
I
I

I

8 2 2

B D 8 5
BANGLADESH RURAL WATER SUPPLY

AND

ENVIRONMENTAL SANITATION PROGRAMME

• THE BRIDGING OPERATION
| DPHE/UNICEF/DANIDA

_ LIBRARY

I INTERNATIONAL INFERENCE O' MTP
F W t ; ; v ' v : i r ' W A T Í : , ? SURELY A:. : ;

¡ FINAL REPORT
J HYDROGEOLOGICAL STUDIES

I
• PREPARED BY:
1 EDMUND GOSK

I

REPORT NO. 4

I

DHAKA, DECEMBER 1985

I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

TABLE OF CONTENTS.

1. INTRODUCTION AND ACKNOWLEDGEMENTS.

2. HYDROGOLOGICAL STUDIES: OBJECTIVES, STATUS AND
FUTURE.

2. 1 Terms of Reference.

2.2 Major tasks.
2.2.1 Deepset areas.
2.2.2 Coastal belt.

3. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS.

3.1 Deepset areas.

3.2 Coastal belt.

3.3 DPHE' s- computer centre.

4. DEEPSET AREA MAPPING.

4. 1 Purpose.

4.2, Present situation.

4.3 Future deepset areas, methodology.
4.3-1 Water balance.
4.3.2 Future water table.
4.3.2.1 Estimation of the -future groundwater withdrawal.
4.3.2.2 Calculation of future drawdowns.

4.4 Results of simulation.
4.4.1 " Country-wide summary.
4.4.1.1 Net Cropped Area, irrigated area and irrigation

demand, (table 4.2, fig. 4.2).
4.4.1.2 Potential recharge, groundwater storage and

present groundwater withdrawal (table 4.2, fig-
4.3) .

4.4.1.3 Population of deepset areas (fig. 4.4).

LiBR
CEM
Aí--¡u
P.O.
Tel.

LO:

ARY, I*!TE!"W
; • ' ; " ; ; • " ' ' • • > [ " • ' ; , • • ' • •

iT . I \ ' .1» i / •'. . • •

Do* •;j3t\)'j, ^

070) 814911

\JW too;

* V ! "

ext.

So

'
AD
141

•/v¿- LI,: cUn rLY

/142



4.5 Input and output, computer calculations.
4.5.1 MPO Code and Upazilla name.
4.5.2 Population data, (POPUL(OOO)) in the

print-out.
4.5.3 Tubewel1 information.
4.5.4 Area irrigated.
4.5.5 Irrigation demand.
4.5.6 Groundwater withdrawal.
4.5.7 Recharge estimates.
4.5.7.1 Recharge estimates, UNDP.
4.5.7.2 Recharge estimates, MPQ.
4.5.7.3 Recharge estimates, Groundwater Investigation

Circle, BWDB <GWC).
4.5.S Broundwater Storage (GWST).
4.5.9 Trend in groundwater levels.
4.5.10 Total, NCA and Irrigated areas.
4.5.11 Water levels.
4.5.12 Homested level above Field level.
4.5.13 Specific yield, SY.
4.5.14 Drawdown factor (DDF).
4-5.IS Present withdrawal.
4.5.16 Irrigated areas, withdrawal, groundwater levels

and groundwater storage in the future.
4.5.17 Table 3: District summaries.
4.5.17.1 Groundwater withdrawal higher than 80"/. of

groundwater storage.
4.5.17.2 Groundwater withdrawal higher then 507. of

potential recharge.
4.5.17.3 Groundwater storage higher than 50% of potential

recharge.

4.6 How to improve the deepset area prediction,
data consistency check.

4.6.1 Net Cropped Area <NCA) and irrigated area.
4.6.2 Groundwater withdrawal and groundwater storage

(appendix 3, table 3, Heading "B").
4.6.3 Groundwater withdrawal and potential recharge

(appendix 3, table 3, Heading "C").
4.6.4 * • Groundwater Storage and potential recharge

(Appendix 3, Table 3, Heading "D").
4.6.5 Procedure for improvement of data consistency.

5. DPHE's HYDROGEOLOGICAL MONITORING NETWORK.
5.1 Number of wells and Upazilla-wise distribution,

5.2 Kind of wells.

5.3 Site selection and monitoring.

5.4 Cost and financing of the monitoring network.

5.5 Benefits from groundwater level monitoring.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

TABLES
page

4.1 UpaziI la-wise summary of the groundwater 4,10
level trend situation.

4-2 District summaries. 4.16

4.3 Present and future population within deepset 4.22
areas»

4.4 Check list of variables, groundwater recharge 4.33
calculation 5.

FIGURES

4.1 Sketch of components of water. 4.5

4.2 District summary, NCA and irrigated area7 1985. 4.17

4.3 District summary, Potential recharge, Groundwater 4.19
storage and Groundwater withdrawal.

4-4 Population of present and future deepset areas. 4.23

ANNEXES

1. Map: Maximum depth to water table version no.ia,
February 1985.

2. Map: Present and Future Deepset Areas, version no.l,
Dec&mb&r 1985.

3. Print-out of computer simulations-



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

1. INTRODUCTION AND ACKNOWLEDGEMENTS.

As a part of governmental co-operation agreement
between Bangladesh and Denmark a DANIDA team
consisting of a Water Engineer a Sociologist and
Hydrogealogist (the writer of this report) was
selected to assist DPHE and UNICEF in a number
of activities relevant for development of
strategies for the Third Five Years Plan within
the field of rural water supply.

