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schematic representation of the study area. They are, a

network of regular polygons and a network of regular recta-

ngles. The schematization involves 63 internal nodes "and

26 external nodes. Accuracy of Gauss-Jordan elimination

method has been found greater. However, Gauss-Seidel iter-

ation method with one iteration requires smaller computer

time. Results obtained from rectangular grid and polygonal

grid schematizations are almost identical .
.
'.

The numerical model generates time history of water

level at the centroid of every polygon. The model has been

calibrated by several trial computer runs with changed para-

meters. The calibration is complete when computed water

level variation agrees acceptably with observed water level

variation in 54 observation wells in the year 1979-'80. It

has been found that the recharge parameter dominates the

calibration process. Maximum deviation of computed water

level has been found to occur during irrigatio"n season.

Higher computed water level suggestes an underestimation

of withdrawal volume than the actual volume and this is
l

due to the lack of sufficient field data. Finally, ground-

water recharge in the year 1982-'83 has been determined by

applying the model. Then the monthly recharge values in

every l.lpazillain the study area has been comPl:!ted.Total

recharge values of 21.146 cm and 18.147 cm in the period

iii
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1979-'80 and 1982-'83 respectively have been found. Inves-

tigation of monthly recharge values shows that the highest

recharges equal to 7.355 cm and 9.487 cm occur in July and

June during 1979-'80 and 1982-'83 respectively in the model

area.
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water resources is determined. Numerical models are useful

Sir M. MacDonald &

CHAPTER ONE

INTRODUCTION

east regions. As a result, severalshailow tubewells (STW)

Groundwater is an important source of irrigation dur-

tation of this resource through tubewells started in 1972

Numerical modelling of groundwater system is at a very,

ing dry season in many areas of Bangladesh, Extensive exploi-

caused decline in groundwater level in the northwest and north-

13000DTWs, 46,000 S~Ws and 150,000 HTWs have been planned

( MPO, 1984). Uplanned rapid increase of irrigation wells

and hand pump tubewells (HTW) became incapable of pumping

(Planning Commission, 1985). Successful implementation of

this plan is dependent on how~~fnoroUghlY the groundwater

tool in such investigation ( Southern desert model, Jordan

early stage in Bangladesh. Seven applications of groundwater

west Bangladesh groundwater model

(MPO,1984). In ,the third five year plan installation of more

coastal plain of los Angeles county (Thomas, 1973), North-

(Thomas, 1973), vega de Granada, Spain.model ( Thomas ,1973) ,

.. ,
system is understood and ..how accurately the available ground-

models in different parts of Bangladesh since 1976 have been

Partners, 1982»).

model studies have been done by expatriate consultants.

summarized by Master Plan Organization (1984). All those



It is now utmost necessity to develop local expertise in

this field. Development of computer facilities at BUET has

.created opportunity to do groundwater model studies. None

of the seven model studies has included the Mymensingh-

Tangail area, which has a very high groundwater potential.

This encouraged me to take the present study.

Groundwater 'table,fluctuation fn Bangladesh has an

annual cycle. A good numerical model should be capable of

simulating this fluctuation. In order to be able to use a

large time step of the order of 15 days in the simulation,

it was decided that implicit finite-difference model would,

be developed. Numerical modelling of groundwater involves

discretization of the aquifer and there are several ways of
/doing it. It has been felt that the discretization techniques

should also be investigated for groundwater conditions in

Bangladesh. The water years 1979-'80 and 1982-'83 have been

selected as simulation period for present study since amount

of data in these periods is better. It was further decided

that the main model application will be determination of

groundwater recharge. Then the main objectives of present

study may be sunooarized as:

i) to develop a numerical model for simulating groundwater

water movement in the aquifer of Mymensingh-Tangail area,

2



ii) to investigate accuracy and computational efficiency

of numerical solution methods and schematization techniques,

iii) to determine aquifer characteristics and groundwater

recharge in the study area.

3



CHAPTER TWO

CONCEPTUAL BASIS OF THE MODEL

2.1.0 MATHEMATICAL DESCRIPTION

2.1.1 Governing Equation

Basically two equations are required to represent

g~oundwater movement in an aquifer. These are Darcy's law

and equation of continuity. Darcy's law is used to compute

the subsurface flow in an aquifer ( Fig. 2.1). It can be

expressed as:

v = K i ........... (2.1)

where V = velocity ( m/day )

K = hydraulic conductivity ( m/day)

i = hydraulic gradient

The equation of continuty is used to compute the change

of storage in the ,aquifer. It can be expressed as (Fig. 2.1):

SI - SO + R- E = f::.S (2.2)

..,.-.

where SI = Subsurface inflow

SO = Subsurface outflow

R = Recharge

E = Extraction.

f::.S= Change of storage

4



Subsurface
• Outflow

I-Inflow

O-Outflow

R-Recharige

E -Extraction

S I - Subs urface Inflow

SO - Subsurface Outflow

REPRESENTATION OF FLOWS IN AN AQUIFER
ELEMENT

(b) Schematic Representation of an Aquifer Element

FIG.2.1
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(a) An Aquifer Element'

Recharge Extraction

SI~ r=-SO

Subsurface
Inflow



2.1.2 Assumptions

Groundwater modelling is based on some simplifying

assumptions. These are as follows:

i) The medium through which flow occurs is porous.

ii) Linearity between velocity and hydraulic gradient exists.

iii) The flow is horizontal and uniform everywhere in a

vertical section.

iv) The pressure- head distribution along any vertical is

hydrostatic.

v) All variables in the equation are defined on the macros-

copic level i.e. in terms of volume elements ..On this

basis, the flow is considered irrotational.

2.2.0 NUMERICAL MODEL

2.2.1 Schematization

Numerical modelling of groundwater movement in an

aquifer requires schematization of the model area by a net-

work of pOlygons ( Fig. 2.2). Each polygon is represented

by a node at its centroid. Then the equation (2.1) and (2.2)

are applied to each polygon. Sometimes rectangles «Mercer

& Faust,1981), (Fig. 2.2(b») and squares « Thomas, 1973),

(Fig. 2.2(c) » are also used which are also polygons. In

the present study a network of regular polygons and a net-

work of regular rectangles have been used.

6
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(2.4)

(2.3)

w.l,S

;

D.l,S

h. - hl S

m/day) .

,.

,(hi-hs)
i,.1

to iiOde s

nodes i and s (m/day}.

Hydraulic conductivity of the pa~h between

s ( nfjday).

T. W.1,S 1,5
L.l,S

(h. - h )
l . S

= K. Ll, s.- .l,S

K.. l, S

SF.l.S

v. = K.l,S 1,S

8

w. = Width of the side between node i and s (m).
l,S

SF. = Subsurface inflow/outflOw from node i to node
. 1., S

D. = Saturated thickness of the aquifer (m).
l,S

where .V. = Velocity of the subsurface flow from node i
1,5 t

from equation (2.1) a~ follows:

adjacent node i to the solution node s (Fig. 2.3) is given

II2.2.2 Development of finite-difference equation

II
The velocity of Jorizontal subsurface flow from an

Therefore, the subsurface inflow/outflOw can be given by:



(a) POLYGONAL
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\. ....h.
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1
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I

2 .between nodes.i and s (m jday)

W. T.
1.,5 1.,5
L.:l,S

=

2= Conductance of path between nodes i and S (m jday) •

FIG.2.3 TYPICAL NODES

• •The net subsurface inflow/outflOw to the 'node s from

9

/. /;-<,
'\

hi = Groundwater level at node i (m).

T. = Coefficient of transmissivity of the path:l,S

hs = Groundwater level at node s (m).

Y.:l,S

L = Distance between nodes i and s (m).
itS

surrounding nodes i is given by ( equation: 2.2):

.'



Thus the rate of change 'of storage that occurs in node

(2.8)

(2.7)

(2.6)

= A
S

/.dhs
dtSs.

10

(h.-h) +A
l s S

As

SI - so = I SF.
i l,S

= I Y. h. -hs) ( 2.5)
i l,S l

Combining equations (2.5), (2.6) and (2.7) and using

t = Time ( days)

The net vertical inflow/outflow in node s ( equation:

llS =

I Y.l,S
i

2.2) is:

R - E = A QR - QE)s
llt

where A = Area of node s (m2)s

QR = Recharge' (m) in time interval llt

QE = Withdrawal (m) in time interval llt

s ( equation: 2.2) is given by:
. \

\,
\,

where. Ss = Storage coefficient in node s (dimensionl.ess )

these in equation (2.2) we get:



••• (2.9)

(2.10 )

dhs -dt"in equa-

A s
lit

A S,s s
Li'"t

Q - QE
(~t -) =

Q -R
(lit

) + A s

Y. + A'1,5 S

h. -h
l s

Applying finite difference technique to

1: Y.
il,S

tion (2.8), we get:

The implicit method has the advantage that it does not

•

Where the superscripts j and j+l indicate present and

11

plicit expression. Explicit method imposes a restriction of

forward time level respectively.

may be defined at forward time level (j+l) and it results

The dependent variables h.and,h of the left hand side
, 'l S

may be defined at present time level (j) and it results ex-

maximum size of time step. Alternatively, the left hand side

with a time step of 15 days has been adopted.

implicit expression. It is given by:

restrict the size of the time,st~pand hence requires less

computing time. In the present study the implicit method



Equation (2.10) can be rearranged as

hj+l A S
hj+1- ( l: Y. +~) + l: Y.s i 1.,S lit i 1. 1.,S

.
°E - OR A S

hjA ) - s s (2.11)= £its lit s

For n numbers of pOlygons,.n numbers of equations of

the type (2.11) are obtained. They may be expressed in matrix

form as:

(2'.12)

where [AJ = all a12 ....... a1nI
.~'

a21 \~22 ....... a2n

1\, .

a a ....... anl /,n2 nnI,~I,

h
hj+l

f
f1= 1 .-

hj+l f22

f
n

12



There are different numerical methods to solve these

system of equations (2.12). In the present study Gauss-Seidel

iteration and Gauss- Jordan eli~ination methods have been

used.

