 €.67 0.87 .00 |
| } 1970 0.34 0.26 0.25 0.00 + 0.78 (.60 ¢.61 0.00 | 1.42 1.14 1.57 0.00 | 0.76 0.50 C.61 £.00
1 1970 Q.50zzzzrzzrrz C Q0 | (.B9zrrrxxyzzz (.00 | 0.50 0.4F (.40 0.00 | 0.69zx3xrxzzzx ( (0
L ! 1972 (.95 €.89 1.00 C.00 | 0.57 £.4B 0.50.0.00 ! 0.6 0.46 0.63 .00 | 0.57 .48 0.50 0.00
1 i 1878 .55 (.44 0,40 €06 0.47 (.45 (.48 0.00 | 0.58 ¢.5 0.54 0.00 § 0.55 .44 0.4 0.00 |
| { 19T¢ Q.70 (.65xxxxz 0,00 | 0.52 (.49 0.46 (.00 ! .95 0.8¢ 0.87 0.00 1 0.52 0.4% (.46 €.00
197 {_T3rxzxtxsxzz ( (0 1. 44xxxxexxxey (00 | O.67xxrzzzzxss ( (0 | {.f7xxxzexexzx (1 (0 |
{1978 0.8frrexxxxxex (o (( | (,7ftzxrrxzzzx ( 00 { 1.07Txxxgarxzes (.00 | O.7Brxrrrrrex 0.00 |
| 1977 0.7¢ 0.80 0.97 C.00  0.56 C.44 0.41 0.00 | 0.30 0.2¢ 0.24 0.00 | 0.56 0.44 0.4} 0.00 |
iE97E 070 G.57 C.57 2.00 ¢ IL1B I.01 1.05 0.0C | .91 C.6% 0.68 0.00 ¢ 0.71 0.57 .57 0.00
: 187€ .58 C.7L 0,61 ©.00 ; 0.84 .21 .01 G.OC i 0,47 0,38 0.33 €.00 i 0.84 0.91 1.01 0.00
; 1880 0.57 . 5‘ G.81 C.00 ¢ 0.77 £.63 0.79 0.00 ! (.36 0.5¢ 0.66 0.00 ! 0.57 0.81 .61 0.00
i 1360 0.37 0.4C 0.40 G.00 | 1.0Z C.67 C.76 0.00 i C.38 €.2¢ 0.33 0.00 ¢ 0.37 .42 0.40 £.00 |
| 18e7 {0 E9rxrrrzirza (0 (0 1.04zzzzxzzexs ) Q0 | 0 BGrxrxzxzsix () 00 | 0.§9zzrrxrzzzxx  (f i
| 1985 0.7Htxxxxzzzn Q0 | 0.g9rssarzzass (.00 | 0.Bezexszexst 000 | 0.9rxraxszzz .00 |
| 108 0.61 0.45 0.57 0.00 | 0.89 €.74 0.84 0.00 | 0.62 0.7¢ 0.65 0.00 1 0.61 0.48 0.57 0.00
1985 0.70 0.76 6.84 0.00 ‘ 0,70 0. Eﬂ 0.80 0.00 | 0.57 0.57 0. 770,00 1 0.70 0.7¢ 0.84 0.00
1886 rrxzxrrzxyzaear (0 | 0.75 ¢.66 0.79 0.00 | 1.23 1.0 1.01 0.00 | 0.78 0.75 0.76 0.00
H 1987 | 1.00rzzesrszer § Q0 | O.73tzzxtzxeds (.00 | 0.77:xszxxesss (.00 | (.73sssssszxse § 00
1986 ' 0.56 0.45 0.56 0.00 | 0.75 ¢.55 0.68 0.00 | 0.77 0.7: 0.76 0.00 | 0.75 0.65 0.69 0.00
1989 | 0.pdrxtrrsress 0_00 % 0.71rexexxzxss (.00 | (.BBtxxsxzzxss .00 | 0.B4rxrsryrxzx ( ((
] L
Mean f 0.710.64 0.64 0.00 ‘ 0.82 0,71 0,72 0.00 | 0.78 0.70 0.72 0.00 | 0.70 0.62 0.64 0.00
Notee: 1. #t indicates missing data at one or more statiom.

2. Gecond row of numbers are areas for the computed reductions.




The Tay station in the
%-383.

aerial Reductions on

analygiz is:

Laksap; Daily Rainfall {mm

10

¢ Day Annual Maziza

Tear | Pre-onsoon Hid-Mongoon Post-¥oncoon Annual
2121 4090 6403 0 { 2121 4080 2409 O | 2121 4080 6409 0 | 2121 4090 84038 90
1882 |txrzxazexxsases () (0 |txitzxzrsasasss 30 |sraszzrsessaszs 00 |sstaxzzzzsxxsss .00
1683 | 0.79 0.3T#xxxx 0,00 | 0.75 0.37szsxx 0,20 | 1.04 1.0542232 0,00 | 1.04 L. 05s32x 000
1864 |srxrxgzaxxezessx () Q0 |trrzezxazazzsss ), 00 | efxzzzzazyxsxzx ) Q0 |&xsxxzzosxaisax (00
1885 | 0.73 0.57 0.60 0.00 | [.iiszzxxrzxaxx 000 | 1.76 1.54 1.59 0.00 | 1.1ltrrexxxiax .00
19686 | 0,39txzzzzxzxs 0. 00 | 0, 7dzxsrsrzers () )) |$fsrszzszesssssr O 00 |errxrszeysrssex 00
1867 | 0.4680.350.33 0.00 } 0.75 2.77 .77 2.30 1 0.71 0.76 0.37 0.00 | 0.73 0.77:0.77 0.20
1968 | 0.35 9.20 1.03 0.00 | 0.7¢ 3.76 7.30 2.20 | 0.85 0.56 0.52 0.00 | 0.85 9.30 1.03 0.00
1669 | 9.77 0.73 0.91 0.00 | 0.39 2.77 2.86 2.20 | 0.7§vxxzxsxzzz 0,00 | 0.77 0.73 0.81 0.20
1870 | .21 1.10 .99 0.00 | 2.34 2.88 J2.87 0,20 | 1.25 1.19 1.41 0.00 | 0.84 J.38 0.67 0.40
1871 | 0.43esxzxrzasx .00 | 0,53¢zszz333xx {00 5 0_71:::::::::: 0.00 | 0.o8zxzzxxszr { 00
1972 10,29 1,04 107 0000 1 Q.57 J.4T 146 0,20 | 0.51 0,38 0.71 0.00 | Q.57 2.47 0.46 0.90
i 1973 | 2.32 ).43 0.40 9,00 f .46 1.4 3,32 3.00 i 0.88 9.59 0,31 0.00 | 0.52 .43 0.40 0.4
| 1874 ] 0.58 0.51%%223 0,00 | 9.7% ).50 2,88 2.20 | 0.83 0.710.72 0.00 | 0.75 2.50 0.8 0.20
1875 | 0.39szextexers (.00 | 0.50zexryrzere 00 | 0.73trxzseszes (.00 | 0,73tszesxssey .00
1675 | 0.3dxxxzzrxxss 0,00 | 0.5irxrzzeeses )30 | 0.73tsxzzgraze 000 | 0.Q4ssxsszaass 0,30
| 1977 | 9.70 0.74 0.84 0.00 | 0.53 ).52 2.47 9.0 | 0.30 0.26 0.24 0.00 | 0.85 0.52 0.47 0.9
| 1873 1 0.30 9,73 0,78 9.00 } 1.13 1.01 .06 3.20 | 0, 31 0.79 0.78 0.00 § 0,80 9.78 0.78 0.20
| 1873 [ 0.31 .76 0.57 0.00 | 0.82 ).83 ).88 0.J0 | 0.%6 0.43 0.37 0.00 | 0.82 0.33 0.88 0.4C
1880 | 0.56 2.81 0. 35 0.00 ! 0.80 2.72 1.81 0.00 | 0.1 ? 0.68 0.73 0.00 | 0.66 9.31 0.86 0.0
1681 [ 0.34 9.33 0.72 0.00 J.Ei ).38 3.90 0.20 | 0.46 0.33 0.51 0.00 | 0.840.83 0,72 0.
1€87 -].'.uxxxxxnxx 7.00 | t.'0rzzrzzazez ) 00 | Q. 32stxxzrixis ( Q0 | 0.T4drzzssxzsex (00
1623 | 0.33trgxszzass .00 | 0.3lzzrrazzsss 900 | 0.57sssxxsexss (.00 | 0.91xxsxxssssx 00
1664 | 0.38 .48 0.55 0.00 1 0,86 0.77 0.83 0.0 | 0.81 0.79 0.38 0.00 | 0.58 9.48 0.58 0.00
1685 | 0.56 0.68 0.770.00 | 0.58 .51 9,72 0,30 | 0.70 0.95 0.35:0.00 | 0.58 .51 0.72 0.20
1686 |#ssszzzaszszxss 0,00 | 0.73 0.56 3.78 0.0 | 1.22 0.98 1.20 0.00 | 0.78 0.86 0.78 0.2C
1887 U Q2ezrzzxxex (0. 00 | 0, 73zsxyrxxxxx .00 | 0. 01sssgxexzsx ) 00 ! 0. 75rreetxxxzy () OO
1683 | .30 9.48 0.58 0.00 | 9.80 9,71 0.80 0.20 | 0.40 0.41 0.35 0.00 | 0.60 0.48 0.58 0.00
1689 | 9. 37rrsxzeexey ( 00 | 0. 72trtyrrzexx 0 90 | 0. 79ssrxexxxzx (.00 | 0. 79rzxrxrszzs () 00
Mean | 0.76 0.72 0.75 0.00 | 0.79 0.71 0.76 0.90 | 0.79 0.75 0.75 0.00 | 0.76 0.68 0.70 0.00
| |
Hotes: L. tx indicates aissing data at one or zore gtation.

2. Second row of numbers are areag for the computed reductions.




uuu

The Eey station in the amalysis
Laksar; Daily Kainfall |

J

i
LE

derial Reductions on 4 Day Anpual “:ripe

Tezr Pre-Monsoon i Kid-Honsoon Pogt-Monsoon Anruel
2121 4090 58408 0 1 2121 4080 640¢ 0 1 2121 4080 6409 0 | 2121 4080 3408 0
1962 | #r3esseesssazed (.00 ‘::::x::::::x::: 0.00 |zzsesessrrrzees ( (0 |xespriszeyssess 6.00
1863 | 1.04 1.05%s3%r 0,00 | 1.04 1, 05%xzzr 0,00 | (.97 0.97s2322 0,00 | 0.97 0.Q7:zzzt 0.(0
1964 |rxirazaxsgsoesy (0 (Q |sxxepezzezezesn () Q( |frreezzrzzezssy 00 |ssyrrrresrzszze (. Q0
1965 | 0.87 0.70 ¢.64 0.00 1' 1,09rzzxrzzzzr 0,00 | 2,06 1.65 1.80 0.00 | 1.09txxtrzzzr 0 00
1966 | 1.00s3xtzszzzz (0,00 | (,B3ezzzzzyeez () (Q |ssssserssssests ( 00 |frsrrrzzrrrzzee (. Q(
1687 | 0.45 (.31 €.30 0.00 | .89 ¢.74 0.76 0.00 | C.71 0.76 0.87 G.00 | 0.68 0.74 4.76 .00
1886 .' .81 0.96 1.1¢ 0.00 9.74 .78 (.64 0.00 | C.76 0,55 0.42 0.00 | 0.9 0.96 -.10 0.0C
18869 l 0.75 0.73 .86 0.00 ; 1.03 (.25 0.B8 0.00 | 0.77txreazzeez 0.00 | 0.75 0.73 -.86 0.0C
1870 ¢+ 1.21 1.14 1,01 0.00 I ﬁ 76 £.66 0.65 0.00 | 1.17 1.14 1.3 0.00 | 0.76 0.86 7.65 0.00
1871 | O.4fxsxtzzzzzx (0,00 | (,G9zzzzrzxzr ( Q0 | (.f6strssszzes (.00 | 0.69tszzarzres (.00
1872 | 0.87 0.62 .64 0.00 : 6.57 .50 0.48 C.00 | 0.70 0.53 0.70 0.00 | 0.57 0.50 .49 0.00
873 | 0.50 0.45 ¢.44 0.00 1 0.43 €.45 0.46 0.00 | 0.563 0.59 0.60 0.00 | 0.50 0.45 0.44 0.00
1874 | C.81 (.61%zxzz (_00 | 0.76 ¢.59 0.66 0.00 | 0.80 0.71 0.74 0.00 | 0.78 0.6% 7.68 0.00
1875 | 0.64ssxzrzzzzz 0,00 ' 0. 52:::.:::::' 0.00 | 0.75tsxzzrzxex (0 00 | 0.75%zzefrzzzs (0 (0
1876 | 0.85rxxzzzzzz ( (0 i 0.B4rxzxxrxrzr (.00 | (.78sxxxzzessy .00 | 0.56¥3xz3Ierss () 00
1977 § 0.7Z 0.76 C.87 0.00 | 0.71 (.55 0.80 0.00 | 0.30 0.28 0.24 0.00 | 0.71 0.55 2.50 0.00
1578 ! 0.89 0.78 0.76 0.00 !'1.14 (.38 0.90 0.00 | C.88 0.77 0.80 0.00 | 0.89 0.78 °.76 0.00
EIETE;{}BGGTEC?OQOG 0.80 €.22 ¢.90 0.00 | 0.53 0.42 0.36 0.00 | 0.80 0.82 2.90 0.00
[ 1950: 0.6 0.78 0.84 0.00 | 0.80 €.71 €.8C 0.00 | 0.71 0.71 0.85 0.00 | 0.65 0.78 02.84 0.00
| 1881 | 0.86 0.85 0.73 6.00 | 0.85 £.79 0.80 0.00 | 0.50 0.46 0.60 0.00 | 0.88 0.85 ¢.73 .00
1882 | O.75exrxxxzexr Q.00 | 1.13ztzzrreesz ¢ Q0 l 1.06exssetee2t (.00 | 1.13tzzzrrzzzs (. Q0
. 1983 | O.77ts2zxerzzt (.00 | 0.7§rzrzzrzzer Q0 | (.f4rtszzssxss (.00 | (.75t3¥zerrsssy 0.00
{ 1984 | 0.56 0.52 0.55 0.00 | 0.82 0.0 C.92 0.00 | 0.57 0.71 0.64 0.00 | 0.56 0.52 0.55 0.00
1865 | 0.66 0.68 0.76 0.00 | 0.59 0.35 0.75 0.00 | 0.74 1.00 0.92 0.00 | 0.59 0.55 0.75 0.00
1986 |sxxxzxzzzzxzzzz .00 | 0.78 0.88 0.75 0.00 | 1.55 1.25 1.27 0.00 | 0.78 0.68 0.73 0.00
1967 | O,72sxzxrerxer ( Q0 | 0,76%zrzrssssr (.00 | 1. 12tssssessxs (.00 | 0.76txxsisress 0.00
1986 | 0.63 0.55 0.63 0.00 | 0.79 0.78 0.7 0.00 { 0.60 0.59 0.49 0.00 | 0.78 0.78 0.87 0.00
1989 | O.B7xxzxtrazsy (00 | (.73texrexsesr 0,00 | 0,79tsxxxsesss (.00 | 0,79sreeeszesr (0
Mean | 0,75 0,72 (.72 0.00 | 0.80 0.72 0.76 0.00 | 0.83 0.77 0.79 0.00 | 0.76 0.71 0.73 0.00
Kotes: 1. #t indicates missing data at ome or more station.