2.2.3 Gauss-Seidel Iteration

In the Gauss-Seidel iteration method, the system of

finite-difference equations (2.12) are solved by iteration

process with successive approximation. The values of the

dependent variables i.e. groundwater levels ( hi and hs ) are

assumed for the interior nodes_. Improved values are then cal-

culated with the known initial and boundary conditions. The
•discrepancy between the 'successive values of water table

elevations which exists, ca~ses a ~esidual flow rate. For

satisfactory solution,of the dependent variable the residual

is gradually diminished by the process known as relaxation

( Scarborough, 1966).

Initial water table elevations are prescribed to all the
,

nodes in equation (2.11). Boundary conditions are also given

in the external nodes for each time steps. All flows are

balanced at each node by setting their sum equal tothe,resi-

dual term. After each iteration the sum of all the residual

flows for all the nodes is calculated ( TOTRES) to compare

with a maximum tolerable value (TOLER). The iteration process

is repeated to get improved values if the sum (TOTRES) is

13



(2.13)

(2.14)

hj+1 + 6h
s s

A Ss s
== """"i'it

A Ss s
- """"i'it

Q -
R

(t,t,

Y.l,S

Y.l,S

+ As

- As

6h s

=

6h to hj+1~in:equation (2.10) results in
s s

14

L
i

RES

From equation (2.10) and referring to Fig. 2.3 the resi-

From equations (2.13) and (2.14), 6hs is:

(Jamilur, 1981):

Adding

threshold value. In the present study this has also been

dual at s is :

tested.

crenancy between consecutive iterations can be used as the

equal to or less than the prescribed threshold value. For

the present model the threshold value has been estimated as

10% of the average absolute values of net vertical £low

(Boonstra and Ridder, 1981). Also a toerable limit of dis-
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Boonstra and Ridder (1981) .used this method for solution

requires less computing time.

(2.17)

(2.15)

(2.16 )

"

A Ss s
tlt

(old) + RELAX * RES

1.0
A Ss s

+ tlt

hs

RES

L Y. +
i 1.,S

=

'L Y.
i 1.,S

new) =

relaxation coefficient and written as:

Thus the water table elevation at node s for the new

This coefficient of residual (RES) is termed as the

RELAX =

time step t ~ j + 1 is:

This solution is don~ simultaneously for all nodes at
\ .t = j + 1 which is unconditionally stable. In this model,

the water-table elevations at the end of a time step serves

as the starting conditions for the next time step. The flow

chart of the iteration process is given in Fig. 2.4.

..
of groundwater flow equation and observed that the method



No

No

Compute net subsurface flow
Fj+1= E, (h~+1=hj+1)
S s ' yJ.', S J. S

J.

Yes

Compute change in storage
llSj+l= As Ss (h j+l-hjr'
s 11 t ." s '

'1 '+1 '+1hJ+ = hJ +RESJ *RELAXs s s s

Yes . ,

Yes

, 1 '+1 '+1TO~RESJ+ =TOTRESJ +ABS(RESJ )

•

O. 0 ~

;:-:::_1=..:... O:;---:;----;:::-~;7= Ey, + A S /l1t1.,S s S
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Fig.2.4: Flow chart of Gauss-Seidel iteration method.

Read: parameters of schematiza-
tion,hydrogeological data, re-
charge and withdrawal data,
initial and boundary conditiondata.

RELAX s

Compute net vertical flow:
Qj+~ A (cJ+1_Qj+1)/l1ts 5 -R E



2.2.4 Gauss::'Jordanelimination

l,n, k f i
(i)

ak '
,1

17

=f(i+l)
k

In the Gauss-Jordan meth?d the coefficient matrix [AJ

can be gi,ven by:

,

in equation (2.12) is reduced! to a diagonal matrix. In this

process the ith row is used t6 eliminate the coefficients

above and below it in the ith;1column. Thus at the end of

the solution the diagonal elements of [AJ become unity with
l I,

,zero values in the remainiAg elements. The elimination pro-

cess to make zero in the ith column of [AJ with the corres-

ponding operations in the right hand side column voctor [f]



Rearrangement of rows and colums called pivoting is

performed when a diagonal lelement is nearly zero to ensure,
numerical stability ( Dahl!quist & Bjorck, 1974). The finite

difference eq~ations (2.1D) retain large values of the dia-

gonal elements at each ste~ of elimination. Hence no such
-,
I

rearrangement or pivoting QS required in this solution at

any step. The flow chart o~ the elimination process is given
in Fig. 2.5.

Boonstra and Ridder (1981) obtained solution by this

method and found that the method required more computer

memory which is due to the storing of large matrices.

18



No

No

Stop

Yes

Perform the operations
in matrix [f] previously
required for converting
diagonal elements of
matrix LA] into unity.

•J
!, .

o

Read: Parameters of scehmatization,
hydrogeological data, recharge and
withdrawal data, initial and boun-
dary condition data.

Yes

19

compute elements of the coeffi-
cient matrix [A]

Fig. 2.5: Flow chart of Gauss-Jordan elimination method.,

Perform opera ticihs.irr-the--matrix [AJ
to make diagonal elements unity .
with zero values in the remaining
elements and Keep the operations
into memory. .,

compute right hand side column
matrix [f]

NO
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- 3.1.0 INTRODUCTION

(3.1)

0.5772 - Inu + u -

.. "

r-•

2r s
u = 4Tt

Where

s(r,t)=

The derivation of this equation is based on the assump-

Theiss solution for unsteady radial flow to a pumping

I
I

CHAPTER: THREE
COMPARISON WITH ANALYTICAL SOLUTION

tion is evaluated by comparing the numerical solution results

radial flow to a pumping well. Performance of numerical solu-

with the analytical solution. Analytical derivation is diffi-

,
This chapter evaluates the performance of numerical

II
solution techniques. Analytical solution exists for unsteady

cult to obtain for the complex groundwater flow equation

including all components of flow condition. However, some

duce analytical solution.

confidence in numerical modelling is gained if it can repro-,

well is given by the non-equilibrium equation (Walton,1970):

3.2.0 THEISS EQUATION

tions as follows ( Walton,1970):



i) The aquifer is homogeneous, isotropic, infinite in

areal extent and is of the same thickness throughout.

ii) The wells completely penetrate the aquifer and flow
is radial.

iii) The diameter is infinitesimal and the water removed

from storage is discharged instantaneously with the

decline of head.

iv) The production well is pumped at a constant rate.

v) The values of storage coefficient for upward and
."downward movement of .the watertable are equal and the

gravity yield is lnstantaneous.

3.3.0 NUMERICAL EXPERIMENT

3.3.1.Nodal Configuration

An area of influence of a pumping well is schematized

to obtain analytically and numerically computed values of

water level at different distances ..Schematization is shown

in Fig. 3.1. There are 61 nodal areas involving 49 internal

and 12 external nodes.

External boundary of the scheme is considered head

controlled with constant heads at each external node. For

analytical and numerical computation of drawdown at each

internal node a tubewell of 2 cfs capacity is pumped at

21
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SCHEMATIC REPRESENTATION OF THE AREA OF
INFLUENCE OF A PUMPING WELL IN THE .NUMERICAL
MODEL
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the central node 1. Ow~ng to steep hydraulic gradient a

fine mesh of network of smaller areas is constructed around

this point. The area of nodes increases with increasing

distance and diminishing hydraulic gradient. A total of 144

connecting lines exist which indicates schematically the

subsurface flowpath from node-to-node.

3.3.2 Accuracy

Accuracy is interpreted as the ability of the numeri-

cal model to reproduce the analytical solution. To obtain

the numerical and theiss solution, assumed values of trans-

missivity and storage are taken as 33.38 ft2/ min and 0.1

respectively for the whole area. The computation was carried

out for a total time.period of 1000 minutes at a time inter-

val of 50 minutes.

Analytically and numerically computed variations of

drawdowns at two points are shown in Fig. 3.2. Variations

of drawdown as obtained from the numerical and analytical

solution at two different times are shown in Fig. 3.3.

Errors involved in numerical solution are also shown in

Fig. 3.2 and 3.3. Fig. 3.2 shows that the error increases

.with time. In the case of Gauss- Jordan elimination rate of

increase is very small. Maximum error of 0.07435 ft and
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I.

0.05388 ft occurs at a distance of 300 ft at time 1000

minutes which are only 1.59% and 1.15% with respect to

drawdown at the well in case of Gauss-Seidel iteration and

Gauss-Jordan elimination methods respectively. These devi-

ations are negligible and accepted for all practical purpose.