2. Second rov of nusbers are areas for the computed reductions.




The fey =ztat::1 in the analysis is:
3-363, Laksar Daily iainfall fzm

derial Zeduciions on O Day 4nmual dazima
Tear x2-¥onsoon ¥id-4:ns00n Post-H#onsoon E Anpual i
2121 4090 5408 0 | 2121 4090 3409 0 | 2121 4090 0409 @ il 2121 4090 6409 0 ]|
1962 |srzrsrzzzysessr ( (00 |ezsrrsrssazness ) 00 |xeserrxxsrasass .00 |exsxirzssessnes Q0 i
1963 | 0.87 :.07¢xxxx (.00 | 0.37 0.37rzzex §.00 { 0.97 0.98sxxxx 0,00 | 0.97 0.98%xz3zx (.00 i
]_95.{ grxrrizyerexss () Q0 |trrgxgsrrrriss: ]}0 ITITIITITIIILIIL {}J{] IIITIITITLIIIIL 000 |
1965 | 1.05 :.37 0.76 0.00 | 1.08%zzzzzazzz 0,00 | 2.31 1.99 2.34 0.00 | 1.08szsxszszzz 0 Q0 |
1966 | 0.31zzrrrrxxzx 0 G0 | 0, 37trrrzrrzaz 9 ) ixnxxxz:xxn:tt 0.00 (txxzzezeryxsaee () 90 ,|
| 1867 | 0.47 136 0.34 0.00 | .53 0.37 1.6 2.00 { 0.71 9.76 0.37 0.00 | 0.53 0.67 0.5 0.00 |
1368 [ 0.87 ..04 1.18 0.90 | 2.72 0.7 ).31 1.0 | 0.30 9.62 9.51 0.90 | 0.97 1.04 1.18 0.00 |
1963 [ 0.31 1.76 0.88 0.00 | 9.93 0.73 2.79 3.00 | 0.77tzz33z33%% 0,00 | 0.81 0.76 0.28 0.00 |
1970 | 1.20 .20 1.06 0.90 | 2.30 9.77 ).72 2.30 | 1.22 1.20 1.51 0.90 | 0.80 0.71 0.72 0.00 |
1971 | 0.4T=zzzzxzrzzx (0,90 : O Tilzzzznazses ) 0 | 0 ofxxzxrzzzax 00 | 0, T1srzxaxszae ) 00
{ 1972 | 9.3 ".50 0.61 2.20 1 J.51 9.3¢ .51 2,00 ¢ 9.82 9.34 9.86 0.00 | 0.81 0.33 0.31 0.30
| 1875 | .82 ".48 0.49 0.00 ¢ 9.30 0.30 1.53 .30 | 0.5 0.30 5.81 0.90 | 0.32 0.48 0.3 9.00 |
‘ 1974 | 1.03 ..3T#212x ( 00 | 9.78 0.3 .70 .20 | 0.73 0.71 0.75 0.%0 | 0.78 0.69 0.70 0.20 !
| 1975 | 0.3@azzzzzzzz 0,00 | 0.76%xazzzzxzs 0,00 | 0.70%sxzxzzzsx 0,00 | 0.70sexyexrzzz 0,00 |
1976 | 0.3@=szx23x23x (.00 | 0.86%3zz3zzazx 0,00 | 0.78s3zxs2233 (.00 | 0.98%esxxszazz 0,00
1977 | 0.6% 275 0.82 0.00 | 0.68 0.3 .51 2.30 | 0.30 Q.34 0.27 0.00 | 0.68 0.53 0.21 0.90 |
1978 | 0.86 .76 0.75 0.00 | 1.04 0.3 .93 2.00 | 0.32 0.80 7.86 0.20 | 0.36 0.76 0.75 0.20
1973 | ¢.50 ..30 0.72 0.00 | 0,87 0.75 0.35 .00 | 9.50 0.39 0.34 0.00 | 0.87 0,79 0.35 0.00 |
1880 | ©.50 .57 0.71 0.00 | 2,76 9.37 1.85 .20 | 0.57 0.87 0.75 0.00 | 0.50 0.57 0.71 0.Q0 |
1981 | 0.33 ..36 0.76 0.90 | 0.36 0.3 9.86 .90 | 0.46 0.39 0.49 0.00 | 0.93 0.86 0.76 0.00 |
1982 | C.78rzxxxzrzax () 00 | 0.47%xzzzzzzzz )00 | (.36sxzrzzzrzx (0,00 | 0. 47ftrxzxzzzz ) {0
1983 | 0.7lmzzzszzes 00 | 0.73s2szzzzes 100 | 0.33tsrrsrzsss 0.00 | 0.73tsrerszszs 0.00 |
1984 | 0.66 ©.58 0.53 0.00 | 0.60 0.32 .67 .00 | 9,58 0.71 0.67 0.00 | 0.66 0.59 0.53 0.90
1985 | 0.50 Z.44 0.48 0.00 | 0.59 0.540.74 9.00 | 0.78 1.02 0.93 0.00 | 0.59 0.54 0.74 0.00 |
1986 |#zzrxzzzserzsss (.00 | 0.83 0.720.78 9.00 | 1.16 0.98 1.06 0.00 | 0.83 0.71 0.78 0.00 |
1987 | 0. z:.:::::::.:- .00 | 0.78s33zzzazz 000 | 1.05s233aanasx 0,00 | 0.75szxxzanax 0,00 |
1988 | 0.77 :.62 0.69 0.00 | 0.85 0.34£0.919.00 | 0.86 0.65 0.59 0.00 | 0.85 0.84 0.91 0.00 [
1989 !__05:::::::::: 0.00 | 9.73rszzzzesee 0,00 | 0.732xryrrzess .00 | O.73stxxsrssrr (.00 | .
Mean | 0.78 :.75 0.73 0.90 | 9.77 0.71 9.74 .00 | 0.81 0.79 0.83 0.00 | 0.76 0.71 0.74 0.00 i
L |
Notes: 1. #? ‘ndicates missing data at ine or zore atation.

2. Sec:nd row of numbers are ar:ag for the computed reductions.
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in the :nelysis is:

Laksar; Deily Reinfall (mx)
ferial ieductions on ~ Day Annual Harime
Tear : Pre-Y¥onsoon Mid-Monsoon Pogt-Honsoon Annual i
; ' 2121 4090 6408 0 | 2121 4090 §409 0 | 2121 4090 5409 O | 2121 4090 £408 O |
1962 ix::::x:xt:xt::z 0.00 [rsgzzzzrxzzeses ( (00 |sessrzsserizsey () Q0 |srsxsxzsssreess (.00
| 1863 | 0.57 0.88%xxxt (.00 | 0.97 0.98%x2x2 000 | 1.07 1.04xzz2z 0,00 | 1.02 1.04x232 (.00
| 1964 1 xzzzIrrTnes: ( QQ |stfxrtrizoedess () Q0 |sxfrsrostreoce ( QQ |rerrrrszszssesy (.00
| 1965 | 1.05 0.8: 0,83 0.00 | L.I7exsrarssss 000 | 237 2.00 235 0.00 | 117emexzxrsxs 0,00
| 1860 | 0.B5zzzzzzrzzz (00 | (,G9rszszzzsss 00 |sssesrzesesszss ( (0 |sesszssszsrrsss (0
| 1867 | 0.46 0,35 .35 0.00 | 0,610,682 0.62 0.00 | 0.71 6.76 0.87 0.00 | 0.51 0.563 0.62 0.00
1966 | 0.95 1.02 1.17 2.00 | 0.80 0.81 0.89 0.00 | 0.80 0.62 £.31 0.00 | 0.80 0.81 0.89 0.00
| 1869 | .78 0.7¢ 0.B7 0.00 | 0.81 0.75 0.81 0.00 | 0.Bizstssszzzz (.00 | 0.7¢ 0.76 0.87 0.00
1 1970 | 1,11 1.08 0.98 ¢.00 | 0.63 0,72 0.75 €.00 | 1.35 1.30 i.62 0.00 | 6.63 0.72 0.75 0.00
1871 | 0.83zzzszzrzzz (00 | 0.T1txrresxxzr ( (00 | O.6Bszzxszzzzs ( 00 | 0.7itrrrrsrsrs (.00
| 1872 { 0.73 0.72 0.80 ¢.00 | 0.63 0.54 0.57 0.00 | 0.52 0.56 0.66 0.00 | 0.63 0.54 0.57 0.00
| 1873 | 0.3 0.36 0.5 ¢.00 { 0.59 0.57 0.35 0.00 | 0.5 0.60 ¢.39 0.00 { 0.58 0.56 0.55 0.00
1974 | 0.91 0.83sx32z 1,00 | 0.87 0.76 0.76 0.00 | 0.7 0.74 .78 0.00 | 0.87 0.78 0.78 0.00
‘ | 1975 | C.89zxrzzzazzr ( 00 | 0.B0¥z:szassss (.00 | 0.74sxxrszzzzs (00 | 0,74szzsrsxszs Q0
1976 | 0.99zsszzzxxzx 0,00 | (,B2stxzzzzxxxr ( 00 | 0.7gerezrzzzaz (00 | 0.99trxrzsrssr (00
1877 | 0.B9*sxxzzxxxz (.00 | 0.75 0.56 0.55 €.00 | 0.88 0.86 1.06 0.00 | 0.75 0.58 0.55 0.00
| 1978 | 0,77 0.5¢ €.52 0.00 i 0.95 C.8% 0.86 0.00 | 0.B2 (.68 0.72 0.00 | 0.77 0.66 0.55 0.00
'[ 187¢ | 0.8% 0.84 0.7¢ 0.00 | 0.95 0.8E 0.98 0.00 | 0.87 0.67 0.53 0.00 | 0.95 €.88 0.98 0.00
t 1880 ! 0.6% 0.72 0.76 .00 | 0.82 0.77 0.89 0.00 | 0.6! 0.56 0.56 0.00 | 0.65 0.72 0.76 0.00
| 1961 | 0.66 0.86 0.61 C.00 | 0.86 0.8Z 0.87 0.00 | 0.63 0.4 (.50 0.00 | 0.68 0.68 0.61 0.00
E 1962 | 0.70zzzzzzzzsr (00 | 0.92%sxzrzzsse (.00 | 1.23sseerrzzss 0,00 | 0.B2tsrsszzrse (.00
1 1982 | 0.B4zseszrsssr (, {]0 0.70%xzxzzzxzz (.00 | O.pozexxzzzzzr (.00 | (.70rzrrressss (.00
{ 1884  0.6€ 0.5 0.64 0.00 | 0.85 0.87 1.13 0.00 | 0.80 0.72 0.70 0.00 | 0.86 0.59 0.64 0.00
| { 1385 | 0.53 0.51 0.56 B.OO 0.56 0.55 0.71 0.00 | 0.74 0.95 (.87 0.00 | 0.56 0.55 0.71 0.00
| 1966 |srxzzerzzzreess 0,00 | 0.84 0.72 0.79 0.00 | 1.57 1.22 1.20 0.00 | 0.84 0.72 0.79 0.00
1967 | 0.72ztzzzzezzz (00 | 0.75%xrxzsxssr (.00 | [.03ssxszzzxzs .00 | 0.73%fsxssexes (.00
| 1988 | 0.82 0.73 0.78 0.00 | 0.94 0.90 0.98 0,00 | 0.67 0.75 (.78 0.00 | 0.54 0,90 0.98 0.00
| 1989 | 1.12ssrreegese (00 | 0, 79rtrszxxsxr .00 | 0,73tseerrssss 0,00 | 0.73sessereess 00
Mean | 0.79 0,75 0.73 .00 | 0.81 0.75 0.80 0.00 | 0.80 0.85 0.91 0.00 | 0.78 0.71 0.72 0.00
|
Noteg: 1. 2% indicates missing data at one or more station.

. Second row of numbers are areas for the computed reductions.




The ey station iz the analyeis la:
*-363, Laksam; Teily Rainfall {mm)

derial Reducticzs on 10 Day Amnual Maxima

Tear Pre-¥onsoon ¥id-Honsoon Pogt-¥onsoon Annual
2121 4080 5408 0 | 2121 4090 6408 0 | 2121 4080 6409 0 2121 4080 6403 0

1962 [ssrzzzrrazzegsx () (Q |rxsesazesrsssxs () 00 |sxeszzzazessses () (Q (:zzzszzzzszazzz () (0
1963 | 1.02 1.04zzzxz 9,00 | 1.02 1.04s322x .00 | 1.02 1.06%%2s2 0,00 : 1.02 [.06%3x1zx (.00 |
1064 |rstxrrrrrrrres () Q0 |¥IrITITITTINCINE (.00 | tpxsryzrxssesss (. Q0 |rrxisxsrsrizres .00 |
1963 | 0.96 0.86 0.76 0.00 | 1.4xs3s3z3xz 0.00 | 2.51 2.15 2.55 0.00 ' l.4Bssxssx2232 0.00
1966 | 0. g::zz::::xzx 0.00 § 0.78sxsrrzxsx (.00 |srxraszxxxrsass (00 rrersrnzerses )00

| 1967 | 0.46 9.53 0.39 0.00 i 0.62.0.67 0.73 0.30 1 0.76 0.75 0.32 0.00 | 0.62 0.87 0.73 0.00 |

| 1968 | 0.32 :... 1.16 0.00 i 0.34 0.84 0.91 0.70 [ 0.84 0.57 0.71 0.00 9.32 ..01 1.16 7.00

| 1969 | 0.95 .33 .01 0.00 | 0.34 0.31 0.34 0.30 | 0.33tsxzzz3222 0,00 0.35 2.36 1.01 0.00

| 1970 i 1.10 L.13 1.06 0.00 ! 9.52 0.64 0.66 9.0 | 1.33 1.29 1.50 0.00 0.52 .54 0.56 0.00

| 1971 | 0.30sssrzzzxzz .00 | 0.53ssx3323x32 0,90 | 1.01 0.98 0.35 0.00 0.53sxzz323332 .00 |

L1972 | 0.78 2.0 ).36 9.00 ¢ 0.35 0.80 0.61 0.30 | 0.77 0.63 0.34 0.00 .85 2.50 0.51 0.00

973 | 0.58 3.57 2.55 9.00 i 0.55 0.83 0.66 0.0 | 0.54 0.39 0.37 0.00 .38 0.37 0.35 0.00