The analytical solution is based on a point sink at

the central nodal point 1, while it is assumed in the num-

erial model that discharge Q is distributed over the central

nodal point 1. Hence the analytical solution represents

point drawdown which in numeriqal models represent average

.drawdown. This is the main reason behind the discrepancy.

3.4.0 CONCLUSION

Conclusion of this '.chapter:can be made as follows:

1) The numerical model give acceptable results in comparison

with Theiss analytical solution.

2) The numerical solution obtained by the Gausp- Jordan

elimination method has greater accuracy compared to

that obtained by Gauss-Seidel iteration method.
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CHAPTER FOUR
DATA COLLECTION AND ANALYSIS

4.1.0 INTRODUCTION

Data defining the physical framework and hydrogeolo-

gical characteristics of the aquifer have been analysed. The

total data may be classified into four groups as listed in

Table 4.1. The source of various types of data are given in

Table 4.2. This chapter briefly explains the collection and

processing of the data required for the models. The calibra-

tion parameters are coefficient of transmissivity, storage

coefficient and recharge. An initial estimate of these para-

meters have been made which are subjected to change during

calibration.

Table 4.1 Data required for the model.
I

I

Aquifer characteristics Coefficient of transmissivity,
storage coefficient.

Boundary data Water level (R.L) of Jamuna and
Brahmaputra.

Hydrological data Groundwater table elevation,
Rainfall, Recharge.

Artificial withdrawal Number of deep tubewells, shallow
data tubewells,hand pump tubewells and

manually operated shallow tubewells
for irrigation.
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Table 4.2 Source of data

Data Name of the Year
Organization,

Coefficient of Bangladesh Water 1982TransmissiVity Devlopment Board
,

Storage -do- 1984,Coefficient

Weekly value' -do- 1979-'80 and 1982-'83(R.L.) of ground-
water level

Daily value(R.L) -do- 1979-'80 and 1982-'83of water level ,of Jamuna and
Brahmaputra

Rainfall '-do- 1979-'80 and 1982-'83
,

Recharge : 1984
,

,

Nos. of deep and Bangladesh Agricultu- 1979-'80 and 1982-'83
shallow tube- ral Development Corpo-
wells ration, Bangladesh

Krishi Bank and Mas-
ter Plan Organization

Nos. of hand Department of Public 1979..!80and 1982-'83pump tubewells Health Engineering
and Bangladesh Bureau
of Statistics.

l1anually opera- Bangladesh Rural Deve- 1979-'80 and 1982-'83ted shallow tube- lopment Board and
wells for irri- Banglad~sh Krishi
gation Bank
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The model area lies between the rivers Jamuna flowing

1983 and 1984
.

1968

1985

Bangladesh Water Dev-
elopment Board and
Master Plan Organi-
zation

Office of the Land
Records and Surveys

Master Plan
Organization

Maps showing loca-
tion of ground-
water observation
wells, river gauge
stations and zone.-
wise divisions
for different with-
drawal rates

Zone-wise monthly
withdrawal rates

District map of
Mymensingh,Tang-
ail, Dhaka and
Jamalpur

The model area is,composed mainly of alluvial flood

plain sediments, deposited by Brahmaputra - Jamuna riv€r
.... ..consists

system ( UNDP,1982). The surface deposit/of mostly red and

arrange clay deposits at a higher altitude in '.Hadhupur

small portions of Jamalpur and Dhaka as shown in Fig. 4.1.

It lies between 89045' to 90040' latitude and 24010' to

24055' longitude.

Mymensingh situated on the westem~ side of Brahmaputra and
, .' - ,

in a braided course in ~he western side and old Brahmaputra

4.2.0 DESCRIPTION OF THE MODEL AREA

in the eastern side. The, area invo,lves Tangail, part of

.area •.The rest of the maximum area comprises of silt, sand



and gravel deposits (BWDB, 1978). The lithological sections

of the model area are shown in Fig. 4.2 ( BWDB , 1979). It

is observed that the aquifer is composed of water bearing

formation having thckness greater than 25 m. It has been

reported ( BWDB, 1980) that the rise of water table in this

region continues according to intensity and duration of

rainfall. The monthly values of rainfal.l for the model

region has been estimated by the Thiessen method (Linsley,

Kohler and Paulhus, 1958) from the data of BWDB gauge sta-

tions. The rainfall histograms prepared from these monthly

valu~s for 1979-'80 and 1982-'83 are shown in Fig. 4.3.

Variation of groundwater level for two observation wells

of Tangail and Mymensingh districts are also shown in Fig.

4.3. From the hydrographs of observation wells it is obser-

ved that in the model region water table starts rising in

May and reaches its maximum in August at the rate of approxi-

mately 0.56 m per month~ It is also observed that the water

level b~gins to recede from October at the rate of approxi-

mately 0.33 m per month and reaches its minimum in April.

From the hydrographs it is observed and also reported by

BWDB (1980) that groundwater level remains almost in the

same level in the month of August and September.

From the long term hydrograph analysis of some selec-

ted observation wells in Tangail district a slight declining

tendency of water level with the fluctuation of highest and
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lowest water level ranging from 3 to 4.5 meters is obser-

ved ( BWDB, 1984). Such analysis for Mymensingh district

reveals the same declining tendency with a range of fluc-

tuation varying from 2 to 8 meters. The declining tendency

as found is reported to be due to the exorbitant extraction

of groundwater by tubewel1s in the dry period.

the
The study of/physiographic units of Bangladesh (Karim,

1984) reveals that the part 0lf the model area remains deep

flooded at a depth of flooding greater than 2 meter. Low

lying area exists in Mymensingh,district at a depth of flood-
,

ing less than 2 meter. This indicates that aquifer is also

recharged through percolation of floodwater.

I
4.3.0 SCHEMATIC REPRESENTATION OF THE AREA

\
.Two types of schematizati6n have been used in the

present model study. These are a network of regular hexagons

and a network of regular rectangles as shown in Fig. 4.4.

The fOllowing criteria were considered to be fulfilled in

the schematization of the model area:

i) Number of internal and external nodes should be same for

both types of schematization. There are 63 internal and

26 external nodes in each of the two types of networks.
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both types of networks.

4.4.0 INITIAL ESTIMATION OF CALIBRATION PARAMETERS

Most reliable value of transmissivity is obtained from

••• (4.1)

..,

TI. Al + T2. A2 + T3. A3
Area of node 1

37

ii) Area of internal nodes should be same in the two types

of networks. The area of internal nodes except those

near the boundaries are same for both the networks and
2is equal to 86.603 km .

4.4.1 Coefficient.pf Transmissivity
~'~.~.::t~~','~

.. .mum number of internal nodes of the two networks; The

centroid of a total of 39 internal nodes coincides in

iii) Effort has bee~ made to:coincide centroid of the maxi-

pumping test data. United Nations Development Program (1982)

carried out pumping tests on-BADC irrigation tubewells in

Bangladesh. The test sites and the values of transmissivity

vity contour map of the model area as shown in Fig. 4.5(a).

the$ein have been put to the purpose of drawing transmissi-!

For the model network geometry, transmissivity yalue at each

pOlygonal side is required. This was achieved by superim-

posing the model network map upon transmissivity contour map~.

as shown for a typical configuration in Fig. 4.5(b). A weigh-

ted mean value at the pOlygonal sides were obtained as follows.

TransmissiVity at node I
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These transmissivity values for adjacent nodes were avera-

ged to.represent the transmissivity value of the common

side of the two nodes. In this way, initial estimates of the

transmissivity values at the polygonal sides have been made.

4.4.2 Storage Coefficient

Storage coefficient can be determined from the aqui-

fer test data. Karim (1984) summarized upazilla-wise values

of storage coefficient determined from lithologic andaqui-

fer test data. These values were employed to draw a storage

coefficient contour map of the model area as shown in Fig.

4.6. The polygonal network map of the model area was super-

imposed upon this map. A weighted mean storage coefficient

over the nodal area was then calculated for each node as an

initial estimate.

4.4.3 Recharge

For the existing conditions of Bangladesh recharge

to aquifer occurs mainly by percolation of rainwater,see-

page from rivers and return flow from irrigated lands.

Karim (1984) summarized upazilla-wise annual recharge

values determined from annual groundwater table fluctuation.

The monthly recharge values of this annual recharge was

estimated from the percentage of annual rainfall occurring

40



4.5.0 ESTIMATION OF WITHDRAWAL

MPO, 1984) and- con:;;i-MOSTIs are operated 7 hours per day

(1981) showed that one tubewell is working approximately

dered to be used for the purpose of irrigation from Novem-

ber to May (MPO,1985). To find out extraction by HTW,Farooque

The appliances for abstraction _from the aquifer com-

were arrayed for different organizations and added up to get

Upazilla-wise number of DTWs, STWs, MOSTIs and HTWs

Engineering Department.

Bank.- The HTWs are estiab1ished mainly by the Public Health

12 hours per day for 150 days in each year (BWDB,1979).

the total number of each typ~ of tubewells as given in Table

4.3 for 1979-'80 and 1982-'83. DTWs and STWs are operated

lopment Corporation and Bangladesh Krishi Bank. Manually

groundwater in the model area. The MOSTIs are set up by

Bangladesh Rural Development Board and Bangladesh Krishi

operated shallow tubewells for irrigation (MOSTI) and hand

pump tubewells (HTW) also play role in-the withdrawal of

prise deep tubewells (DTW) and shallow tubewells (STW).