[ 19741 1.00 9.z0zzx22 0,00 | 0.90 0.86 0.83 0.20 § 0.78 0.74 0,78 0.00 .30 2.36 0.33 0.00

| 1975 | 0.80#xszzzzszx 0,00 | 0.76sxssszrssx 0,00 | 0.G6rssxexzazx 0,00 « 0, Bfssrzzsasss .00

| 1976 | 1.01333sr22233 0,00 i 1. 00sxxs2zaz2x ()0 | 0, 78¢x3x3%3332 0,00 ), 78szzzszzazs .00

| 1977 | 0.91txsxzzzzes (0,00 | 0.75 0.60 0.59 0.0 | 0.950.89 1.140.00 2.75 9.50 0.39 0.00

| {978 | 0.54 0.31 1.53 0.00 | 0.39 0.75 0.76 0.20 | 0.82 0.71 0.76 0.00 .54 2.51 0.53 0.00

i 1979 | 0.54 9.77 ).60 0.00 { 0.35 0.31 1.03 0.30 | 0.31 0.65 0.51 0.00 .35 .31 1.03 0.00

| 1980 | 0.83 3.77 2.72 0.00 | 0.81 0.69 0.92 0.30 | 9.5 0.89 0.72 0.00 9.53 2.70 0.72 0.00

| 1961 | 0.54 9.5 1,57 0.00 | 0.87 0.83 0.88 0.20 { 0.73 0.38 0.75 0.00 0.84 .08 0.57 0.00

i 1882 | 0.72tzzzrzzzzr (1,00 | 1.00ssxs2zexsx )0 | l.gissxszxsazz 0 00 O.723rzrzxxzzix ( (0

{ 1983 | 0.81xzzrzazzzz (.00 | 0.76%ssxxsazzx (00 | 0.84sxxxxzaaas (.00 ).76#szzzszaas .00

! 1984 | 0.65 0.340.66 0.00 | 0.89 0.88 1.13 0.30 | 0.57 0.54 0.53 0.00 * 0.65 2.54 0.86 0.00
1985 | 0.53 0.33 3.57 0.00 | 0.57 0.57 0.74 0.20 | 0.67 0.91 0.37 0.00 = 0.57 2.57 0.74 0.90
1986 |ssxxxzzxrzzeses (.00 | 0.82 0.77 0.83 0.00 { 1.47 1.13 L.11 0.00 . 0.82 J.77 0.83 0.00
1987 | 0.72%z3zzzzzes .00 | 0.3@%sxxszzzex (.00 | 1.06sszsxsrzzr (.00 0.86%xzzrzxasx (.00
1988 | 0.78 0.54 0.69 0.00 | 1.01 0,95 1.07 0.00 | 0.83 0.84 0.95 0.00 | 0.78 1.54 0.69 0.00
1969 | 1.08xzrzzzzzzy (.00 | 0.77sses3zeses (.00 | 0,73txsexsysar () 00 0, 73sszzr3333 (.00
Mean | 0.78 0.78 0,72 0.00 | 0.84 0.77 0.83 0.00 | 0.95 0.89 0.96 0.00 | 0.78 0.72 0.74 0.00
Yotes: 1. ** indicates missing data at ome or more statiom.

2. Second row of numbers are areas for the computed reductions.
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The ey station :- the analyeie is:

£-369, MNoakhali; lai

derial Reductione om

ly Rainfall (@n)

| Day Annual Maxima

Teer Pre-Kangoon ¥id-Monsoon Post-Konsoon Annuel
1195 396¢ 2044 0 | 1195 3988 8044 O ! 1195 3368 6044 O | 1195 396t 8044
1962 | trxrxrrrrzzrzet () 00 |trrzzzsixrererr () (0 |rzzesrrzzxzeesy (0 Q0 |zrtrrxyrszrixes () ((
1963 | 0.91tsrrzzzzes (.00 | O.C7eseszzrzzt (.00 | (.B1tszsxxzrexy (.00 | O.B1txrrzxexzr ( (0
1964 |rtygrxrerzoooer () Q0 |exrrrrrrexaseer ( (0 |seseyrrieexessy () Q0 |rzrrrrsrrmerzee () ((
1965 | (.4ptsrrrzrzes ( (0 |srrrzexxsxeser (.00 | O,BOsrrzixexss ( (0 |zrzrrgsrzrzexss ( 00
1966 |¥resyrrzzzocey () 00 |tryrzsirzrizret ( Q0 |seszdsrrrsersess (.00 |zrrrssstrrrirse ( Q0
1967 { 1.22 0.5 .75 0.00 | 0,68 0.7% 0.60 0.00 | 0.95 1.01 0.86 0.00 | 2.88 1.01 0.88 0.00
1966 | 0.77 0.6 2.47 0,00 | 0,93 0,66 .41 0,00 | 0.46 0,15 0.08 0.00 | 0.77 0.65 0.47 0.00
1969 | 0.88 0.7¢ £.57 0,00 | G.78 0.6€ (.64 0.00 | 0.61 C.cOxxxxx (.00 | 0.85 0. ?t 0.57 ¢.00
1870 | 0.70 0.5% ¢.52 0.00 | 0.65 0.28 0.25 0.00 | 0.55 ¢.45 0,32 0.00 | 0.55 0.45 0.32 0.00
1871 | 0.66 0.7zzzxsz 0,00 | 0.87 0.79tzrxx (00 | 0.85 (.57xxxst 0,00 | 0.85 0.57xe232 0,00
1972 | 0.82 0.8t (.68 0.00 | 0.89 0.69 0.56 0.00 | 0.73 0.85 0.62 0.00 | 0.99 0.68 0.56 0.00
1973 | 0.63 0.3¢ (.33 0.00 | 0.78 0.75 0.78 0.00 | 0.76 ¢.66 0.57 0.00 | 0.83 0.3€ 0.33 0.00
1974 | 0.86 0.7 £.93 0.00 | 1.04 0.58 0.46 0.00 | 1.38 1.36 0.99 0.00 | 1.04 0.5¢ 0.46 0.00
1975 |tresyxrsrezesesy (0,00 |seyszzssesysss Q0 |trsxsexzevsassx .00 |zrsxssxsrzszxze (0
1976 | 1.13 [.G%rzzxz (.00 | 1.26 1.1S%xrxx ( 00 |rxextrrrrrrrsxss (.00 | 1.26 1. lultztt 0.00
1977 | 0,69 0.7: C.63 0.00 | 0.63 0.5¢ 0.42 0,00 | 0.73 0,70 0.56 0.00 D 69 0.7% 0.53 0.00
1978 | 1,10 0,72 C.74 0,00 | 0.EE 0.4E 0.33 0.00 | 0.80 0.45 0.32 0.00 | t.10 0.7: 0.74 0.00
1979 | 0.81 0.3 7.58 0.00 | 1.01 0.B5 (.71 0.00 | 0.81 (.45 0.43 0.00 ! ¢ 1.01 0.82 0.71 €.00
1960 | 0.86 0.57 0.55 0.00 | 0.74 0.43 0.33 0.00 | 0.76 (.44 0.32 0.00 { 0.74 0.4 0.33 0.00
1981 | 0.B5 0.6% (.48 0.00 § 0.80 0.51 €.41 0.00 | 0.87 C.87 0,51 0,00 | 0.50 0.51 0.41 €.00
1982 |rzrrzzrrrzrzeer (0 00 |zerezrzzzeirrey Q0 |treertzzeexesss (. Q0 |rezzexsssrzrzzzae (0 Q0
1983 | 0.59 (. 2¢zrxzs 0,00 | 0.98 1.062zxxs (.00 | (.4F (.45%txz2 (.00 | 0.96 1.08xxzxz (0 00
1984 { 0,75 0.6¢ 0,55 0.00 | 0.53 0.37 0.29 0.00 ! 0.75 0,62 0.63 0.00 | 0.75 0.68 0.55 0.00
1985 | 0.72 0.63xzzex .00 | 0.84 0.67 0.45 0.00 | 0.68 0.33 0.31 0.00 | 0.94 0.67 0.45 0.00
1986 | 0.63 0.42 (.35 .00 | 0.72 0.60 0.61 0.00 | 0.76 0.62 0.48 0.00 | 0.63 0.46 0.35 0.00
1987 (xsrtfrxrrrzrsgr ) () |rerxzirrexssssr (0 Q0 |rrxsxirrrrssrsss () Q0 |rrssexsrrzrrzs (3 QC
1988 | 0.47 0.3¢ (.24 0.00 | 0.69 0.54 0.42 0.00 | 0.61 0.45 0.40 0.00 | 0.47 0.36 0.24 0.00
1989 | 0.87 0.7czzext 0 00 | 0.68 0.44%rrxx (.00 | 0,71 C.56%sxsx 0,00 | 0.71 0.56sxz2r (.00
Hean | 0.79 0.€7 0.56 0.00 | 0.83 0.64 0.48 0.00 | 0.76 0.60 0.50 0,00 | 0.83 0.6 .50 0.00
Koteg: 1. #% indicates miseing data at ome or more station.

2. Second rov of numberg ere areae for the computed reductions.




The Xey station in the analysis is:
8-369, Noakhali; Daily Rainfall (=am)

derial Reductions on 2 Day Annual Maxima

Tear Pre-¥onsoon ¥id-Monzoon ; Post-¥onsoon E Annual
1195 39686 8044 0 | 1195 3988 8044 9 | 1195 3888 8044 0 ! 1135 3288 8044 0
! 1
1962 |#sxzrstarzzaass () (0 |srssszeszssrss ) 00 |erzreasssssssss (00 |frrsresersssess 0.00
1963 | 0.86%rrzzzzxz (.00 | ! (QOtsrxzszzsr 000 | 0 8823sizzssz (.00 | 0.88%sxrzssess ) 00
1964 |frrzrersrzzzsex () (0 |terrsesesessesy 00 ‘x:::::x:z:xx:x: 0.00 |$z3ts3gs3zz238s (.00
1865 | 0.64zt3zzxrazx ( (0 |trryzrzzzxszsss (.00 | 0.39%rrszsxssz (.00 |srsrrzgsrssser (0
1966 |srsxsszrzzzesss (00 |strzrsgyzrasosr (00 |ssgzissssrsssss (00 |srsrzsssssszsz ()0
1967 | 0.77 0.34 0,52 0,00 | 0.74 1,06 0.30 0.00 | 0.98 0.93 0.78 0.00 | 0.98 0.33 0.79 9.40
1968 | 0.79 0.38 0.55 0.00 [0.33 117 1.18 0.00 ; 0.46 0.17 0.09 0.00 | 0.79 0.56 0.56 1.00
1969 | 0.28 0.310.62 0.00 { 0.8 0.98 0.89 0.00 | 0.39 0.95%z222 0,00 | 0.88 0.81 0.62 0.00
1970 | 0.20 0.72 9.75 0.00 {9.67 0.40 0.41 0.00 | 9.55 0.51 0.35 0.00 | 0.55 0.510.35 2.00
1971 | 0.75 0.32s32x2 (.00 | 0.87 0.75#xrzz 0,00 | 0.93 0.53%322 0.00 | 0.93 0.53sxx22 .00
1972 | 0.79 0.28 9.78 0.00 | 0.359.78 9.91 0.00 ' 9.79 0.27 0.770.00 | 0.85 0.73 0.81 1.90
1873 | 0.64 0.42 0.35 0.00 | 0.30 0.78 0.74 0.00 1 9.84 0,87 0.75 0.00 | | 0.64 0.42 0.35 0.00
1974 | 0.81 0.36 0.96 0.00 | 1.12 0.62 0.53 0.00 . 1,37 1.43 1.92°0.00 | 1.12 0.52 0.53 0.00
1975 |trrxxezzerzesas () Q0 |trzzeseexseres ) 00 | trsrrgssrzrsare () 00 xtz:zz: rrrzzss (.00
1976 | 1.28 1.30zxxzx (.00 | 1.20 0.94%3321 00 §!==!=*===!===1! 0.00 | 1.20 0.94zzsxx ) 00
1977 | 0.81 0.20 0.73 0.00 | .34 0.69 0.53 0.00 | 0.74 0.71 0.59 0.00 % 0.81 0.30 0.73 0.00 |
1978 | 0.36 0.35 0.52 0.00 | 0.3 1.07 0.36 0.00 ' 0.58 0.42 0.28 0.00 | 0.86 0.35 0.52 2.00 |
1973 | 0.87 0.33 0.86 0.00 | .02 9.33 .72 0.00 ¢ 0.79 0.52 0.47 0.00 [ 1.02 0.83 0.72 0.00 |
{ 1380 { 0.S5 0,33 0.69 0.00 | 7.37 0.55 9.45 0,00 + 9.70 0.43 0.49 0.00 | 0.87 0.55 0.45 0.00 {
1981 | 0.68 0.46 9,43 0.00 | .50 0.52 0.44 0.00 1 0.710.79 0.53 0.00 | 0.50 0.52 0.44 0.00 |
1982 |frzxrxsrrrresex ( 00 |ssrrzerrezsrres 00 :.x::zx:xxx::t:x 0.00 [frsrxryaseesssr ) 00
1883 | 0.57 0.353z32% 0,00 | 1,10 {.25%z222 0,00 ! 0.55 0. iﬁt==o! 0.00 | 1.10 1.2583x2x 0,00
1984 | 0.83 0.249.81 0,00 | 7.32 0.55 0,58 9.00 : 3 70 0.53 0.71 0.00 | 0.83 0.84 0.81 0.00
1985 | 0.79 0.75zzzxx 0,00 | 0.77 0.52 0.46 0.00 | 9.77 0.81 0. 4E 0.00 | 0.77 0.62 0.48 0.00
1886 | 0.75 0.490.36 0.00 | 0.85 0.91 0.86 0.00 | 0.76 0.71 0.58 0.00 | 0.75 0.49 0.36 0.00
1987 |arrzrerzzzesss () |sastresgessrsss () 00 |S33IITIITRLILXT ) 00 | Frsxsssssasesss (.00
1988 | 0.47 0.45 0.34 0.00 | 0.55 0.51 0.41 0.00 i 0.77 0,61 0.55 0.00 | 0.47 0.450.34 0.00
1989 | 0.94 0,33tzsxz (.0 | 0.84 0.50%2222 (.00 ‘ 0.79 0.69sxx2x 0.00 | 0.79 0.69ss*2x 0,00
¥ean | 0.81 0.72 0.63 0.00 | 0.38 0.78 0.86 0.00 ‘ 0.79 0.70 0.56 0.00 | 0.84 0.70 0.55 0.00
fotes: % indicates missing data at ome or more station.
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econd row of nusbers are areas for the computed reduetions.