These are installed mainly by Bangladesh Agricultural Deve-

during calibration and then improved values were obtained.

estimate was made. This estimate was subjected to change

time interval was obtained. Due to the unavailability of

monthly recharge values, this rough and very approximate

at that month. From the monthly values, recharge for each
- .. ..~,
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intervals.

42

into three zones tobeeJl divided
;1

•

The model area has

than one upazi11a. The volume of extraction for different

In the model network a certain node may fall in more

For rainy season: 3.07 gallons/capita/day

portion of the area of node lying in different upazillas

A SUBROUTINE w~s used for the purpose.

were estimated and added up to get the model extraction.

For dry season: 4.02 gallons/capita/day

extraction has been estimated and g~ven in Table 4.5 for

obtain the percentage of monthly distribution of total,
annual abstraction (MPO,1984) as shown in Fig. 4.7. The

Izone-wise percentage of monthly distribution of annual ex-
I

traction by DTViSand STWs are ;given in TablE' 4.6. These

values were used to determinefextraction fO~ different time

the period 1979-'80 and 1982-'83 .

By means of these available information the abstraction

and given in Table 4.4. The upazilla-wise values of annual

characteristics of DTW, STW, MOSTI and HTW were estimated

These data were used to obtain the discharge rates of HTW.

for 260 people and collection from each tubewell is:



N

EB

r
j

1.3 I '.

DIFFERENT ZONES FOR VARIATfON OF WITHDRAWAL

~.
c\ 0

J" MAL

J
;

F ..5
l f

'- '\"'fV'\ (--". t 0

V-S'., /"' (1 MUKTAGACHA.JM~MEN'
ISABkl.J . .i:

\'. ~& r.,...J./
(.J"\ ).~' ;r-.-.

, .. ..J '--rJ \"\ .. :5 \ .
rf'> ~h 0 fJ.j PHU~ BARI~
, . MADHUPUR ~. ''') 0

, o. ( ..r\).\ . .-[RISAL'Jr'roPAIR
....r"" V '1\.,jZONE-31 ('''"~.'-.1

~
"./'..J IZONE-II ~V) .5 ~

HUA 0 ~--- ~ t".--.. .•..•.•.,. ."'-. \ "( )
.\ GHAT AI L q,) '-.J"'\! ~ 0 ~ 0

4.' . rt-"'v'--".r-'~ \GAFARG ~N
st."" "" .ifi \'. 0 I

'v, \..~. v '. 1. BHALUKA'

KALIHATI ::;., "- •

.,r~ ~ 0 \!. ( .'" .. --v:,. SAKHIPUR ~ .. ~-J'/...n;I'V .", \""'.7' - .~.
oANGAI'~ ~ ~ }-\IZONE-21

B AS A I L ""'. ./". -.Ji, . \
f'\ Y' .' t SRIPUR.r.-.,r-' . .r-.)

1i.' r'v.
\ J (JOYDEBP'

j;.-ft.IAKAIR ~~ ,'.

<> , LEGEND
) Upazilla boundary _._.-

Model arCQ boundary ......---
River ~
~!'IOI.J:,obndOrY('Y'f- ~~..-.... ~~

FIG. 1..7



:iTable - 4.3: Upazilla-wise total number of tubewells

Name of Total number of tubewellsUpazilla -
DTW STW: MOSTI HTW

1979-80 1982-83 1979-80 1982-83 1979-80 1982-83 1979-80 1982-83
I.Jamalpur 126 230 . 154 1230 266 461 1592 1980I.

"Sarishabari 54 66 94 50.8 37 145 882 1096
",;~1adhupur 217 209 299 1105 583 604 1487 2194
"IIGopalpur 141 157 163 1035 3439 3449 697 1029
"

"Bhuyanpur 12 29 79 517 46 58 823 1215
,Ghatail 139 173 314 1176 980 1000 1428 2108,

Kalihathi 54 89 207 1035 655 668 974 1438
Sakhipur 107 139 102 556 80 100 1436 2108
Tangail 150 152 87 916 1321 1339 1268 1872

.

Basail 65 90 53 778 131 138 546 806
Mirzapur 121 165 98 852 166 182 1184 1736;

Kaliakair 175 213 45 287 146 155 1531 1996
.

Sreepur 204 210 56 179 68 80 2234 2912
.

Bhalu.'<a 34 51 62 168 63 206 1525 1894
Gafargaon 88 159 78 108 256 386 1372 1703
Phulbaria 75 .251 84 241 74 242 1787 2219
Trisal 62 112 48 69 247 354 1137 1412

.'

!'lymensingh 58 96 65 258 54 178 1317 1636
~luktagacha 84 190 88 134 245 348 1092 1356

44



Table - 4.4: Abstraction rates of tubewells.

Unit Rated Actual Duration Collection Actual annual
dischar- discha- of opera- per day abstraction
ge(l/ rge(l/ tion (m3) (m3)see) see)

DTW 57 43 12 hrs per 1857.60 278640.00
day for 150
days per
year

,

STW 21 14 -do- 604.80 90720.00

IMOSTI 0.85 0.5 21'2 days 12.60 2671.20
(Mid.Octo-
ber to Mid
May. )

i
,
i 4.751 (Novem-HTW - 0.30 whole year 1527.58

\ ber to April)
\ 3.6285 (May

,
to October)
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Table - 4.5: Upazilla-wise annual extraction

Name of Total extraction per- year ( million m3)
Upazilla

DTW STW MOSTI HTW
1979-80 1982-83 1979-80 1982-83 1979-80 1982-83 1979-80 1982-83

- ,

Jamalpur 35.10864 64.0872 13.97088 111.5856 0.71055 1.23123 2.43178 3.0242
Sarishabari 15.04656 18.39024 8.52768 46.08576 0.099 0.38789 1.34692 1.6738

.

3.351124Madhupur 60.46488 58.23576 27.12528 100.2456 1.55738 1.6133 2.27105
Gopalpur 39.28824 43.74648 14.78736 93.8952 9.18589 9.21268 1.06506 1.571713
Bhuyanpur 3.34368' 8.08056 7.16688 46.90224 0.1223 0.1549 1.25682 1.855883
Ghatail 38.73096 48.20472 28.48608- .106.68672 2.6174 2.6711998 2.180945 3.219435

Kalihathi 15.04656 24.79896 18.77904 93.8952 1.74958 1.784294 1.487848 2.19654
-

Sakhipur 29.81448 38.73096 9.25344 50.44032 0.213165 0.26675 2.193652 3.219435
Tangail 41.796 42.35328 7.89264 83.09952 3.52829 3.57674 1.937206 2.859372
Basail 18.1116 25.0776 4.80816 70.58016 0.34945 0.36867 1.065059 1.23117
Mirzapur 33.71544 45.9756 8.89056 77 .29344 0.4438 0.48620 1.808983 2.651673
Kaliakair 48.762 59.35032 4.0824 26.03664 0.39022 0.41398 2.338047 2.730721
Sreepur 56.84256 58.5144 5.08032 16.23888 0.18171 0.21375 3.412347 4.44795
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Table-4.5 (contd.)

,
,

Name of Total extraction per year (million m3)
upazilla .

DTW STW MOSTI HTW
1979-80 1982-83. 1979-80 1982-83 1979-80 1982"'"83 1979-80 1982-83

Bha1uka 9.47376 14.21064 5.62464 15.24096 0.167736 0.550268 2.32938 2.892987

Gafargaon 24.52032 44.30376 7.07616 9.79776 0.683758 1.03111 2.095463 2.601308
-
Phu1baria ... 20.898 69.93864 7.62048 21.86352 0.198022 0.6465 2.729647 2.389475

Trisal 17.27568 31.20768 4.35456 6.25968 0.659297 0.94585 1.736208 2.156687-."._0 .• ~ _.- . O. -=. ..

Mymensingh 16.16112 26.74944 5.8968. 23.40576 0.14444 . 0.47525 2.00998 2.498961

Muktagacha 23.40576 52.9414 7.98336 12.15648 0.654637 0.92954 1.668D53 2.071205
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I
~Table- 4.6: Zone - wise percentage of annual extraction

by DTW & sTwifor different months (MPO,1985)
" -,

1
I,,

Unit Jan. Feb. Mar. Apr. May' June July Aug. Sep. Oct. Nov. Dec.

DTW 17.0 19.9 30.6 23.9 5~4!'0.0 0.0 0.0 0.0 0.0 0.0 3.2
Zone-l

S'IW 19.9 19.1 31.1 20.5 0.7 0.0 0.0 0.0 0.0 0.0 0.0 8.7

D'IW 13.1 17.8 30.4 25.8 9.9 0.3 0.3 0.0 0.0 0.0 0.0 2.5
Zone-2

S'IW 17.2 22.9 28.2 24.0 2.6 0.1 0.0 0.0 0.0 0.0 0.0 5.0,

D'lW 14:9 19.5 29.9 26.1 7.9 0.0 0.0 0.0 0.0 0.0 0.0 1.8
Zone-3

S'IW 16.2 24.6 27.0 23.4 1.5 0.0 0.0 0.0 0.0 0.0 0.0 7.2
.•..- -,
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5.1.0 PREVIOUS MODEL STUDIES ,IN BANGLADESH

foreign consulting firms.