The Eey station in the anmalysis is:
B-369, Noakhali; Daily Rainfall (mm)

feriel Reductions on 4 Day Annuel Maxipe

| Tear

Pre-Komsoon

Mid-Nensoon

Post-Monsoon

|

Annual
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TrrzagrraRzasss (.0
0.87xxxersrsxs .00
rrrrerexsesees (.00
0.77¢sstzatest 0,00
frrezrsesesss .00
0.%5 1.00 0.89 0.00
0.76 0.29 0.24 0.00
(.94 0.889zrexz (.00

0.82 .87 0.68 0.00
0.93 0.63s3322 (00
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0.6 0.94 ¢.82 0.00
1.16 1.11 0.85 0.00
rrzzzzyyzaseeey Q. Q0
rrrzzrzexsszer (.00
0.74 0.71 0.61 0.00
0.94 0.59 U 46 0.00

:
Ofzrzz 0,00
5 0.58 0.00
6 0.56 0.00
0.87 0.75 0.00
rrxrreerxrerexs (00

0.78 0.63 0.54 0.00

0.65 0.7532222 0,00

GQQHDGQ

0.76 0.60

0.81 0.51

0,77 0.8

11t Sltxttt U 00
0.88 0.7

0.64 0.5

0.98 0.6

0.8

9
4

s3xsszsesesaees .00

0.87tzxzezzxss (.00
srzzsrexseses (.00
rrxrraessrsssss Q00
frerzznezsseaay (.00
0.85 1.00 0.88 0.00
0.86 0.74 0.67 0.00
89 0.78 0.60 0.00
82 0,87 0.68 0.00
82 0.91%zxz3x (.00
83 0.73 0.77 0.00
67 0.48 0.44 0.00
64 0.56 0.00
xrrrzzr (.00
9rxxrz (.00
0.86 0.00
0.00

0.89 0.
0.82 0,
0.82 0.
0.82 0.
0.67 0.
1.14 0.
frrrzn
1.16 0.9
0.84 1.01

(.88 0.64 0.60
1.09 0.88 0.79 0.
0.86 0.69 0.59 0.00
0.66 0.64 0.540.00
sryzrszresessss .00
1.10 1.36%2252 (.00
0.96 0.80 0.70 0.00
0.82 0.81 0.70 0.00
0.73 0.57 0.45 0.00
PrEREsEsEsRsLs (00
0.67 0.34 0.28 0.00
0.85 0.75%x332 (.00

14
1
1
8
g
0
8
]
E
1
8
8
7
H

Mean

0.86 0.85 0.69 0.00

0.91 0.840.72 0.00

0.87 0.76 0.65 0.00

0.89 0.79 0.63 0.00

Notes:

1. % indicates miseing data at ome or more station.
2. Second rov of numbers are arsas for the computed reductions.

p——




The fey static: in the analysis ia:

R-369, Noakxhai::

Daily Rainfall (mm)

Aerial Reductiang on 3 Day Annval Maxipa

-
Tear Pre-¥ongoon ¥id-Hongoon Post-¥ongoon | Annual
1195 3:68 8044 0 | 1195 3988 8044 0 | 1195 3986 8044 0 | 1185 3988 8044 0
1962 |stxzyrzrzzsrrzs ( 00 |3zzzixrixsesess .00 |ssrzzrxiszzzsss (.00 |sxxzsxszssxssaz () Q0
1963 | 0.85trzrxzxrex (). 00 | L. 16%sfsxzzzzx 0,00 | 0.27ssxszxzzzx .00 | 0.87sseexsxr1z (00
1964 |frzzrrazzesrses () Q0 |trrsrxxrersxsss 0 00 |txzisrrrssssasx (. Q0 |frxezrzssrssess Q0
1965 | 0.38tzzzszxxzs (00 |trzxsrrrrssesz ) 00 | 0.78tssttztses (.00 |ssrtrsrssasases (.00
1966 |tszzayzmxezsaas (00 |rzzrssysesssssx {00 |sxxrrazzsaazosr ( QQ | ssxrrzaszzsasss ) (0
1967 | 0.38 1.)6 0.79 0.00 | 0.75.1,18 0,32 .20 | 0.33 0.94 0.34 0,00 ]. 0,35 0,84 0,34 0.90
1968 | 0.20 0.33 0.81 0.00 | 2,83 1.10 1.02 2.90 | 0.47 0.18'0.10 0.00 | 0.30 0.69 0.81 2.00
1969 | 0.35 0.37 0.63 0.00 | 2.84 0.88 0.80 2.00 | 0.35 0.85¢2s2x 0,00 | 0.85 0.87 0.85 0.00
1970 | 0.6 ¢.77 9.77 0.00 | 0.69 0.48 0.49 2,20 | 0.74 0.77 0.55 0.00 | 0.74 0.77 0.55.0.00
1971 | 0.74 0.28xx2x 0,00 | 0.80 0.82fxxxx (.00 | 0.33 9.74rxxxx .00 | 0.33 0.74%x112 0,00
1972 1 0.30 1.)5 0.86 0.00 | 2.95 0.950.32 200 | 1.16 1,19 0.91 0.00 | 0.85 0.35 0.32 0.00
1973 | 0.35 7.:6 0.40 0.00 | 9.85 0.82 0.79 2,20 | 0.36 1,01 0.89 0,00 | 0,55 0.46 0.40 0.00
1974 | 0.33 0.312x222 0,00 | 1.14 0.64 0.55 2.00 | 1,21 1.04 0.81 0.00 | 1,14 0.54 0,56 0.00
1975 (trxxsrzzzerrxer () (0 |rxsrygrssssxax § 00 |rrzxzzxesrrsssx Q0 |xxxxsssssssaax () 00
1976 | 1.30 @.30%=3xz (0,00 | 1,22 0.933zxzx § 00 |sxzzzzszszzasss (.00 | 1.22 0.93#3313 000
1977 1 0.33 0.37 0.82 0.00 | 7.88 0.80 0.54 £.00 | 0.74 0.71 0.59 0.00 | 0.33 0.97 0.82 0.00
1978 | 0.30 0.35 0.61 0.00 { 9.96 1.18 0.32 5.90 | 0.31 0.49 0.36 0.00 | 0.90 0.55 0.51 0.00
1979 | 0.35 0.35 0.70 0.00 | £.02 0.87 0.75 0.00 | 0.77 9.57 0.53 0.00 E 1.02 0.87 0.75 0.00
1980 0 92 9.34 0.63 0.00 | 0.91 0.84 0.52 2.00 | 0.38 0.47 9.50 0.00 | 0.31 0.64 0.32 0.00
1981 | 0.73 0.33 0.50 0.00 { 9.66 0.59 0.50 2.00 | 0.76 0.83 0.61 0.00 | 0.66 0.59 0.£0 0.00
1982 |stzxsrzzziyessr ( Q0 |zzrsxsssrsszazs [ 00 |sesssssesesiass (.00 |xssssexsesseess (.00
1963 | 0.354 0.51%x222 0,00 | L.11 1.36sxxzx 000 | 0.30 0. Eﬁtm* 0.00 | 1.11 1.3622212 0,00
1984 | 0.28 2.37 0.91 0.00 | 2.78 0.71 0.57 7.00 | 0.73 0.71 0.74 0.00 | 0.76 0.71 0,57 0.00
1985 0 30 0.72¢xx22 0,00 | 2.91 0.88 0.50 2.00 | 0.37 0.68 9.56 0.00 | 0.91 0.88 0.50 0.00
1986 | 0.74 0.52 0.40 0.00 | 0.84 0.85 0.76 0.00 | 0.76 0.81 0.68 0.00 | 0.74 0.52 0.40 0.00
1987 rsrTrsTiencs 0.00 |serxrzseessssss [ Q0 jsezzzrrzsrrsszs (.00 |Fexsssszsssssss .00
1988 | 0.50 0.35 0.45 0.00 | 0.62 0.29 0.25 3.00 | 0.30 0,70 0.64 0.00 | 0.50 0.55 0.45 0.00
1989 | 0.38 0.33%xx22 0,00 | 2.83 0.62%2xxx .00 | 0.38 0.73sxxx2 0,00 | 0.89 0.73%r122 (.00
Nean | 0.83 0.79 0.65 0.00 | 0.90 0.83 0,59 2.00 | 0.84 0.74 0.62 0.00 | 0.88 0.77 0.61 0.00
Notes: 1. %% indicates mieeing data at ome or sore statiom.

2. Second row of numbers are areas for the computed reductions.



\ )

T

The Eey
F-369,

guation in the enelysis ie:
Noathali; Deily Raizfall (mp}

Aerial Heductions on 5 Dzy Annual Kaxime

2. Second rov of nusbere are areas for the computed reductions.

Tear Pre-Konsoon Mid-Nonsoon % Post-Noneoon Annual

1195 3986 6044 ¢ | 1195 3988 8044 0 ! 1195 3988 8044 0 | 1185 398 8044 0
1962 [serexrszrrrzesr ( (0 |sereresgzzsezss (0 Q0 ix:zzx:z:txtxtx: (.00 |=zrxrzxyrrzrists (.00
1963 | l.19sxxxxzzzzx (.00 | 1.01zxtxssexes 0,00 | 0.B7srzexsrser 0,00 | 0.§7tsezzresss (.00
1964 |srrzzzzzsezzexy () (0 |rergzeesseresy O (0 |srrrerzzzzeeses 00 |trrzzrzrrcessss .00
1965 | 0.B0xztxsrzzzt ( (0 |zrsrrresrrzerzs (.00 | (. pQtrzrrrzrrr ( 00 |trgrtzzrrzzirss .00
1866 |srzxezszrzzeesy ( (0 |sxzszsssessssss (0 Q0 |sexeesexexreszr () QQ |xesgsxsrzzerzes Q0
1867 | C.B4 0.86 (.66 C.0C | 0.9¢ 1.02 1.02 0.00 | €.95 :.00 0.82 0.00 | 0.96 1. u: 1.02 ¢.00
1968 | 0.88 0.Bl C.75 C.0C | 0.B6 1.07 1.02 €.00 { 0.76 (.31 ¢.28 0.00 | 0.88 0.8 0.75 0.00
1969 | €.86 €.90 (.67 0€.0C | 0.83 1.11 0.85 ©.00 | 0.94 C.83s2xzz 0,00 | 0.88 0.97 0.67 0.00
1870 | C.86 1.04 C.BB C.0C | 0.74 0.58 (.54 €.00 | 0.78 0.86 0.66 0.00 | 0.79 0.85 0.66 0.00
1971 | C.76 1.03=xzxx (.0C | (.80 O,B7szx2z (.00 | 0.93 .73s232x (.00 | 0.89 0.87tre2s (.00
1872 | C.63 1.04 .85 C.0C t 0.63 0,73 0.80 0.00 { {.10 :.24 0.85 0.00 | 0.83 0.72 0.80 0.00
1873 | C.B2 0.72 (.58 .0C | 0.B1 0.84 (.80 0.00 | 0.86 1.08 0.9% ¢.0C | 0.87 0.7% 0.59 0.00
1974 | .96 1.1tzzxex (.00 | 0.86 1.00 0.92 €.00 | 1.08 1.04 0.78 0.00 | 0.88 1. Uv 0.92 0.00
187f |rzzzzzzezzzzazs ( Q0 |exszrsseessasy Q0 |ssreszzzzesssss (00 |xesssssrzzszsss (.00
1876 | 1.15 1.3Bsz323 (.00 | 1.15 0.99%xz:s (.00 |rsszzzzzzezezss (.00 | 1.15 0.39%%3ss (.00
1877 | C.88 1.05 .81 €.0C | 0.78 0.72 0.56 0.00 | 0.74 0.71 C.6: 0.00 | 0.86 1.0% 0.91 0.00
1876 | C.88 0.68 (.65 0.0C [ 0.9¢ 0.83 0.58 0.00 | €.82 0.55 0.50 0.00 | 1.04 0.52 0.68 0.00
1676 | .84 G.B3 (.85 C.00 | 1.06 G.87 .76 0.00 | 0.76 6.56 0.5¢ 0.06 | 1.08 0.57 0.76 0. 00
1880 | €.50 0.65 C.66 €.00 | 0.80 €.66 0.54 .00 I 0.95 0.85 0.65 0.00 | 0.90 0.58 0.54 0.0
1981 | C.78 Q.65 C.57 (.00 { 0.8 0.72 .50 0.00 | 0.B% 0.90 0.67 0.00 | 0.80 0.72 0.60 0. Oﬂ
1862 |zxzzzrzzzrrzzzy ( (0 |rzerrxzxrrsrersr ) (0 |srsesesssesssry (.00 zzxxxx::z:t:t:z (.00
1863 | (.80 C.78=2z223 0,00 | 1.13 1.36%zz22 0,00 | 0.89 0.78%x32: (.00 | 1.13 1.35%2%22 0.00
1884 | €.87 C.B3 C.65 0.00 | 0.94 0.96 0.76 0.00 { 0.67 0.62 0.62 0.00 | 0.94 0.95 0.76 0.00
1885 | €.80 O.71sexzx 0,00 | 0.92 0.92 (.68 0.00 | 0.98 0.72 0.60 0.00 | ¢.82 0.92 0.69 0.00
1986 | 0.74 0.58 0.46 0.00 | 1.01 1.01 0.94 0.00 | 0.84 0.98 0.83 0.00 | 0.74 0.55 0.46 0.00
1967 |sszsszazssasass (.00 |sexsszssssessss (.00 |srsssssssssssss ( 00 |fstsszsssssssss .00
1986 | 0.51 0.58 0.52 0.00 | 0.77 0.45 0.35 0.00 | 0.80 0.65 0.57 0,00 | 0.51 0.58 0.52 0.00
1889 | 0.96 0.98%s3%x 0.00 | 0.B1 0.73tz32x 0.00 | 0.85 0.76%xxs2 0.00 | 0.85 0.758xs2% .00
Mean | 0.86 0.86 .70 0.00 { 0.81 0.87 0.74 0.00 | 0.88 0.81 0.68 0.00 | 0.89 0.85 0.71 0.00

Notes: 1. #* indicates missing data at onme or more station.