MOVEMENT
CHAPTER FIVE

SIMULATION OF GROUNDJATER

Table- 5.1: Parameters of model studies in
Bangladesh.

•

Till now seven groundwa~er model studies have been done
If

in Bangladesh. These studies have been discussed in the second

is observed that all of the model studies have been done by'

interim report of Master Plaq,Organization (1984). Various
, '

parameters of these models a~e given in the Table 5.1. It

Project' Year Model Type Location of Model Represen. Grid Objective
model app.,- area tation of system
lication (km2) aquifer,

BADC/IDA 1977 Finite di- North of 29500 Semicon- Regula ForecastTubewell fference the Atrai find, hexago of DTWproject single la- basin of or uncon- nals develop-yer model the North- find ment,
west region
and the
area bet- i
ween the

-, rivers Atrai
. and Ganges .



Table 5.1 (contd.)

•

.

Project Year Model type Location of Model Representa- Grid Objective
- model appli- -area tion of system

- cation (k,~Th aquifer
-

ADB tubewell 1980 Finite dif- Part of Dinaj- - Unconfined Polygons Forecast of DTW
project North fference pur and Rang- varying development and
Bangladesh single la- pur districts. in size, refinement of North-

yer model shape and west region model
I

o'rienta- studies.
tion

Rajshahi,Pabna 1980 Two layer Rajshahi. and - Confined -do- Forecast of DTW
groundwater finite-dif- Pabna dis- aquifer ave> development
system ference tricts lain a semi-

model confining
"' , layer

-.
'--. -Development plan 1980 Single layer Dhaka metro- 5380 Semi con- Regular Assessment of piego-

for water supply finite-dif- politan area fined network metric declines under
and waste water ference different future abs-
systems for model traction for period
Dhaka metropoli- 1980-2010
tan area \-
ADB 2 DTW 1982 Single cell Areas' of - - - To simulate--aquifer
project model Northwest response and to test

region the effect of river
level fluctuation on
the aquifer.

"
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Table 5.1 (contd.)

~

Project Year Model type Location of Model Representation Grid Objective
model appli- area of aquifer system
cation (km2)

.

Southwest ru- 1984 Finite dif-, Jessore, 14,500 Sem'iconfined square Forecast of STI'II
ral develop- ference Kushtia and polygons DTW development
ment project layer model Faridpur potential

Northwest - Two layer Rajshahi - Single aqui- Polygons To obtain estimates
Bangladesh finite-dif- division

.

fer overlain varying of STW development
groundwater - . ference by a semicon- in size, levels
system , model fining layer shape &

orienta-, tion ..-

51
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1982-'83.

computed from iso-water table elevation lines. These computed

hted mean value with respect to each of the nodal areas were

Superimposing the nodal network map upon these maps a weig-

map on 1st April, 1979 and.~982 are shown in Fig. 5.2.

Groundwater level contour maps were drawn representing

time interval for the whole year of the data of 1979-'80 and

inightly water table elevations were computed by inte-rpolation

for each observation weI_I. This was done after each 15 days

vation wells groundwater level. Groundwater level contour

I

I'
i

area are shown in Fig. 5.1. From the existing data fort-

desh Water Development Board and lying within the the model

iso-water table elevation lines with the help of the obser-

network geometry. The observation wells installed by Bang)a-

,
Water table observation wells serve the purpose of

establ-ishing water table e'h,:vationfor each node of the model

initial conditions are the values of the dependent variable

at the start of the computation.

,I

'IAn unsteady state problem is solved numerically for
I

simulation of groundwater dovement. This requires initial
I

conditions to be defined in the nodal configuration. The

5.2.0 INITIAL CONDITION

,i.e. groundwater level specified at the centriod of nodes
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LOCATION OF OBSERVATIONWELLS AND RIVER GAUGE STATION

UPA ZILLA HE-AD QUARTER

SWaB RIVER GAUGE STATION
NO-SO.

o

~------ MODEL BOUNDARY
eWOB OBSERVATION WELL

NO-2 IN IANGAIL

s-So@

FIG. 5.1
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FIG.5.2 b GROUND WATER. LEVEL CONTOUR MAP ON APRIL
1,1982
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5.3.0 BOUNDARY CONDITION

defined by the river
~j

boundaries,The head controlled

network map upon the station map (Fig. 5.1) the position

variations in dry and wet season. Superimposing the nodal

of the external. nodes in respect of the gauge stations\vere

the years 1979~.'80 and 1982-'83. That required a total of

From the data of gauge stations, the water level pro-

100 profiles ~f the two rivers. Of them, Fig. 5.5 and 5.6

show the observed profiles of the two rivers representing

level variation of the rivers Jamuna and old Brahmaputra

files of the two rivers at each time step were drawn for

is observed that the yearly water level fluctuation is

at two selected stations are shown in Fig. 5.3 and 5.4. It

able at the stations as shown in Fig. 5.1. The annual water

boundary nodes. The daily records of. the water level varia-

6.7 m and 5.18 m for Jamuna and old Brahmaputra respectively.

tion of the rivers Jamuna and 'old Brahmaputra were avail-

in Fig. 5.1. River water levels were allocated.to external

5.3.1 Head Controlled Boundary

values represent initial groundwater table elevation at

Jamuna to the west and Brahmaputra to the east are shown

each node.
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FIG.5.' ANNUAL WATER LEVEL VARIATION OF OLD
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found out. Knowing this, the value of water level for each

external node was obtained from the river profiles at each
time step.

5.3.2 Gradient Specified Boundary

The north and south border of the model area are,.
considered as gradient specified boundaries ( Fig. 5.1 ).

They were defined by the slope of the flow line associated

with the boundary node. The,lliso-water table elevation lines
4::

those pass through these boundaries were drawn for each time

step. Then the slope of the flow lines passing through each

of the boundary n9des were computed. These values were alloca-
1 ,

ted as gradients for each of the boundary nodes at each
time 'step.

5.4.0 SENSITIVITY TEST

,A sensitivity analysis has been done by making arbi-

tary changes in calibration parameters. Four tests have been

made. They involved 10% decrease in coefficient of transmi-

ssivity, 10% increase in coefficient ,of storage, 10% decrease

in recharge and 10% change simultaneously in each of the

three parameters. The resulting changes in computed water

level in polygon 1 and 76 have been compared in the Fig. 5.7.
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FIG 5.70 TYPICAL:RESULTS OF SENSITIVITY TEST:COMPUTED
WATER LEVELS AT NODE NO"I

I.i AR

_ ...~_ ...-

DEC JAN FEB

., IOj(INCREASE IN SAND
.~.

'0'/, DECREASE'N l&R

I
I

n

I
•

AUG SEP OC T NOV

----~-MON'H OF 1979-80

JUL

NOOE ND-'

62 (\..

JUN

.~

. )«

MAYAPR

11.0

E
~
0 10.03:•.

7.0

Q:' 9'0w
<t
3:
o
z
::>
o
~ 8.0

G.O

12.0

-'w
>
w
-'



TYPICAL RESULTS OF SENSITIVITY TEST: COMPUTED

WATER LEVEL'.AT NODE NO-76

NODE NO 7G

MAR

----0-----

.- _ ..•........ -._.

-. ----6-. _---.- ..-

FEBJANNOV DECOCT

----_ MONTH OF 1979 -'BD

63

AUG SE PJULYJUNMAYAPR

FIG.5.7b

'2'0

G'O

7'0

11,0

of

~
0
3:
~ 10'0
.:,
W
>
W~
cr

(11 ~
" 9'0

~
3:
0- Z

~
:>
0cr

~ '" "0



It shows that the groundwater table is most sensitive to

vertical recharge while it is least sensitive to the coeffi-

cient of transmisSivity. Boonstra and Ridder (1981) also

observed that recharge reacts more sharply than the para-

meters'S and T and this was also found to be true for most
groundwater basins.

5.5.0 CALIBRATION

The calibration process involved adjustment of S,T

and R until reasonable agreement between groundwater level

contours drawn from observed and computed water levels in

April'79 to March'80 was obtained. It was observed that the

computed groundwater level was mainly higher than the

observed value when the model was run wtih preliminary

estimated values of S,T andR. The difference was large in

the period September'79 to March'80 when most of the withdrawal

takes place. Adjustment in T and S has been made to obtain

agreement during October to March ( no recharge season)

in the year 1979-'80. Then thelreCharge has ,been adjusted

at every time step at every polygon to obtain agreement

during the period April to September ( recharge season) in
the year 1979-'80.

Comparison between computed and observed water level

variation at polygon 1,14,62 and 76 are given in Fig. 5.8.

Comparison of water level contours drawn through observed

and computed water levels are shown in Fig. 5.9. These
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comparisons show that the simulations are acceptable for

all practical purpose. Contours drawn through calibrated

values of T and S are shown in Fig. 5.10. Upazilla-wise

values of T and S are also given in the Table 5.2.

Monthly recharge values in each of the 19 upazillas•
in 1979-'80 are determined from calibrated values of recharge

in the polygons. They are given in Table 5.3. A typical

comparison of monthly recharge' and monthly rainfall in

Bhaluka upazilla is given in Fig. 5.1~:. The observed ground-

water level variation in that upazilla is also shown in the

same figure. The annual recharge in each of 19 upazillas in

1979-'80 are also determined. They are given in the Fig. 5.12.

Then total monthly recharge in the whOle model area is deter-

nined. A comparison of ,monthly recharge values and montly

rainfall for the whOle model area is shown in the Fig. 5.13.

It is impossible to determine the groundwater with-

drawal accurately in each of the polygon. Groundwater with-

drawal was estimated by collecting information on the

number of deep, shallow, hand pump tubewells and manually

operated shallow tubewells fo~-irrigation. Next, an withdra-

wal rate is obtained. MPO suggested pumping hours 1000 for

DTW and 900 for STW per season while BWDB suggested pumping

hours 1800 for DTW and STW per season. The model was run

separately using MPO values and BWDB values of withdrawal

rates. It was observed that model results corresponding to

BWDB withdrawal rates agree closely with observed values.
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A typical comparison of computed water level with obser-

ved water level is given in Fig. 5.14. It shows that computed

water level corresponding to MPO withdrawal rates is much

higher. This indicates under-estimation in the MPO suggested

withdrawal rates.
!
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Table 5.2: Upazillawise values of storage coefficient and
transmissivity.

II

Name of Area (km2) .storage coefficient Coefficient2of Tran-
upazilla , missivity m /day _

Total Under mo- ,Initial After cali- Initial After cali
del estimate bration estimate bration
region from from

Karim UNDP
(1984) (1982)

Jamalpur 456.0 231.0 0.105 0.10945 2736.354 1782.268

Sarishabari 252.0 169.30 0.114 0.12194 1944.01 1824.257

1.1adhupur 458.0 458.0 0.07 0.089 2723.503 1875.070

Gopalpur 215.0 . ..215.0 0.15 0.11338 2100.503 1734.111

Bhuyanpur 252.0 114.25 0.10 0.10768 2252.209 1627.309

Ghatail 437.0 437.0, 0.08 0.10697 2045.671 1547.781

IZalihathi 300.0 251.11 0.10 0.11253 2058.911 1485.742

Sakhipur 441. 0 441.0 0.064 0.09191 1743.635 1530.142

Tangail 391.0 335.77 0.10 0.11146 2466.853 1476.013

Basail 168.0 167.13 0.07 0.10375 1472.605 1255.732

Hirzapur 364~0 90.14 0.08 0.09473 1247.210 1103.641
.

IZaliakair 314.0 51.06 0.05 0.07854 2206.158 1669.219

Sreepur 460.0 277 .14 0.04 0.06051 2066.654 1555.901

Bhaluka 437.0 437.0 0.04 0.06811 1317 •921 1122.474

Gafargaon 392.0 216.43 0.04 l 0.06195 2034.682 1586.943

Phulbaria 513.0 513.0 0.05 0.07774 2664.331 1821. 913 ,
,

Trisal 326.0 200.32 0!04 0.06727 3108.733 1999.079 I
Hymensingh 378.0 137.74 0'105 0.07824 2394.919 1731. 202 I

"

l-'iuktagacha313.0 313.0 0.05 0.09120 2477.957 1755.355
:.,
II
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Table 5.3: Upazilla-wise monthly recharge values in 1979-'80.

Name of the Area (km2 ) Recharge in mm
upazilla Total Under mo- Apr. May June July Aug. Sep. Oct. Nov. Dec. Jan.

del region

Jamalpur 456.0 231.0 6.20 21.18 47.47 92.15 10.98 0.31 0.11 0.0

Sarishabari 252.0 169.30 8.35 27.45 58.89 136.75 21.47 0.49 0.20 0.0

Madhupur 458.0 458.0 1.10 4.97,.. 62.46 58.19 45.10 0.37 0.25 0.0
-

Gopalpur 215.0 215.0 0.97 5.30 135.88 117~14 103.09 0.80 0.57 0.0
,

Bhuyanpur 252.0 114.25 0.0 2.24 134.59 107 •.09 106.37 0.78 0.58 0.0

Ghatail 437.0 437.0 0.35 3.04 88.41 71.90 68.79 0.51 0.37 0.0
-

Kalihathi 300.0 251.11 0.0 1.80 108,63 86.43 85.85 0.63 0.47 0.0

Sakhipur 441.0 441.0 0.49 3.51 80.73 65.52 62.47 0.47 0.34 0.0

Tangail 391. 0 3~~.77 0.0 1.87 112.30 89.35 88.75 .0.65 0.48 0.0

Basail 168.0 167.13 0.0 1.52 91.77 73.01 72.52 0.53 0.39 0.0

Mirzapur 364.0 90.14 0.12 2.11 94.52 75.26 74.41 0.55 0.40 0.0

Kaliakair 314.0 51.06 6.28 29.34 71.81 60.58 41.97 0.41 0.21 0.0

Sreepur 460.0 277 .14 4.53 21.05 46.22 40.85 25.58 0.26 0.13 0.0

Bhaluka 437.0 437.0 4.82 22.30 48.64 59.02 23.92 0.27 0.10 0.0
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Table 5.3 (contd.)

-'- ,

Name of -the Area (km2 ) Recharge in rom

upazilla
'fotal Under mo- April May June July Aug. Sep. Oct. Nov.,DeC"Jan.

del region , •

-- .
Gafargaon 392.0 216.43 3.83 17.63 35.06 44.81 16.05 0.19 0.06 0.0

- -

Phulbaria 513.0 513.0 5.19 27.33 58.94 73.04- 28.55' 0.32 - 0.12 0.0

Trisal 326.0 200.32 _5.18 23.86 47.45 60.65 21.72 0.26 0.08 0.0

!'lymensingh 378.0 137.74 6.30 28.87 57.37 74.18 25.93 0.31 0.10 0.0

Muktagacha 313.0 313.0 6.03 27.17 56.60 74.02 25.70 0.31 0.11 0.0
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l'Upazilla-wise ~blues of annual recharge computed in the

present study in thej'~"ear 1982-'83, potential and available
rannual recharge esti,,~ted by Karim (1984) are given in Table
Ilr5.4. Recharge varies {rom year to year due to the variation

of hydrological cond~tions. The values of recharge in 1982-'83
r I~

is found to be decreal1s~d from tne .recharge values lD 1979-'80
,j .

(Fig. 5.12). This is ~tlue to the smaller amount of annual
I

rainfall in 1982-'83~i Upazilla-wise monthly recharge values
: I

in 1982-'83 are als61given in Table 5.5.

GrMdwo'er r!~Lrge in 'he yeor 1982-' 83 Woode'er-

mined by adjusting 1ltharge reates in each of the pOlygon

until close agreeme1tbetween observed and computed water

level was obtained. 1~rlues of T and S were constant. The
iii'monthly values of ra~hfall, recharge and the percentage
llj

of rainfall causing recharge in the model area in 1982-'83
, jill

are shown in Fig. 5.jllt5.,The rainfall, recharge and ground-
water level variatioJ of Bhaluka upazilla in 1982-'83 have

111'11'
been studied and are i~hown in Fig. 5.16. The rainfall from

BWDB rainfall 'statioJlrR-5 of Bhaluka upazilla and ground-
II

water level data of 'o;,djacentobservation well ~1y-83 have

been plotted. The h~ghest recharge is found to occur in

June which is 19.42% ibf rainfall in that month. During
, :1

recharge period it i~1observed that the increase of recharge
I~ ,

is followed by the i~brease of groundwater level.

GROUNDWATER RECHARGE IN 1982-'83

il :

5.6.0 DETEP~1INATION
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Table 5.4: upazilla-wise annual recharge in 1982-'83

Area "(km2)
Name of Total Under mo- Vertical annual Potential annual Available

upazilla del recharge in recharge estima- annual

region 1982-'83 compu- ted by Karim recharge
ted in present ( (mm) estimated
study (mm) by Karim

(mm)
.

Jamalpur 456.0 231. 0 154.10 - -

sarishabir 252.0 169.30 1209.74 - -

Hadhupur 458.0 458.0 144.16 212 .147

Gopalpur 215.0 215.0 301.75 660 360
.

Bhuyanpur 252.0 114.25 290.90 500 368

Gh,atail 437.0 437.0 193.96 320 160

](alihathi 300.0 251.11 234.79 447 281

Sakhipur 441.0 441.0 178.05 - -

Tangail 391.0 335.77 242.73 440 240

Basail 168.0 167.13 198.34 300 128
..

Hirzapur 364.0 90.14 205.06 421 288

Kaliakair 314.0 51.06 195.42 290 200

Sreepur 460.0 277 .14 129.59 164 113 !
Bhaluka 437.0 437.0 143.87 186 106

Gafargaon 392.0 216.43 106.89 124 92
, 240Phulbaria 513.0 513.0 175.46 144

Trisal 326.0 200.32 144.66 171 73
I

!'1ymensingh 378.0 137.74 175.27 230 130

Huktagacha 313.0 313.0 171.43 214 148
,
.
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Table 5.5: Upazilla-wise monthly recharge values in 1982-'83.