The Iey station in the znalysis is:
B-369, Noakhali; Daily Zainfail (=z)

derial feductions an

7 Day Annual Maxzima

Tear Pre-¥onsoon Mid-Mongoon | Post-Homeoon tnnual

1195 3988 3044 0 | 1195 3988 8044 0 { 1195 3988 8044 0 | 1195 3988 8044 0
1962 |szrzrzexseszees () (00 |3x$rzssessssses (.00 i:xxx:x::::xxt:x 0.00 |ss3zxzrzveessas (.00
1963 | 1.29%xszzez3xx .00 | Q.79txzxrzzszx (.00 | 0.92rzzxzxseex .00 | 0.92%szzszzzss (00
1964 |trrsxsssserasss 00 | fxszzrssxszsses (.00 i:zxtx::tztx::s: 0,00 |srrzsxrzsrzrzzs ()00
1965 | 0.84%ess2s2szs ) 00 | srxaszzxzrzrsaz () | 0.8rxxxzxzasx (00 |srszxsrrnnazaar (.00
1366 |srsxzyzassasss (00 |¥TXILLOIIILN22T 0 00 | rrrszrzzaeesest 000 (srssrssneneass (00
1867 | 0.86 0.87 0.58 0.00 { 0.28 1.03 .05 0.00 } 0.95 1.00 0.89 2.00 | 9.96 1.93 1.05 0.00
1868 | 0.88 0.82 0.76 0.00 | 0.92 1.18 1.16 0.00 - 0.81 9.87 0.70 2.90 | .88 0.32 0.76 0.20
1969 | 0.88 0.86 0.65 0.00 | 0.98 1.19 1.02 0.00 | 0.88 0.85%x%2x ).00 { 0.38 0.36 0.85 0.00
1970 | 0.85 1.01 0.88 0.00 | 0.85 1.07 1.01 0.00 ? 0.30 0.92 0.70 2.00 | 2.74 0.35 .51 0.00
1971 | 0.78 1.03xf2zx 0,00 | 0.86 0.83%%232 0.00 | 0.93 0.74s3332 0,00 [ 9.36 03353332 0.00
1872 | .82 0.96 2.37 2,00 | 0,83 0.86 0.86 0.00 ' 1.26 !.19 1.02 9.00 | .32 1.36 0.37 4.00
1973 | 0.78 0.66 9.35 2.00 | 0.88 1.01 0.93 0.00 | 9.89 1,02 0.93 9.00 | ).78 7.36 0.55 0.90
1874 | 0.36 0.85%x2zx )00 | 0.38 1.03 0.94 0.00 ' 1.05 1.05 0.82 2.20 | 2.88 1.23 0.24 0,20
1975 xxxxxxxxxx:zx:: 0.00 !sxtsrzzzzzesess () (( | tresesssxssssss 0 00 |rrsrzrrzsszsss (.00
1976 | 1.11 1.35%tz2x .00 | L1.i7 1.06%tfst Q.00 | ttsxexessssexs .00 | 117 L.J6esxrs (.00
1977 | 0.83 1.06 0.24 2.00 | 0.94 1.01 0.81 0.00 « .50 0.48 0.39 0.00 { 2.24 1.01 0.31 0.00
1978 | 0.49 0.66 0.561 0.00 | 0.33 0.84 0.54 0,00 = 0.93 9.87 0.51 2.00 | 3.34 2.30 9.52 0.90
1879 | 0.33 1.01 1.00 9.00 | 1.24 1.04 0.33 0.00 + .75 .63 0.59 3.00 | .2¢ {.340.33 0.00
1880 | 1.09 0.90 0.33 0.00 | 0.90 .75 0.83 0.00  0.35 0.85 0.72 2.00 | 9.30 .75 0.83 0.20
1961 | 0.97 0.97 0.74 0.00 | 0.77 0.75 0.51 0.00 ! 2.74 0.78 0.509.00 | 9.77 0.75 0.51 0.90
1582 frrzsyysrizzoc ) Q0 |TR:frIiirrisIsir 0.00 'ziztzrzirrxzes ). 00 |TIIrazITnfry 0.00
1983 | 0.20 0.79%zz2z 0.00 | 1.12 1.30%2222 000 | 0,32 9.328%22s 3.00 1,17 1.3083328 (.00
1984 | 1.02 1.03 1.%0 9.00 | 0.93 0.95 0.79 0.90 | 7.68 0.62 0,63 2.90 | 2,93 9.35 0.79 0.50
1985 | 0.50 0.753%2zx 0,00 | 0.93 1.00 0.77 0.00 ; 1,07 9.83 0,59 0.00 | 9.83 1.30 0.77 0.00
1986 | 0.78 0.65 0.50 0.00 | 0.88 0.79 0.74 0.00 | 0.83 0.97 0.79 0.00 | 0.78 0.55 0.50 0.00
L1987 |sszzzzazzsssacs ()00 |E3sdzsizadszss 0,00 | re3ssesissssass (.00 |sssesrzasssssss (.00
1888 | 0.52 0.62 0.56 0,00 | 0.76 0.49 0.43 0,00 ! 0.79 0.72 0.63 2.00 | 0.52 0.52 0.56 0.00
1989 | 0.33 0.912zzxz 7,00 | 0.80 0.74#x822 0,00 | 0.85 0.76%2333 0,00 | 0.85 0.76%3xxx 0,00
Mean | 0.80 0.89 0.76 0.00 | 0.92 0.95 0.83 0.00 \ 0.88 0.83 0.71 0.00 | 0.90 0.88 0.73 0.00

Notes: 1. 2% indicates missing data at one or more statiom.

2, Second row of numbere are areas for the computed reductions.



The Key station in the anzlysis is;
E-369, Noakball; Daily Reinial! (om}

| Aerial Reductions on i0 Day Annual Mazime

| Year

Pre-Hongoon

¥id-Konsoon

“ogt-Y¥onsoon

Annual

1195 3988 8044 0

1185 398 8044 0

1195 3988 8044 0

1195 3988 804¢ 0

1962
1963
1964
| ? 1965
| | 1966
| 1967
1968

- 1968

1870

| 1971

1972

1873

| 1974
18735

- 1876

! 1877

' 1978

'+ 1978

1980

1961
1982
1983
1984
1985
1986
1987
1988
1989

trrrrrrsresesss 00

terreeeezrseses ( (0
(.75%srxexrres (00
freresrestesess (.00
0.81 0.54 0.71 ¢.0¢

frerrrrILLIIELY 00
1.05 1.23%kxxt (.00
0.85 1.11 0.9€ 0.0
1.08 8,8
0.95

I 1,07 1.

1.06 1.02 0.8 0

0

o o

0.77
0.90
1.00

0.88 0.84sxxxz (00
0.86 0.87 0.71 0
0.80 0.75%%%2% .00 |
0.74 0.61 0.47 0.00
treseererseses ) (0
0.53 0.63 0.60 0.00
0.90 0.93e2t2x .00

1.19tsssxzxees 000 |

0.94 u.BTtxzxt c_|&.

0!

TITTITITLITIILL u_ju
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=

[trizzgreeresess (0
| 1,08 1.00%2xx2 0,00
;c35095075000
[ .00

P

H
£
b
74
£
I

0.00
frzzrr (.00
02 0.85 0.00
86 0.75 0.00

G.
¢
1994
T
1
Le
0.

2

10.86 0.81 0.00
rrrrrsessszs (.00
3 0.56 0.43 0.00

9
§
8
4
1
75 0.70tzxxzx (.00

{
0.
0.
1
0.
0.

rrrrrrrrerserex ) 00
0.841xexrtzzzz (0 00
rrxxrrxrrerzser ) Q0
0.Btrzrtrrrzzz () (0
Txzerexxsesrer (.00
0.82 0.79 G.8% 0.00
0.91 0.72 0.€8 0.00
0.85 0.B2sxz2z (.00
0.7¢ 1.63 (.63 0.00
0.83 0.T1zz12z 0,00

0.86 1.04 6.9! 0.00
1.05 1.08 0.84 0.00
rxrrrraseesrsar ), Q0
1.20 1.24**3!! 0.00
0. BE 0.52 0.42 0.00
.00

B
T4 00
T Xt!t:t!!ttx .00
.66 0.89t2zx2 0,00
.67 0.62 0.63 0.00
1.10 0,84 0.71 0.00
0.87 1.06 0.93 0.00
srarnrerazez (0
0.82 0.75 0.65 0.00
0.67 0.83%x712 0.00

rrexssresteane 0 00
0.94stextzrxez 0,00
rrrrrrrzesraess () (0
grrrsssezerrees .00
sgeexsssssserse (.00
0.84 1.11 1.01 0.00
8 0.86 0.79 0.00

~

0.
0. g
0. ]
0. 8
0. 84 (.88 0.00
0. 73 0.83 0.00
0. 90 0.80 0.00
133 1
0
g5
g
7
8

5
6
6
2
90.73
9
Tirrrises ﬂ ﬂﬂ
§ 1.00xxzxz (.00
0.75 0.00
L 66 0.00
1 0.00

0.
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0.
0.
0.
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0.
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i
0.
0.
E
0.
0.
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.
0.

F
v
&
E
o
4
fa)
Y
b 4
o
U
n
'
"
o

8
g
1
8
8
7
8
b 4
0
8
8
B
8
X b4
15 1.2
87 1.0
94 0.9
1

1
§
4
2
8
4
t
5
1
4
4

0.61 0
serszssesezenn 00
73 0.56 0.43 0.00
0.87 0.83t+zrxz 0,00

1.
0.
0.
i
0.
0.
1z
1.
0.
0.
0.
b
0.

PIRSE] ESMPETE) TR TR

§ 0.69 0.0C !
3 0.830.00 !
Asexer 000 ¢

Kean

0.89 0.89 0.77 0.00

0.93 0.81 0.77 0.00

0.82 0.85 0.72 0.00

0.91 0.89 0.72 0.00

Notee:

1. tt indicates missing data at one or more stationm.
2. Second row of numbers are areas for the computed reductions.




The ey station i the analysis is:
8-377, CSomaimuri; Daily 2ainfall {mm)

er:ial leductions on

| Jay Annual Maxiza

fear l Pre-Hongoon Mid-Y¥onsoon Post-¥onsoon Annual
! 642 969 2023 7475 642 969 2023 7473 | 642 369 2023 7475 | 642 969 2023 7475
|
1962 |trzrezesseressessees TILTLLCILAITIILLXXIIT | LLATIDILLILALILLLI2L | LXTLXXILL2TLLLTTLI0L
1963 | 1.04 .0Zrrxxxzrzzz | () §] 0.§6tzzzxeassr | (07 0,80 0.58%xsxx | (.87 0.80 0.58%%222 |
(064 |TTPXITTIITIITITLOIND | LXLTLILITLLTTLLLLLDL | STTLLTLLLLTIALLLLLLT | SXETLLTTLLTLALLLLLLL
1965 | 1.01 0.87 0.§7esrer |exsxesexsrssrzsasass | 1 01 1.00 0.838848% | teseasssrsressnanaay |
1955 1$3404450834400003¢¢ B $444434¢8¢8388448041 iﬂ!!!“!“!!!““l!l I“IXISIH:HI:!ZI!!I
1967 | 1,09 0,88 1,12 0,50 | 1.161.00 0,01 0.67 ! 1.00 0.97 0.99 2.87 | 1.90 2.97 2,99 0.87
1968 | L.11 .10 1.17 0.95 | 0.82 0.55 0.47 0.41 | 0.79 0,77 0.69 0.24 | 1.11 1.10 1.17 0.95
1968 | 1.83 0.82 0.87 0.74 1 0.75 0.58 0.36 0.26 | 1.05 1.27 0.96 0.70 | 9.93 0.82 2.87 0.7¢
1970 | 0.88 0.75 0.73 0.74 | 0.72 0.53 0.46 0.28 | 0.32 0.32 0.57 0.59 | 0.92 9.32 ).57 0.58
1971 | 0.84 0.70 0.73 0.51 | 0.33ssxsxszzxzzzasx | | 01 0.74 0.68 0.53 | 1.01 0.74 2.88 0.33 |
{1872 1 .86 0.20 0.99 0.34 } 1.02 0.730.75 0.59 ¢ 0.38 9.45 0.24 0.18 | 1.02 0.73 2.75 0.39
1973 | 0.86 0. 52 0.54 0.2 0.30 0.84 0.74 0,51 1 1.02 0.35 1.29 1.01 | 0.36 0.62 .54 0.39
1974 | 0.68 0.450.50 0.28 | 1.08 1.09 0.35 0.50 « 1.13 1.12 0.81 0.69 | 1.08 1.99 3.85 0.50
1975 | 0.78 0. g!:tx!SXX':z 0.05 0.3f%rzzsegess | (.07 1. 01sssesssess | 0. 05 0 35:ssesisss
1976 | 0.88¢zsrsrexzsssses | | (JRETLIILLILLLITL | LXTASTLLLLILTLLALLLL i 0.5BterILITIRRRLITL
1877 | L.00#szzzzzxxsrszzr | 100 0.83 0.22 0.64 ' 0.87 0.73 0.99 0.94 | 1.Q0rssxsxzeeesress
1978 | 9.80 9.72 0.74 0.42 | 0.70 0.54 0.30 0.50 i 0.32 0.75 0.60 0.36 { 0.80 0.72 .74 0.42
1979 1 1.89 0.82 0.72 0.45 | 1.09 1.00 0.31 0.73 1 0.58 0.35 0.63 0.43 | 1.09 1.0 .91 D.TEE
| 1980 | 2.73 0.48 0.24 0.7 | 0.39 0.670.53 0.31 ! 1.170.94 1,03 0.72 | 0.39 0.57 0.69 0.31 |
| 1961 | 2.70 ! ul 1.23 0.32 | 1.30 1.06 0.33 0.56 ' 0.70 0.47 0.28 0.38 | 1.30 1.5 2.53 0.36
1982 |IEIFITIIITIITITLIILL | EXFLALTLIILLTITLLLLLY | LX T IR ILITRTILIIRLILEILY ':::x:x:x:::xxzxz::xx
1983 | D.70%2aysxrzessecar | 1 10sEsssstenasssss : 0. 313zITITTILLRLRL 1 1.1G3zr33azn3RI3L
1984 | 9.90 0.35 0.39 9.39 | 0.81 0.96 0.79 0.84 | 0.720.34 0.92 0.76 | 0.81 9. ’R .79 0.54
1885 | 1.00 0.30 0.44%2zzxx | 0.89 0.75 0.76 0.48 ; 0.73 0.80 0.62 0.28 | 0.39 0.75 0.76 0.49|
1986 | 0.94 0.71 0.76%2x2% | 0.83 0.68 0.45 0.36 | 0.890.75 0.99 0.82 | 0.80 0. 35 1.25 0.36
i 1987 |ffTTTITTLITLITIILITL | TAITITXTLAIITILILILT | SXTLILIIILLLLILLLLLL | IITTITLTLLITLITILLLL
1988 | 0.68 0.45 0.28 0.11 | 1.01 0.85 0.81 1.00 j 0.94 0.63 0.63 0.66 | 0.68 0.450.28 0.11
1969 | 0.69 0.46 0.33%zxzs | 0.80 0.80 L.06%xxiz } 0.91 0.70 0.74s23xx | 0.81 0.70 0.7483212
Hean | 0.87 0.77 0.72 0.59 | 0.94 0.80 0.72 0.53 ! 0.910.83 0.76 0.60 | 0.95 0.84 9.77 0.58
Notes: * indicates zissing data at one or more station.

1.3
2, Second 20w of numbers are areas for the computed reductions.
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The fey station ir the amaiyss ie:
. conajsuri: Daily Raici:l [me)

N onee
AT

aerial Reductions or 2 Day ‘-nual Naxima

Tear Pre-Monsoon Hid-Monsoon Post-¥onsoon Annue!
642 969 2023 7475 } 642 969 2023 7475 642 960 2023 7475 642 969 2073 T475
! 1
! 1907 |sxrtszeexssssreresss 5:::nuutxxtm::xx TITXTITIFTTLINDINEIRS | RXLTTITTILIFTILZER5SS
1963 | 0.98 0.93zxszzzaxsr | [ B8 0.89%rextrrsss 0.92 1.21 1.03%3233 | 0,92 1.21 1.03txssz
1964 | X2TTLLLLLLTILLLLLLLL | rITLLTLLLTLLLLILLIL TRATLITIATIINIILLLLL | ZXRITISRSTTIIIILLLSE
| 1965 | 0.92 (.30 0.c5ettrs {:x:zzxxxtttt:t:xxt:x 1,03 1,07 0.85828ss |23essesssznssrsssyes
1965 |st¥rtstseectacessess ;:::xnxuu:xx::r:xx FITITTLLNLITITAAII0 | QT TITTIXILIICZITILLILLY
1967 1 1.00 0.88 113 0.62 | .19 1.15 1.00 .90 ! 0.96 0.89 0.90 0.76 ! 0.96 0.8¢ £.90 0.76
| 1968 | 1.17 1.25 1,34 1.07 | :.08 0.78 0.78 0.4¢ .78 0.77 €.69 0.24 | 1.17 1.25 .34 1.07
{ 1868 | 0.87 0.76 0.78 0.62 | ©.81 0.71 0.49 0.47 1,08 1,18 1,00 0.73 | 0.87 0.76 ¢.7¢ 0.62
! 1870 1 1.02 0,96 1.05 0.99 | ©.83 0.71 1.04 0.85 | 1.04 1.16 075 0.77 1 1.04 1.16 0.7 0.77 !
| 1871 | 0.89 €.85 0.63 0.60 | ..B3srsrsrszssszses 1.07 0.77 (.82 0.87 | C.B3ssxrrrzzzzzrraz
! 1372 | 0.87 0.83 0.97 1.03 - .02 1.07 0.98 0.85 | 0.8 0,47 G.44 0.38 1 L1.02 1.07 6.3¢ 0.58
| 1873 | 0.95 1.08 0.94 0.5% [ (.94 0.93 0.92 0.7¢ | 1.00 0.80 :.07 0.98 | 0.9 0.85 ¢ .¢ 0.7
{ 1874 | 1.08 0.98 1.08 1.29 ! :.01 1.08 0.81 0.48 | 0.99 0L O.TL 0.57 ) 1.01 1,08 .5 0.48 |
[ 1975 | 0.80 0,7dzzexrzgess | 203 0.91tsextszser 1.01 L. 34zzrasxnsss 1,03 0,8 rrsezettns
‘ 1975‘ 0.70f2xzexxtzressss © ¢ ORfyregreLesarsss TITXTITLLATIDNINLLLY | () J0rrtrtrrrrrzgessy
I 1877 | 0.94ssxarzstzezeses - 04 0,92 1.01 0.87 0.86 0.74 0.96 0.82 | 0.94sxgxrrxzzzzress
| 1878 | 0.86 0.7¢ 2.7¢ 0.5 .78 0.61 0.66 C.78 | 1,08 0.BC 2,89 0.51 | C.86 0.7¢ ¢ C .52
1879 | 0.82 0.87 0.78 1.01 .00 0.90 0.85 C.87 0.68 .56 0.68 0.52 | 1.00 9.9C ¢.:% Q.67
1880 | ©.73 0.60 9.55 0.27 = :.92 0.91 0.84 (.58 (.97 0.82 0.88 0.46 | ©.92 2.9¢ .24 (.58
1881 | 1.06 1.53 1.20 0.87 .10 0.85 0.61 0.57 | 0.71 0.47 0.50 0.43 | 1.10 0.85 ¢ 7! 0.57
1982 |egzxrtrorzessossesor | rizerttrrttIsLtTeLes FIITIETITTIIIDRNNNELY | ETiInriirsrioizizsis
1983 | 0.7T0sszrzzrrrezrry | @ (lzerssssssssrsss (.94reszeozzzessass | 1 Qlerezszzeccestrr
1884 | 0.76 0.52 0.43 0.40 | 7.B1 0.85 0.78 0.71 0.80 0.80 0.79 0.55 | 0.81 0.85 ¢.7¢ 0.7¢
1985 | 0.92 1.14 1,732x21z [ £.89 0.84 0.84 0.63 | 0.74 0.85 0.65 0.29 | 0.98 0.84 .82 0.63
1386 | 0.90 0.66 0.98t*xxs | 1 05 1.07 1.03 0.79 0.81 0.79 1.05 0.97 | 0.80 0.66 0.08sszss
1967 [FRRXL2LILTTIXLILILLL | IITITLITLLLLALLIIONL | SLTLATIRLITILIRLLSSY srrrrITrTITIIICIILIIOL
1988 | 0.71 0.47 0.28 0.15 | 0.87 0.71 0.61 0.73 | 0.97 1.02 1.06 .87 | 0.87 0.71 ¢ 510,73
1989 | 1.09 0.75 0.90%xxxs | : 47 1.4] 1.58tsxsz | 1.03 0.88 1.17s3xzs | 1,02 0,99 1.:7ts2s:
Nean | 0.91 0.86 0.88 0.72 | 1.01 0.91 0.88 0.67 | 0.92 0.87 0.84 0.62 | 0.96 0.93 .50 0.68
Notes: 1. #* indicates missing data at one or gore station.

2. Second row of numbers are areas for the computed reductions.




The ey

R-377,

ztation in zhe analysis is:
Sonaimuri; Daily Rainfall (mm)

derizl Reductions on 3 Day Annual Mazima

Tear | Pre-Homsoon

Hid-¥ongoon

! Pnst-%¥onsoon

Annual

| 642 969 2023 1475

|
1 §42 969 2023 475

§42 969 2023 7475

642 969 2023 7475

1962 | trxryrsszrzaTrTLLIN
1963 | 1.02 0.99%z2esrsess
1964 ':zzx:t:xxxtxxxxx:xxx
1965 : 0.92 0.88 0.78%t11z
106F  trrTrrIeererTLIILLLLIL
1967 | 0,04 1.01 0.36 0.01
1968 1.20 1.20 1.16 0,38
1969 * 0.87 0.87 0.84 0.67
1970 ' 1.02 0.96 1.05 0.89
1871 ¢ 0.92 0.66 9.69 0.99
1972 ' 0.86 9.86 1.00 1.!8
1973 1.02 1,32 1.32 1.23
1974 | 1.18 1.25 L.31saas
1975 ' 0.84 0.73sz2tae3211
1976 * 0.T73stssaszasressey
1977  0.04rsrrrszesrssess
{1978  0.38 2.80 0.88 9.57
1879 . 1.01 0.31 0.80 0.33
1980 ' 0.72 0.62 0.76 0.39
1881 © 1.05 1.42 1.24 0.96
1984’. ItrLsrIIILITITILIRLILLIY
1983 ? 0.70%trsgtzT02088T |
1284 | 0.95 0.86 .04 0.0 |

1985 | 0.86 1.06 L.1G8z312
1986 | 0.90 0.66 0.98sassz
1987 | '1trrrrisrrrresrinc

1933}

L |

0.74 0.49 0.30 0.17
1989 | 0.81 0.87 0.57ss222 |

‘:xx:xzx:x::z:xtx::::
| 0.82 0.39resxxznas
[EITTTITIITIITLLLTLLL
[!1!!!!!131!!!!3!!1!1
'::zx::xxz::xz::x:xx:
| .03 1.1 106 ¢

! 0.82 0.77 0.57 1.40
I 0.86 0.75 0.64 9.50
| 9.89 0.36 0.77 2.58
| 0.B8trrrIIrTEIIIzT
| 1.930.97 £.10 2.30
|

9.
0.
1.07 L.01srxtfrze3e
12308883 80585444
1.04 0.81 1.03 .86
0.78 0.61 0.66 2.80
0.93 0.86 0.78 0.38
1.03 0.94 0,83 .62

1.23 0.99 0.73 2.63
|rrrretErrIILILLLILLL |

0.85 0.88 0.77 2.78
1.05 0.93 0.31 2.75

1.01 1.08 1.00 9.89
| $TTTTLLITITIITLLILLL

1.39 1.29 1.5181112

91 0.87 0.88 .70 |
99 1.14 0.84 ).48 |

0.98tssszzesesasses |

1ITLILTITIITILTITINL

0.91 1.18 1.02%%33z
|trrreessrerrasyeyess
0.79 0.81 9.558x222
FITIITIIITLITITLLLLLL
0,38 7,91 1,91 0.4
0,85 0.76 3.30 0.31
1,ggxxzxxxxxxxxx::x
LA 113 108 0%
£.05 0. :5 } 80 0. 55
VIS E 1.5 0.5
A0 .10 L3
24 0.84 074 0.57
1_jﬁ 1 33trrreraene
14845883 9838888488541
4§.9.22 0.23
15 1.06 0.61
3.99 1.56 1,72 0.3
9,37 .84 1. 30 0.36
0.7 9,47 2.77 0.59
|'yeeyrgraezees ::xtx::
| 9. 30tzrzzzzzzssssss
0.31 5.79 1.5 9.56
0.35 _.14 .96 0.5l
; 0,38 0.87 0.97 0,04
[Eiestredscssspostisf
0.32 9.78 0.70 0.60
1.09 1,18 L.1783312

<

Ly R

h.38 0.4

\ SE 4 iR
iemd by

Cuf.

TITITIIIIILAITIILLLNL ¢

0.91 1.18 1.02rx312
FIXIITIIITITTITLNLILNE
IIILIIIETITIIIILLLLL
frIfrLTLItITLLISILLLL

..........

1.20:1.20 i,

0.3

0.87 0.37 0.34 0.67

L1113 1.8 0.07

0.388XTTTLITLLITNLLL

0.97 £.100.80

LE
1,23

1.32 1,82 1.2

i

O Do < o

-1 to 3

1.01ttresaeass
SEILXTITILIILALIT
{$2ETIrLITIIILLISL
.uB 9.38 0.57
§ 2.78 0.58
9,33 0.62

Y =

(=]
[= 2]

l—- — o O Ca Cb — D s O
. . . . :
o

bl oo o Cn iD --I
€3 a3 i) 3
So e o

2] llJ (l-l

S
tttt!!tt 2
0.983%32z
0.95/0.36
1.08 0.3
0.90 0.66

ITITXLIIL
b4 384554 8 H4
£.04 0.99

J. 9053312

TETITTILITLIILITLLLLL

0.87 0.71 0.86 0,71
1.09 1.15 1.17%x%12

30.31 0.7

1.14 0,34 0.48

.75 0.83

Nean | 0.92 0.91 0.93 0.1

I
|
|
| 0.87 0.710.66 0.71
|
|

0.99 0.93 0.88 2.71

0.83 0.85 0.82 0.67

0.97 0.28 0.86 0.77

Hotes: 1. %% indicates mizsing data at ome or more station.
2. Second row of numbers are areag for the computed reductions.




The fey station in the amaljsis ie:
Songipurl; Daily Rainfall (mr)

T Aon
L=dli,

terial Reductions on 4 Dey Annual Maxima

Teer

Pre-Moneoon

Kid-Honsoon

Post-Hongoorn

Annuel

642 969 2023 7475

642 969 2023 7475

642 968 2023 7475

642 968 2023 7478

1962
1963
1864
1965
1866
1967
1968
1969
1870
1871
Fohe

e
1873
1074

‘ﬂ?a

1976
1877

LETE |

1€78
193

1881
1982
1383
1884
1985
1866
1887
1388
1989

$33TILLLTLTLLLLLILNLL
1.01 1.00%sstxtzss2
TIITILITTTLILLTLTLLL
0.95 0.94 0.5%2322
$238¢8844849¢4¢4864441
1.03 1.19 1.04 0.99
1.18 1.26 1.22 1.01
1.00 0.98 ¢.
18 1.13 1.
83 0.72 0.
§6 0.90 0.
03 1.27 1.
401,36 1.4T8zem2
.82 0.65ts3zsesse
TBIrIIILIIILILLLL
B233834393333333
.BE 0.80 0.689 0.5¢
.00 0.83 0.84 0.75
.73 0.65 0.72 0,52
1.08 0.75 0.86 0.66
TIIIIIRRIERRILTLEIIL
1.01388x22888208882
0.94 0.86 1.07 0.89
0.85 1.01 1.08%%%12
0.85 0.70 1.00%%xsz
pe2223200440000883 044
0.74 0.48 0.31 0.20
0.84 0.77 0.78%%832

£ O O p= e OO
4 . . .