Name of the Area, km2 Recharge in mm
upazilla

'fotal Under mo- April May June JUly Aug. Sept. Oct. Nov. ,Dec. ,Jan
del region Feb. & iijarch

,

Jamalpur 456.0 231. 0 ,7.44 28.75 62.07 50.26 5.49 0.06 0.02 0.0

Sarishabari 252.0 169.30 10.02 37.25 77.01 74.59. 10.73 0.10 0.04 0.0

Madhupur 458.0 458.0 1.32 6.75 81.68 31.74 22.55 0.07 0.05 0.0

Gopalpur 215.0 215.0 1.16 7.19 177.69 63.89 51.54 0.16 0.11 0.0

Bhuyanpur 252.0 114.25 0.0 3.03 176.01 58.41 53.18 0.16 0.12 0.0

Ghatail 437.0 437.0 0.42 4.13 115.61 39.22 34.40 0.10 0.07 0.0
--
Kalihathi 300.0 251.11 0.0 2.45 142.06 47.14 42.92 0.13 0.09 0.0

Sakhipur 441.0 441.0 0.58 4.76 105.56 35.74 31.24 0.09 0.07 0.0

Tangail 391,.0 335.77 0.0 2.53 146.86 48.74 44.38 0.13 0.10 0.0

Basai1 168.0 167.13 o . 0 2.07 120.00 39.83 36.26 0.11 0.08 0.0

Mirzapur 364.0 90.14 0.14 2.86 123.60 41.05 37.21 0.11 0.08 0.0 _

Ka1iakair 314.0 51.06 7.54, 39.82 93.91 33.04 20.98 0.08 0.04 0.0

r
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Table 5.5 (contd.)

•

Name of the 2 Recharge in romArea km
upazilla

Total Under mo- April May June July Aug. Sept. Oct. Nov,Dec,Jan.
del region Feb. & 1'1arch

,-

. , ..•
Sreepur 460.0 277.14 5.43 28.56 60.44 22.28 12.79 0.05 0.03 o • 0

Bhaluka 437.0 437.0 5.78 30.26 63.60 32.20 11.96 0.05 0.02 0.0

Gafargaon 392.0 216.43 4.59 23.93 45.85 24.44 8.02 0.04 0.01 o . 0

Phulbaria 513.0 513.0 7.09 37.09 77 •07 39.84 14.28 0.06 0.02 0.0

Trisal 326.0 200.32 6.21 32.39 62.05 33.08 10.86 ,0.05 0.02 0.0

Mymensingh 378.0 137.74 7.56 39.18 75.02 40.46 12.97 0.06 0.02 0.0

Muktagacha 313.0 313.0 7.23 36.87 74.02 40.37 12.85 0.06 0.02 0.0

'.
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5.7.1 Numerical Solution

5.7.0 EFFECT OF SOLUTION TECHNIQUE

Gauss-Seidel iteration involves iteration and effect of

< 0.063

ILlhl < 0.0315
l

T' = No. of days in the year

hk k-lh. = - h.
l l l

k = No. of iteration

90

3R' = Annual recharge in m

W = Annual withdrawal in m3

63
L
i=l

63
L IRES .1 < O. 1 ( R' -\'1)/ T'

i=l l

Two numerical techniques have been used to solve

the discretized groundwater .flow equation ( equation 2.10)

Seidel iteration and Gauss-Jordan elimination methods.

iteration upon model results was also investigated. Applica-

This was intended to investigate the effect of solution

techniques upon model 'results. The techniques are Gauss-

tion of Gauss-Seidel iteration method requires a convergence,

criteria. Two criteria are investigated here. They are,

and

Where



ations are observed for the convergence criteria

Number of iterations required in each of the conver-

gence criteria are shown in Fig. 5.17. Fewer number of iter-

6l lllh.
i=l 1

< 0.063. For each of the convergence criteria it is obser-

ved that the maximum number of iterations are required in

the period of maximum vertical flow.

Applying Gauss-Seidel iteration method in polygonal

network computed results for one, two, three iterations and

satisfying convergence criteria 6l I RESi I < 0.1 (R'-W) IT'
i=l

were observed. The results for three nodes and at four dates

are given in Table 5.6. It is observed that the results

obtained by satisfying the convergence criteria requires

large number of iterations (Fig. 5.17) and does not differ

significantly compared with the results obtained by one, two

and three iterations. So it is evident that the results do

not increase or decrease significantly with the increase of

the number of iterations. A maximum absolute difference of

0.094 m is observed between the results obtained from one

iteration and satisfying conve~gence criteria for polygon

14 on the 11th Jan'SO. These ~ifferencesare negligible for

all practical purpose. So Gauss-Seidel iteration method

with one iteration can be considered as reasonably accurate

for solution.
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FIG. 5_17 EFFECT OF CONVERGENCE CRITERIA UPON ITERATION IN

GAUSS SEIDEL ITERATION METHOD
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Table 5.6: Computed results for different iterations

Computed water level in m.

satisfying converge-
Time Node 1 itera- 2 itera- 3 itera_ nce criteria

no. tion t~ion tion

water No. of itera-
level m, tion

1 7.353 7.355 7.355 7.355
15th
June' 79 14 9.428 9.452 9.458 9.453 141

62 10.501 10.499 10.499 10.499

-
1 8.804 8.819 8.820 8.82

i4th 14 10.903 10.987 1,0.990, 10.990 149:Aug.'79
62 12.021 12.043 12.043 12.043-

1 8.957 8.976 8.977 8.977
11th 14 10.695 10.786 10.789 10.789 29Jan'80

62 12.067 12.087 12.087 12.089-

1 8.463 8.480 8.480 8.480
11th 14 10.222 10.301 10.304 10.304 78March'30

•62 10.915 10.920 10.921 10.923

~3 IRESil< 0.1 (R'-WJ/T'
i=l

R'= Annual recharge in m3, W = Annual
withdrawal in ~3

,
'\{ = No. of days in the year.

•

Note: Convergence criteria =

, "



Table 5.7: Computed results based on Gauss-Seidel iteration and
Gauss-Jordan elimination methods.

computed water level in m

Node no. 1 Node. 14 Node no. 62
Date

G.S.I. G.J.E G.S.1 G.J.E. G.S.I. G.J.E

16th April'79 7.063 7.063 9.069 9.069 10.50 10.500,

1st Hay'79 6.935 6.935 8.930 8.930 10.182 10.182
-

16th Hay'79 6.949 6.949 8.982 8.982 10.135 10.135
,

31st I'Iay'79 6.977 6.977 9.092 9.092 10.090 10.090

15th June' 79 7.355 7.355 9;453 9.453 10.499 10.499

30th June'79 7.730 7.730 9.802 9.802 10.909 10.909

15t.h July' 79 8.093 8.093 10.280 10.280 11.257 11.257

30th July'79 8.427 8.427 10.726 10.726 11.575 11.575

14th August'79 8.820 8.820 10.990 .10.990 12.043 12.043

29th August'79 9.076 9.076 11.127 11.127 12.357 12.357

13th Sept. '79 9.092 9.091 11.103 11.102 12.375 12.375

28th Sept. '79 9.097 9.097 11.071 11.071 12.381 12.381

13th Oct.'79 9.101 9.101 11.040 11.040 12.386 12.386
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Table 5.7 contd.

v tJatlEi- Node no. 1 Node no. 14 Node no. 62

G.8.1 G.J.E G.8.1 G.J.E G.8.1 G.J.E

28th Oct. '79 9.106 9.106 11. 010 11.010 12.391 12.392

12th Nov. '79 9.107 9.107 10.979 10.979 12.392 12.392

27th Nov. '79 9.107 9.107 10.949 10.949 12.390 12.390

12th Dec.'79 9.085 9.085 10.910 10.910 12.340 12.340

27th Dec.'79 9.055 9.055 10.868 10.868 12.273 12.273

11th Jan. '80 8.977 8.977 10.789 . 10.789 12.089 12.089

26th Jan. '80 8.875 8.875 10.693 10.693 11.847 11. 847

lOth Feb.' 80 8.762 8.761 10.579 10.578 11.581 11.582

25th Feb.'80 8.641 8.641 10.453 10.453 11.300 11.300

11th March'80 8.480 8.480 10.304 10.304 10.923 10.923

26th March'80 8.306 8.306 10.148 10.147 10.513 10.513

Note: G.8.1. = Gauss-8eideliteration

G.J.E. = Gauss-Jorder elimination.
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Comparison was made for the computed results obtained

for Gauss-Seidel iteration and Gauss-Jordan elimination

methods. The results are given in Table 5.7. No significant

difference of the results are observed. A maximum variation

of 0.001 m is observed between the results of the two methods

at a very fewer number of time steps. Therefore it is evident

that the two methods give almost the same results.

5.7.2 Schematization

In order to examine the effects of nodal configuration

upon model results, variation of computed water l~vels were

studied for rectangular and polygonal network. The computed

water level. variation for these two networks by Gauss-Seidel

iteration method for polygon 1 and 14 are shown in Fig~ 5.18.

It is observed that in pOlygon 14 computed results for the

rectangular netwcrk shows more deviation from the polygonal

network. The deviation gradually increases with time and a

maximum difference of 0.4 m is observed in March'80. Howeve~

in polygon 1 the difference between the computed results using

polygonal and rectangular network is not found significant.