1429994994 088084¢8¢ ¢
0.87 0.96ssssszsess
IrrrfrLsrtrTLLITIILY
IXLTTILIITIILLLILLLL
PEXTITRILTILIIIIEIN:
1.02-1.08 1.03 1.02
1.05 0.86 0.78 0.52
.98 0.96 0.82 0.93
0.87 0.84 0.76 0.80
(.BTtrxrtstrzsrsrsy
(.92 0.93 1.06 0.88
0.92 0.89 0.97 0.80
0.99 1.20 0.89 0.50
01 0.98xssezszss
JgTrstrrTILILNLLL
.08 0.95 1.04 0.86
.79 0.63 0.68 0.84
.92 0.84 0.75 0.57
1.01 0,92 0.94 0.6
1.15 0.93 0.71 0.60
b33 deeiitatoedtsesded
{,90%zezzaerIIIILY
1,16 1.14 0.95 0.95
1.04 0.98 1.01 0.84
0.86 0.98 0.95 0.83
IIITITERRLETLILITIRLIL
0.86 0.72 0.65 0.73
1.39 1.29 1.54sxezz

DD e

TrIRrIIITLITILLLLLILSL
0.97 1.32 1.18%z122
TIRLITIITITITTLNLNING
0.82 0.64 0.628312x
f03233950884883088481
0.96 0.91 0.93 0.89
0.88 0.78 0.80 1.02
1. 10zztzexserssss
05 1.16 1.15 1.06

QQ
--I
(=]
[=
oy
g

1
§0.23 0.23
1.14 1,16 0.68
5E 0.71 0.58
3 1.03 .84
0.64 0.50 0.85 G.7%
LRrrfrrITIIITELILIY
1.16sstzrzeeesazess
0.80 0.77 0.65 0.58
0.87 1.07 0.86 0.51
0.87 0.67 0.96 1.03
BETEITIIRETRILLITINN
0.85 0.69 0.95 0.76
1.09 1.16 1,213s12¢

L
1.03 0.
0.81 0.
1.00 0.
0.95 0.
1.2
1333323823293333 83321
0.68 0.4
1,42 1
0.70 €.
1.25 1.0

FIRrrLrLrLLLIIITITIILL
0.87 0.9ftzrrerrese
b826330¢80¢3808559¢844
IEETIITLLLILTLLLRLILL
IITIIIILITILILLYITILLYL
0.96 0.81 £.83 ¢.8§
1.18 1.26 1.22 1.0%
1.00 0,96 0.99 .79
05 1.16 1.15 1.06
R d4238338030844¢
92 0.93 1.08 .86
03 1.27 1.27°0.82
89 1.20 0.89 0.50
01 0.9Bttxrzexze:
TorxssrrrIITIIINL
08 0.95 1.04 0.8
07 0.87 0.7¢ C.67
92 0.84 (.75 €.57
010.92 0.94 (.88
1.15 0.93 0.71 C.60
TEITLILLLLILILLINIIT
0,09 seaeesseasre
0.84 0.86 1.07 0.98
1.04 0.96 1.01 0.84
0.96 0.96 0.95 0.83
1£34888038809888999 441
0.86 0.72 0.65 0.73
1.09 1.16 1.21sz2s22

3
0.
0.
L
0.
L
0.
1
1.
0.
L

Kean

0.95 0.92 0.95 0.78

1.01 0.95 0.92 0.78

0.87 0.90 0.87 0.74

0.9 0.99 0.88 0.80

Hotes:

1. 3t indicates missing data at one or more station.
2. Second row of nubers are areas for the computed reductione.
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‘I
\
The fey station in the analysis is: e
8-377, Sonaiauri; Daily Rainfall (mm)
Aerial Reductiong on & Day Annual Yaxima
fear Pre-Honsoon ¥id-4onsoon Post-Yonsoon Annual !
§42 969 2023 7475 | 642 369 2023 7475 | 642 069 2023 7475 | ©42 969 2023 7475 |
1962 |$TITTLILLLTAILILIILL | EITLITIILIILITLITXLT | TTILTIALTIILILILIA2 | AXTTXLIIIIIITTIRXL3T i
1963 | 1.00 0.97#xxxzxxzzs | ( B9 [ Olxxsxsrssx | (.90 1. 1§ 0.96%xz3z | 0,89 |.0l¥xrxzzzin :
1964 |TERTTLLTLTLILILTLLIL | TTITTTIITLIALLLITLL2L | SXTTTILTLILLLLLLILL | EXLLTIILILLILITLLLIL |
1965 | 0.95 0.94 0.B6tstrt |trszrszrzzsassssssss | .84 0.54 0.G63I3sx |$31382r381TT0ITILL22 |
1966 |f21122282 22222225 | SXIXIIITLTLLILNLNLLL | AXTITIAITTILLLLITLIL | KXXIIXLRRTL22LL34222 1
1967 | 0.890.89 0.82 .77 | 1.02_1.15 1,10 1,00 | 0.96 0.31 0,983 0.3§ | 1.02 1.15 1.10 1. 1J ;
1968 1.22 1.28 1.22 1.02 | 0.99 9.84 0.73 0.47 | 0.88 9,33 0.86 1.08 | 1.22 1.28 1.22 1. 2
1969 { .85 0.91 0.91 0.70 | 0.88 0.37 0.57 0.69 | L.lOszzzzzyxzzxzzzz | (.35 0.91 0.81 0.7% |
1970} 1.18 1.10 1.07 1.01 | .14 143 1.04 0.87 | 1.04 .16 111 192 1041016 141 L.22 4
1971 | 1.03 0.73 0.84 0.78 | 0.84 0.56 0.61 0.51 | 1.03 0.32 0.84 0.74 | 0.84 0.56 0.51 0.3L |
1972 | .36 0.85 0.95 L.13 | 0.84 0,34 1,15 0,34 | 1.32 3,77 0,56 0.50 | 2,34 0.94 1.15 0.4
1973 | 1.06 1.43 1.51 1.21 | 0.94 0.33 1.93 0.89 | 0.39 0,73 L.10 £.07 | 1.06 1.43 1.31 L.21 !
1974 | 1.03 1.20 1.20%¥s23 | (.98 1.13 0.35 0.49 | 0.38 0.28 0.80 0.39 | 0.98 1.13 0.35 0.:8 |
1975 | 0.92 0.55¢zsxexesey | 1 06 ! O7sxxearzsxx | 1 20 ! 43rexyrrozsx | | 06 1,Q7xzrrxxsinz |
1976 | 0.70tttxrsyixxzases | [ (BEIIITXXTIITILLL | ITXLXTLITITITIINIINN | ) TOREIIIIIrIIIILINZ '
1977 | 1,26 1.22 1.31 1.48 | 1.08 0.98 1.00 0.97 | 0.568 0.48 0.25 0.29 | 1.08 0.88 1.00 0.37
1978 | 9.38 0.80 0.88 0.57 | 0.80 9.64 0.71 0.87 | 1.42 .28 1.190.79 | 1.11 0.88 0.36 0.33 |
1979 | 0.8 0.93 0.35 0.7¢ | 0.81 .83 0.73 0.56 | 9.70 0.58 0.71 0.30 | 0.81 0.83 0.73 0.8
1980 | 0.77 0.85 0.57 0.53 | 1.12 0.96 0.89 0.63 | !.15 0.27 0.96 0.31 | 1.12 0.96 0.38 0.33
1981 | 1.06 0.74 0.72 0.74 | 1.15 0.93 0.71 0.50 | 0.83 0.55 0.80 0.73 | 1.12 0.94 0.73 0.7
1082 |T3ITeTLTTTIIITIIIINL | LITTITTTILTITLINNLIT $ILETITITITTLRLLLILY [ FRrLITTETRLLILIITLNLILL
1983 | 0.90:333zzrTTTTIzs | O, Of%stssesssessss | | 1Ttrssxprxsesesss | () QGIRIXIITITTIRIIX
1984 | 0.31 0.86 0.97 0.91 | 1.27 1.23 1.02 0.98 | 0.79 .74 0.64 0.57 | 0.91 0.86 0.87 0.1
1985 { 0.84 0.97 1.03sf232 0.95 1.07 0.98 0.76 | 0.86 1.26 0.85 0.49 | 0.96 1.07 0.38 0.75
1986 | 0.39 0.70 1.01szzxzt | 0.94 0.91 0.92 0.85 | 0.91 0.34 0.88 0.95 | 0.94 0.91 0.92 0.3§
{087 |TTITITTLTILLITITILIL | LLTTLITITITLLLLILLTL | SITTTTITIILILIALTLLL | FTTTLLIALLLLITRLLI32
1988 | 0.74 0.49 0.32 0.30 | 0.89 2.86 0.77 0.90 | 0.84 0.36 0.89 0.73 | 0.89 0.86 0.77 0.20
1989 | 0.84 0.77 0.85%szxz | 1,39 1.29 1.554z23x | 1 09 1.16 1.25%323% | 1,09 1.16 1.25xs312
Mean | 0.85 0.91 0.95 0.85 | 1.010.98 0.92 0.76 | 0.97 0.89 0.86 0.76 | 0.99 1.00 0.38 0.31
Hotes: 1. ft indicates aiseing data at one or more station.

2. Second row of numbers are areas for the computed reductions.
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The Zey station in the :na

el

R T |

tamy=sl B
#e8P131 He
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[ 0.94 1.04 0.95 0.80
' : 15 1.16 1.11 6,95
(.91 0.85 0.83 .76
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(.93 1. 0Bzrrzzrier:
TIrIITTITTIITLILILELILIL
FIIITrITILITIEILRILILLLY
be4444443 .!X!t:::!!t
(.80 0.7¢ g_{c
}.84 0.67 Q.68

trrirzsrTsLsLLLLLY
0.96 0.80 0.69¢zz1z
TRITIILTITIRLIILLLLYL
0.84 0.64 0.668xx12
trzzzzrrsssssssesy
0.85 0.81 0.83 0.89
.85 0.68 0.51 0.63
1. 113zs32ezszesesss

FEILRTIIITALLLIIIILL
1.06 0.97txxzyzzrsx
XTERTITTLLLLRRLIILL
ITTETLITILXXRTIIILLL
PryTITIIIELRLLIILILY
1.02 1.14 1,08 1.02
1.15 1.18 1.11 0.85
0.91 0.5 0.83 0.7¢8

g
2
1§
| 19 LT L1 1,13 102 ¢ 113 128 0.91 0.81 | 1.031.14 1.09 1.06 | 1.03 :.14 1.09 1.08
19 1 TIIZTTLITISEATTLIICL L.03zzrzzzraszsress | 1 03 0.88 (.90 0.77 | 1.03t2eetzxzxsssese
| 1872 | 0.86 0.97 0.98 1.05 | 0.0 €.94 1.18 1.04 | 0.79 0.71 0.61 0.52 | 0.86 £.57 0.98 1.05 |
§ 1873 { 1.00 1.37 135 213 | .12 1011 1.27 1.93 i 1,05 1,05 1.32 1.20 | 1.00 1.37 1.35 1.13 ;
| 1874 | 1.05 1.23 1.30zzzs2 i 0.92 1.03 0.91 0.65 | 1.01 0.88 0.86 0.78 | 0.99 :.03 0.91 0.69 |
[ 1875 f .82 C.gbxzzzxrzzez | | 0F [ QTesateszess | | 13 1 23%srrrsrrss 1.05 L.07stxgrrrsry
l 1976 | 0,7Bt3sszeeseszrss i LoIJTTIXLssessdasas [ EXIXLLLXLTLLLLLLLLLL | () TRITTLLATLLIILLILL é
| 1577 | 0. S3massntxaibonat | 105 6,98 1.01 0.94 | 0.70 0.52 0.47 0.41 | 1.05 £.98 1.01 0.8¢ |
i J67E | 087 0.%70.8% 0.5% | 0.82 ¢.B¢ 0.7¢ 0.80 _ 1.01 0.83 1.01 0.77 | 1.11 €.80 0.92 0.77 _
! 1678 1 RN 1 °’ 0.92 (.83 ! .82 U.BE (.70 0.58 | 0.69 0.61 0.76 0.56 | 0.92 .83 0.70 .56 |
| 1880 ! D.?E 0.65.0.67 0.57 | . O.Eﬁ ¢.6% 0.66 0.56 E 1,15 0.87 0.96 0.81 | 0.86 (.85 0.68 0.58 !
[ 1881 i 1.05 0.75 0.74 ¢.76 1 1.15 0.95 0.71 0.60 | 0.81 0.54 0.78 0.74 | 1.17 .87 0.7¢4 ¢.80 |
1050 [TITIXIITIICOLTTIONNT | OXTLLLTILATLLLLILNLL | AR ERRTLRLLIRLLILLLLL 1202338333222 0 23252 o
198: | [ 92tzxrrzerrezzzzr | ( QQtrrrrrsrzyrrrnx 1.10xeexeexeeesssss | ( Q0yzzseserszzrees |
| 1984 | 1.00 0.8 1.09 101 | 1.21 1.2¢ 1,00 0.93 | 0.83 0.82 0.78 0.86 | 1.00 0.91 1,08 1.01 |
1880 | 1.17 1.15 0.82sxzex | (.95 1.04 0.87 0.75 | 0.89 1.13 0.80 0.55 | 0.85 1.04 0.97 0.75 |
1986 | 0.68 0.68 0.91zxx2x | 0.92 0,90 0.91 0.86 | 0.89 0.82 0.91 1.04 | 0.92 0.90 0.91 0.88
1987 |3TTTXZLITIOOONNILLNL | LXTLLILILLLTTXTITLLL | SXLXSEILTLLLIILLILIL | SRRLRLTTITLLLLLILLLY
1388 | 0.76 0.56 0.62 0.61 | 0.89 0.89 0.79 0.85 | 0.89 1.01 0.7 0.84 | 0.89 0.89 0.79 0.86
1988 | 0.83 0.82 0.86zzexx | 1.00 0,80 1.07#2x2z | 1,09 1,16 1.26%kxxs8 | 1.00 1.16 1.26%eese
Mean | 0.96 0.93 0.5 0.84 | 0.99 0.96 0.90 0.81 | 0.95 0.88 0.86 0.76 0.89 1.00 0.97 0.85
Notes: 1. #% indicates nissing data at one or more station.

2. Second row of numbers are areas for the computed reductions.
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42 369 2023 7475 | 542 969 2023 7475 é 642 969 2023 7475 | 642 369 2023 475
1962 |$2XTLLLLRITLLLLLAILL | $ESLITLILLTITILLLESL ':xxxm:x:xxzz::x:x: TITIFITFITIFFTTLRIINL '
1963 | 1.04 1.02%sxgzxsass | 104 |.l6kszssezsss , 0.36 0.97 0.72xsx3% | [ 04 . |G#3zzsezass |
1964 |$123LLILLITLLL22232 | SITITITILLLIIIILLLTL | CXSXXLLLTLLLLIITLNLS | FELXETTLTLLXTLL 4243
1965 | 1.03 1.05 1.01ts2xs |sesstssressazasrsses I 0.80 0.64 0.53tsxxx |frregeaasssssasssass i
1966 [FTIZLAXAXLTLLTTLLLLL | KALLIRTTLALITILLTLTL i:x::x:x:zx:z::x:xx:z RRIETIIIIIRrzIIITIN
1367 | 0.37 1.06 1.04 0.98 1.08 110 L.17 .42 | | 0.84 0.77 0.85 0.72 ; 1,05 1.10 1.17 .12 |
1368 i 111 1,16 1,11 1.03 | 0.940.799.31 0,54 | 0.88 9.71 0.65 0.76 | .11 {.15 .11 .38 :
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971 | #xexxxxxsxzsxxzassss | 0,86 0.57 0.36 0.84 | 1.00 0.32 0.38 0.58 | .86 2.7 §.26 ..3¢ :
1372 | 0.86 0.37 0.98 1.05 | 0.972.91 1.:2 0.38 | ¢.79 0.7¢0.52 0.52 | 9.97 2.9 1.12 .38
1373 | 0.98 1.30 1.30 L.07 | 0.39 2.36 +..7 1.06 [ 100 0. 3ﬂ LOS 1014 | 0.98 L.30 1.30 .7 .
1974 | 1.12 1,23 1.22txxtx | 0,97 .06 0.33 0.74 f 1.01 0.39 0.86 0.79 | 0.87 L.06 G 3.
1975 | 0.83 0.68%txsxxrxss | | 06 L. 10%szzxeesxs | | 18 1. 43tsstzxexss | 1,06 (= lﬁx::xx: b4
1976 | 0,79sxxxssresesasss | | 00frriyserrrpeess 't::x:xxt::x::::::zxx ). 79¢xtttrxzIRz ::x§
1977 | 0.91zxzxxrrxrsssae | 1,02 1.07 1.05 L.02 | 0.71 0.61 0.56 0.53 | .03 1.07 1.05 -.02 |
1978 | 0.98 0.87 0.89 0.63 | 0.34 2.66 0.30 0.89 | | 1.28 1.16 1.12 0.82 { 0.38 2.87 0.39 : 33
1972 | 1.10 0.97 1.05 1,02 | 0.80 2,31 0.33 0.51 | 0.70 0.83 0.78 0.353 { .90 J.81 0.68 .31 ;
1380 | 0.77 0.66 0.60 0.53 | 0.99 0.82 0.38 0.87 j 1.10 1.12 1,15 0.88 ¢ 0.87 0.65 0.36 ©.84 |
1981 | 1.26 0.93 0.88 0.89 | 1.14 9.92 0.74 0.87 | 0.79 0.53 0.75 0.74 Il .46 335 Q.58 &85 .
(982 [TITITINITIILLLTILIL | CTTEITATIILLIOLLLLLL  PILTLIATIILLLTIILL L | IIEITIXTIIIITIII202
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1985 | 0.89 0.94 0.82¢zxxxz | 1,03 1.13 1.02 0.80 . 0.30 1.11 0.86 0.55 | 1.07 1.10 L.91 .34
1986 | 0.88 0.68 0.36%sxsx | 0,05 0.88 0.38 0.81 | 0.88 0.83 0.90 1.07 | 0.35 0.88 0.28 >.31
1987 | AITETILLTLLITLLLTLNIT | RITITTITFILTIITILLLL ::x::xxxx:ztxx::tx:tt 133388528300 835308844
1888 | 0.77 0.57 0.84 0.86 | 0.92 0.90 0.32 0.90 | 0.86 0.95 0.39 0.80 | 0.92 0.90 0.32 2.9
1989 | 0.88 0.80 0.89%z332 | 1.00 !1.07 !.09%txxs | 1.06 10T 1.13rxx2x | 1,06 1.07 1.13ss212
Hean | 0.96 0.93 0.96 0.88 | 1.00 0.85 0.34 0.83 ; 0.95 0,58 0.86 0.78 | 0.98 0.96 0.94 1.33

Notes: 1. 22 indicates missing data at one or more station.