Effect of schematization upon iteration required in

Gauss-Seidel iteration method have been investigated and is

shown in Fig. 5.19. The rectangular grid schematization is
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II
found to require less iteration than the polygonal grid

schematization. A maximum of 149 iterations are required
Ii

for polygonal grid schematization to obtain results on 14th

Aug.'79 whereas a maximum of 98 iterations are required for

rectangular grid schematization to obtain results on 30th

June'79. So it is evident that the solution by Gauss-Seidel

iteration technique converge earlier in rectangular grid

schematization. !

5.8.0 COMPARISON OF COMPUTER TIME AND STORAGE

The model was run on the IBM 4331 MODEL KOL Computer

system available a~ BUET Computer Centre. A comparison of,
CPU time corresponding to the two solution techniques and

two schematizations is given in Table 5.8. It is observed

that for polygonal grid schematization more CPU time is

required than the rectangular grid schematization in case of

both the Gauss-Seidel iteration and Gauss-Jordan elimination

methods. However, for Gauss-Seidel iteration technique

with one and two iteration the same CPU time is required

for both the schematizations.

Much less CPU time is required for the Gauss-Jordan

elimination method than the Gauss-Seidel iteration method
63satisfying convergence criteria L IRESil < 0.1 (R'-W)/T.
i=l

However less CPU time 'js required for one iteration in the

Gauss-Seidel iteration method than the Gauss-Jordan elimi-

nation method.
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CPU Time in Sees.

Gauss-Seidel iteration

47

63a = l: jRESil< 0.1 ( R'-W)/T'
i=l

R' = Annual recharge in m3

W = Annual withdrawal in m3

k = No. of iteration.

I. .
Table 5.8: compJrison of CPU time

T'= No. of days in the year
k k-lllh.= h. - h.

. 1 J. 1

Note:

Type of
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A greater storage of 280.151 Kilobytes are required

when Gauss-Jordan elimination method is applied while the

storage of 179.319 Kilobytes are required when Gauss-Seidel

iteration method is applied. Boonstra and Ridder (1981)

also found the greater storage requirement for Gauss-Jordan

elimination method.

5.9.0 CONCLUSION

Conclusion following this chapter may be drawn. as

below:

1) The model result is most sensitive to vertical recharge

while it is least sensitive to the coefficient of

transmissivity. ,
2) The difference.in results.obtained by Gauss-Seidel

Iiteration and Gauss-Jordan elimination methods is

negligible.

3} Two convergence criteria, 10% of net vertical flow and

difference of consecutive iteration were tested in the

Gauss-Seidel iteration method. The latter requires fewer

nu,mber of iteration .alid.-less. computer ,..tim",. The former req-,

uires greater computer time compared to the Gauss-Jordan eli-

mination method.

4) Results obtained by polygonal grid schematization and

rectangular grid schematization in Gauss-Seidel iteration

method are almost identical. The latter requires fewer
number of iteration and less computer time. So, it is evi-
dient that the solution converge earlier in the latter.
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CHAPTER SIX

DISCUSSION,CONCLUSION AND RECOMMENDATION

6.1. 0 DISCUSSION

One of the main objectives of the present study. is to

simulate the groundwater movement in the Mymensingh-Tangail

area by applying numerical model. The achievement is judged

by comparing computed water level variation with observed

variation. The model computes groundwater level at 15 days

interval during a yearly cycle in each of the 63 nodes.

Results have been compared with observed groundwater level

variation from 54 observation wells (Fig. 5.1). Average of

absolute deviations over a yearly cycle in model results

varies from 0.12 m to 0.283 m in the model area which is only

4.99% to 12.59% of the range of groundwater level fluctuation.

This indicates that the present numerical model successfully

simulated the groundwater system in the study area.

Fig. 5.8 shows that maximum deviation of computed
water level -from -oD-served -water level occurs during irr-i.-

gationperiod and the computed water level is higher. This

suggests that the estimated groundwater withdrawal is lower

than the actual. It is impossible to estimate the withdrawal

accurately mainly because or data of privately owned tube-
wells are not known. An important finding of this study
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development plans in the study area.

nation of aquifer characteristics in the model area. Con-

~l

are 21.24% and 19.42% of rainfall in theI .
1982~'83 respectively. The recharge stops

tours presented in Fig. 5.10 shows the variation of storage

Another useful result of present study is the determi-

places radical variation of the parameters is observed.

coefficient and transmissivity in the study area. In some

model results.

generally in the month of June or July. The recharge values

These results will be of great help in the future groundwater

I
is that pumping hours tf 1000 for DTW and 900 for STW

per season suggested b~ MPO is an underestimate. Whereas

satisfactory results hlve been obtained using pumping

hour. of 1800 .ug9o'cur by BWDB for D'W and,", por .ea.on.

An important outcome of present numerical model study

when groundwater level reaches its maximum value. Table 5.4,

in the model area

of time in the year 1979-'80 and 1982-'83 as shown in the

is the determination of groundwater recharge as a function
•

Fig. 5;13 and 5.15. It".is seen that maximum recharge occurs

further. shows the upazilla-wise available annual recharge

values estimated by Katim (1984) substantially differs from

year 1979-'80 and



lQ4

and 3.3. It is observed that the maximum error is less than

lication of the Gauss-Seidel iteration method with one iter-

,
Ibased on numerical solution of twoThe models are

better accuracy compared to Gauss-Seidel iteration method.

It further shows that Gauss-Jordan elimination method gives

lar grid schematization needs smaller computer time.

1.6% of drawdown at the pumping well. Although the Theiss

solution is for a spe~ial flow conQition yet the comparison

of the solution has been investigated by making compari-

dimensional unsteady groundwater flow equation. Accuracy

reflects high degree of accuracy in the numerical solution.

son with Theiss analytical solution as shown in Fig. 3.2

ation requires least computer time ( Table 5.8). It is also

from the two types of schematization. However, the rectangu-

seen that there is no substantial variation in model results

zation and polygonal grid schematization have been used to

solution techniques' give almost identical results while app-

investigate the effect of schematization process. Results are

summarized in Table 5.7 and Fig. 5.18. It is found that both

Several numerical experiments have been performed

in order to investigaJe how numerical aspects affect simu-

lation results. GaUSS~beidel iteration and Gauss-Jordan

elimination methods have been used to investigate the effect
I

of numerical solution technique. Rectangular grid schemati-



The lithology of the model area ( Fig. 4.2) suggests

that the aquj.fer is multilayered. Mathematical formulation

in the present model study j.sbased on the single layer

aquifer. Although the model does not consider variation of

aquifer properties along vertical direction, it does con-

sider variation along the two horizontal directions. In the

absence of data on vertical variation of aquifer parameters,

these limitations are acceptable for practical purposes.

In fact, single layer aquifer model has been applied succ-

essfully in several places ( Northwest region model (MPO,

1984), Varamin groundwater basin model ( Ridder and Erez,

1977), ADB tubewell project, North Bangladesh ( MPO, 1984)~

Permeability along a river boundary has been assumed

equal to that in the adjacent ~quifer. In actual considera-

tion, .the permeability may be significantly low due to the

deposition of fine silty material on bank and river bed

during recession of flood flow. This error in boundary con-

dition may affect the model results along adjacent nodes.

In the absence of data, this has been accepted in the pres-

ent study.

In the present computer model there is no sequential

restriction on sequence of indexing the nodes. This permits"

without reindexing, inclusion of new nodal points or deletion

of some of the existing nodal points. A SUBROUTINE is used to

105



6.2.0 CONCLUSION

follows:

model.

-~_. -'-'-,-'-
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both spatial as well' as time variation of recharge.

compute extraction at each node from the upazilla-wise values

of the number of tubewells and their withdrawal rates. This

saves substantial amount of effort by not requiring prepara-

tion and punching of node~wise withdrawals. Upazilla-wise

the model useful to upazilla planning studies.

values of recharge, storage coefficient and transmissivity

The conclusion of the present stu~y may be drawn as

are obtained from the nodal values with the help of another

SUBROUTINE. This has been done with an objective of making

1) The groundwater system in the Mymensingh-Tangail area

2) Coefficient of transmissivity in the study area varies
2 ; 2from 785.323 m /day to 4763.293m /day while the storage

in July and June during 1979-'80 and 1982-'83 respectively.

Total recharge values of 21.146 cm and 18.147 cm in the.

coefficient varies from 0,04199 to 0.12981.

period 1979-'80 and 19B2-'83 respectively are obtained .
•

Present numerical model is a reliable tool for determining

3) Highest recharge values of 7.355 cm and 9.487 cm occur,

"has been simulated successfully by applying the numerical



4) Gauss-Jordan elimination technique gives better results

than Gauss-Seidel iteration technique when compared with

Theiss analytical solution.

5) Both Gauss-Jordan elimination and Gauss-Seidel iteration

methods give almost identical simulation results. However,

application of Gauss-Seidel iteration method with one iter-

ation requires least computer time.
I

6) Both rectangular grid and polygonal grid schematizations

also give close results although adoption of former schema-

tization results less computer time.

6.3.0 RECOMMENDATIONS FOR FURTHER STUDY'

As an extension of present investigation the follow-

ing studies are recommended:

1) Present single layer 'aquifer model may be extended to

multilayer aquifer model.

2) A recharge submodel may be developed so that it can

provide vertical recharge input to the present model.
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