2. Second row of numbers are areas for the computed reductions.




APPENDIX IV

10 DAY WATER LEVEL RECORDS
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APPENDIX VI

FLOOD LEVEL FREQUENCY DURATION TABLES




Tlood Level Durstion / Trequency
¥-110, Comilla : daxipun 10 3y svels, dpr. - O

, Duration [ leturn Period 7esrs

' Days i— 1.11 1.25 2 3 3 20 50
0 | 9.63 d10. 1 11,88 12.4
30 : 3.27 S50 102 1.7 11,64 12,3
i ‘ 5.18 3.36 3.34 10.49 11,32 11.36
0] 9.05 3.21 3.3¢ 10.10 g 76 11,18

- 80 | 8.87 3.03 3.4 9.35 29 10.83  11.08

| 80 ‘ 8.71 5.36 9.21 9.68 .00 10.30 0.68

o | 8.5 3.73 3.06 9.5 10.97 0.43
120 | 3.28 8.42 3.74 9.17 148 9.73  10.08
150 | 1.3 7.87 3.2 1.56 8 3.25 3.63
il

flood Level Duration / frequency
A-113. Tangsanagar y Maxinun 10 ::7 lavels, dpr. - Oct.

Juration i Aeturn Period
Jags L 1.11 § 2 § 20 0
20 7.10 7.28 7.58 3.25 Z 3.97 9.43
i §.64 7.03 7T.48 5.08 3 8.86 §.38
40 6.7 §.87 T.47 7.30 3 g.50 §.93
5 6.48  5.35 7.03 7.54 38 .2t 8.3 |
60 B.1 | 3.80 7.8 §.43 8.60 .
8 §.93 5.12 3.55 Todd 7.3 §.36
100 ol &7 5.40 6.39 T.15 3.24
120 3.33 53 5.0! f.56 T:48 3.02
150 .31 4.37 518 §.01 7.08 1.7%
7 o/ Yrequanay

*lood Layel Dupat
q-11

in
W-114, Jibanpur (Guati ; Haximug 10 :zy lavels, Apr. - Oct.

fe.
=
le |

Turation Return Period yesrs
| Days [ LI 1.25 2 5

=

=)

n

[=]
SIS |

i 20

6 5.81 T.05 R ¢
Kt ﬁ.‘.u
B

8
0.8 6.36 708

P g

10 14 .23 §.43 §.75 .95 9
80 3.97 07 6.32 6.65 3.86 35

80 5.78 .35 6.05 6.33 5.51
: 100 §.51 .61 5.83 6.13 3.33
120 4.98 15 5.5 6.07 3.42

5
3
5
50 598  5.07 621 65
5
150 145 465 5.2 575 s47

LN =3 &N o W < — ) Ly
—31 on L €D = —3 o —3 D

o On On O G —a
. . . . . .




Tipod Leve! Duratiin  Treguency
%-123, Gangs Sagzrt fellway sridee ¢ Maximie 10 Hay ltevals, Apr- - fon
Durazion | neturr Perioc jears
Dayse <+ 1... M 2 g 10 i 30
M LS Bt 2.8 §iid T ENE "08
g 4 f.is fidd FaTa g.0f T g.4¢8 BT
- bl 56t §.81 B8 £.92 o 5.41 |
_ 500 ¢ fi. 02 S 2T 5 B2 §.78 .98 .13 2.8
| 80 ! £.5% 5. 26 E.47 5.1z oo g.12 §.35 °
| \ - ol - W lw Lo ER o 1
' 80 | 4.38 508 5.28 5.5d 3. 12 £.80 8.13 |
100 .70 4.7¢ 5.01 500 5.50 .68 3.82 |
120 §,04 4,36 4.97 §.0° 5.34 5.60 8.5
15C 3k 3,08 425 4,68 4.88 E.18 b5 |
|
Plood Level Duratisz ¢ Frequency
¥-157. Ballek . Mapipur 10 day leveis, Apr. - Ost.
i Jurstion ! Return Period gears) !

20 20.71 20,87 b L

s
3
-2
(E=)
(¥ ]

%
Days ¢ L.t L.28 2 5 i 2 50
1

A8 AT |

22. g0
30 2050 2072 21,258 2L.% 2043 I2.88 2347 |
T 2039 2056 20,85 248 2184 2208 2NGD |
50 205 203 2070 2% LA 284 2.3 |
60 | 2011 2027 2085 2008 2030 2182 2023 |
30 19.9  20.12  20.41 208 2107 2032 264 |
100 1.8 2000 20.28 20.88 20.81 2115 2146 |
120 1878 18se 0.7 W.E A7 2.3 I3 | '
15 1850 1985 1884 200 0.8 20.86 2118 1|

Flpod Level Duration / Frequsncy
¥-158, Chunarghzt ; Maxipur 10 day levels, Apr. - Oct.

[uration Return Period |years)
Days + L.l 1.25 2 5 10 20 80

20 14.86 15.04 15. 46 16.07 16.45 16.83 17.31
30 14.26 14.47 14.97 15.63 16.06 16.50 17.05
40 14.05 14,23 14,63 15.18 15.54 15.88 16.33
50 13.88 14.13 14.46 14.81 18.20 15.48 15.85
60 13.92 14.05 14.36 14.75 15.08 15.32 15.66
80 13.72 13.85 14.14 14,5 14.78 15.04 15.36
100 13.55 13.68 13.99 14.40 14.67 14.94 15.28
120 13.34 13.46 13.74 14.13 14.38 14.62 14.94
150 13.08 13.21 13.48 13.87 14.12 14.36 14.68




flocd level Duration / Frequeney

¥-181, Gunabati Railway Bridge {d/s) ; Marimum 10 day levels, ipr. - Oct.

: Juration | Return Period {years) !

| Daye LI 25 2 5 10 20 3004
0 | 5.4 87.02 2155 -§6.82  smmmsxr  gspmaz srmnn |
0 | 11507  87.:5 2147 -86.89  wmszzz rrmam axana |

| 0 | 114.83 86.91 21,04 -§1.13  asrxzz rszmmc troneg |
50 114.83 86.91 21.2 -67.13 Irrrrs 1r1fsx 1220821
g 114.83 §6.21 21.2 -67.13 111z 102 044 189888

| 30 114.45 §6.23 20.86  -f7.51  stfrrr  trrzrr trrest

' 100 114.45 86.53 20.86 -87.51 I Iz LES 202

'r 120 114.45 86.53 20.86 -87.51 i1z 1rzLz 111311

1 150 113.93 86.01 20,34 -68.03  rxzzzr tfrnzr pInIn




g
\)\ Flood Level Duration , Frequency
T-34 , Brahmanbariz Railway Hridge ; Hexizum 10 day levels, 4pr. - Jot.
I Duration Return Period (years)
Days + L1l 1.25 2 : 10 20 it
|
i 20 5.86 5.0 §.36 : 3l o Rl 7.4t 7.8
Lo 5.80 5.9 5.18 5.81  7.04 T
| 40 5.58 E.18 6.01 5.8 B35 g.7% §.26 |
L 558  5.68 583 fw g4e 80 g3 |
60 5.49 5.60 5.87 &2 g.45 6.68 6.:7 | '[
80 5.28 5.39 5.65 t.01 §.24 8.47 6.76 !
[ 100 4,82 5.03 5.28 £.64 5.87 6.08 §.57 |‘
i 120 3.58 4,15 £.53 7 11 5.40 5.73 8..5 | J
1 150 2.5 LM 320 382 425 4§ 5.3 1|
Tlood Level Duration / Frequency
7-7¢ Matlab Bazar : Kzrimum 10 day levels, dpr. - Qct.
I Duration Return Period (years)
| Daps LoD 135 2 C 10 20 50
) 452 459 475 L8 512 5.2 5.5 |
l 30 4,39 4.46 4,64 4.8 5.02 5.17 5.3
40 .35 4.47 4,58 L8 1.95 5.10 5.28
i 50 4,31 4,37 4,52 471 4,84 4.37 B3 .
L0 127 43 44 L8l LT 485 4m |
' 80 4,10 4,18 4.29 £:47 .58 4.70 4.8
| 100 3.80 3.8¢ 4,00 2,18 4,21 £.43 4,38
| 120 3.47 3.54 3.1 o83 4,08 4.23 4,42
150 2.76 %84 3.02 Ay S.44 3.58 3.50
Flood Level [uration / Frequency
T-115, Duadkandi ; Meximup 10 day levels, Apr. - Oct.
Duration Return Period (years)
Days + 1.11 1.25 2 5 10 20 0
20 4.71 4.83 5.1 3.46 5.73 5.97 6.26
30 4,63 4.73 4.98 5,30 5.52 5.72 5.99
40 4,55 4.66 4.90 5.22 5.44 5.65 5.91
50 4,50 4,60 4.84 3.15 5.37 5.57 5.83
60 4.46 4,56 4.79 5.10 5.30 5.50 5.76
80 4,31 4.39 4.58 4.84 5.01 5.17 5.39
100 3.98 4.07 4.28 4.58 4,74 4.91 5.14
120 3.49 3.59 3.84 418 4.40 4,61 4.89
150 2.78 2.88 3.08 3.3 3.52 3.69 3.91




Tlood Lzvel Juratian ' Trequency

T-220 . 3hairab Zazar Railway Sridge 7 Yaxipun 10 day levels. ipr. - Oct.
. Duration leturn ‘2ripd (years)
'_ Dags - 1.:! 1.28 2 5 10 29 0
29 5.39 B.12 §.44 3.88 T.14 a5 |
I ¥ 5.76 3.39 3.0 580 8.7 14T |
‘ 4] 3.94 3.78 8.03 3.40 8.85 6.25 7.19
| &0 585 5.8 5.87 5.36 6.52 §.87 T.lg
gd 5:42 553 5.7 5.30 .38 §.85 7.2
80 5.28 5.30 567 5.07 6.33 §.58 8.91
100 4.20 5.03 §.34 §.15 6.02 6.28 6.62
a ! 129 3.%8 4.16 .38 Y15 552 5.88 6.3
{ 15 - 2.3 2.4 3.26 3.58 3.37 4.4 4,33

|
. 7lood Level Juration / Frequency
|

T-240 , Bhevanizznj i ‘zxipum !0 day leveis, lvr. - Qet.
Duration leturn fsriod (years) |
< Jagg - Lot 1:25 2 3 i Bt 50 |
£ 2.%8 .12 3.45 3.3 4.17 4 .45 4.30
) 2.36 3.08 3.40 3.32 .10 4,38 41
41 2.3 3.07 3.37 3.7 1.06 .32 1.58
§ 2.85 2.%8 3.30 3.73 4.01 4,28 4.33
g 2.74 2.38 kA .08 3.94 L.22 4,58
20 2.53 2.77 &1 3.57 3.87 1.18 4.5
. 109 2.39 2.5 2.38 3.37 3.58 .58 {.39
f 129 L.3 2.05 2054 3.20 3.54 4.76 .51
} 150 1.4 1.38 2.18 1.81 3.2 .89 §,1
?locd Level Duration / Frequency
T T-275 , Baidyer 3azar : ‘axizun 10 day levels, dpr. - Oct.
Duration ! leturn eriod (years)

23
=
<

=]

Days - L.il 1.28 Z b 10

20
30
10
50
50
80
100
120
180

b |

.12
.68
.62
.32
3l
97
W44
.93
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Plood Level Duration / Frequency
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Flond Lz=vel Duration / Frequeney
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Flood Level Duration / Frequency

; Maximum 10 day levels, Apr. - Oct.
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flood Level Duration / Trequency

T-298, Yabinagar ; Maximum 10 iay levels, dpr. - Oct.
Duration Return Period {years)

Days + L. 1.25 ? ] 10 20 50

| 28 .64 £.76 §.25 §.44 §.69 5.04 7.28

30 BLhD 5.63 3.38 §.23 5.46 6.2 B.38

0 §.43 5.52 5.23 §.01 6.19 8.3 5.50

¢ §.36 5.46 3.87 5.96 5.15 6.3 §.58

it §.30 5.38 .61 §.91 5.10 5.29 655

g G b 5.2 5.42 8.10 5.89 6.06 §.29

100 4,74 4.83 §.05 5.35 5,54 5.7 5.97

120 3.95 4.09 4.42 4.86 5.15 5.43 5.79

150 2.68 2.83 3.21 3.74 4.08 4.41 4,34
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APPENDIX VII

PLANNING UNIT ELEVATION AREA CHARACTERISTICS
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South Sudharam Planning Unit

Elevation Area Characteristics
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Noakhali North Planning Unit
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Little Feni Planning Unit

Elevation Area Characteristics

n
200

Elevation (mPWD)

Flooded Area (km2)




(gw») ealy papool4
002 0

Dakatia Planning Unit

Elevation (mPWD)

solisliajoeley) ealy UoleAs|3




(quiy) a1y papoo)4
08 09 ov 0e 0
| I | I T I _ T 0

Chandpur Planning Unit
l

Elevation (mPWD)

soljsusjorIRY) BAlY UOHEAS|T




—

Megna-Dhonagoda Planning Unit
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