This report describes the Hydrogeological
Studies carried out from January 1984 until
December 1985.

The emphasis in this report is placed on the
major task of the Hydrogeologist - Mapping of
Deepset Areas.

The other large task - investigations of the
sline belt, has already been described in "Pilot
Study on fresh water resources in the coastal
belt of .Bangladesh", September 1985, a report
prepared jointly by J.B. Rus, IWACO
hydrogeologist and the writer.

One Inception Report and two Bi-Annual Reports
have been prepared during January 1984 -
February 1985 period where progress of work and
revised work plans have been presented.

One technical note: "TARA Pump, Bangladesh Type,
Evaluation of Limiting Conditions" was submitted
in July 1984.

It is assumed, that the reader of the Final
Report is either familiar with the above
mentioned documents of can refer to them if
needed; therefore unnecessary repetitions were
avoided-

The writer greatly appreciate the invaluable
assistance provided by the DPHE personnel at all
levels, and the UNICEF's contribution mainly
with respect to logistic support and technical
assistance. Without the good spirit of co-
operation between DPHE, UNICEF and DANIDA the
Hydrogeologist's work would be much more
difficult and definitely less enjoyable.

1. 1
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The positive role of MPO, has to be emphasized.
The writer had practically unlimited access to
MPO's computer facilities until the DPHE's
computer was procured. The deepset area maps
were drawn by MPD's draftsmen on the MPO's base
map. The major part of input data was either
directly copied from the MPO's data base or
based on MPO's files.
The close co-operation primarily with the
Groundwater Section of MPO had definitely
positive impact on the outcome of the
Hydrogeological Studies.

The last major contribution to the
Hydrogeological Studies was the Ground Water
Investigation Circle of BWDB. Without their
water level Hydrographs the whole task would be
much more difficult, if not impossible.

- 1.2 -
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2. HYDROBEOLOGICAL STUDIES: OBJECTIVES, STATUS AND
FUTURE.

2.1 TERMS OF REFERENCE.

The Terms of Reference -for the Hydrogeol ogi st
specifies, that his major task is: "to collect
and collate data to determine which areas of
Bangladesh will require handpumps needing to
operate near or beyond the barometric limit";
these areas are in the report called deepset
areas.

The other duties listed in the TOR were:

- assessment of groundwater resources available
for drinking water supply,

- investigation of groundwater quality,

- assistance in pollution studies,

- creation of data bank at DPHE,

- examination of need for laboratories and
trained laboratory staff.

It was understood from the beginning, that TOR
provides a framework and that ^n adjustment and
alteration of duties can be made if the need
arises.

The comments to the duties specified in the TOR
for Hydrogeologist in relation to the work
actually done are summarized below.

Deepset areas.

In agreement with the TOR this has been the
major task for the Hydrogeologist and a major
part of time was devoted to it.

Assessment of groundwater resources.

Groundwater resources for drinking water supply
can be limited in three cases:

-if fresh groundwater is not available within
accessible depth (coastal belt),

-if the quality of groundwater is poor or
unacceptable (iron problem) or

- 2. 1 -
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-if the? pump technology is inappropriate for
a deep water table (deepset areas).

In agreement with the TOR, major effort. was
directed toward assessment of two out of these
limitations: salinity in the coastal belt and
depth to water table (deepset area).

Investigation of groundwater quality-

It was agreed to give this task lower priority
because the only water quality problem of
regional extent - the iron problem - was dealt
with under R&D activities. Other water quality
problems are either restricted to few pocket
areas or ar& not regarded as major ones.

Pollution study.

No assistance was requested for this task.

DPHE's data bank.

Considerable amount of data is already stored on
the computer and it is planned to extend the
data bank to include? new types of data.

Need for laboratories.

This subject is adequately covered within
Bangladesh - Netherlands co-operation.

2.2 MAJOR TASKS.

The major part of time of the Hydrogeologist was
devoted to two tasks: deepset ar&a mapping and
coastal belt investigations (salinity problem).

It is not easy to decide which one of these
problems is more serious. Normally, scarcity of
drinking water of acceptable quality in the
coastal areas is regarded as a main cause of
water-borne diseases. However, the problems
connected with lowering of the water table? and
drying-up of the HTWs may be even more serious
for two reasons: it isa new phenomenon and the
affected people are not accustomed to deal with
it and, in many places, no alternative water
sources are available within reasonable
distance; the ponds are not so common in the
present and the future deepset areas as it is
the case in the coastal belt.

- 2.2 -
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It is widely agreed (DPHET UNICEF and DANIDA)
that both tasks should have top priority.

It is the writer's opinion, that in spite of the?
substantial progress made during the last two
years toward solution to both problems, there is
still a lot of work to be done.

2.2.1 Deepset areas.

An estimate of the magnitude of this problem
(geographically and population-wise) for the
present situation and for the future is made.
This estimate gives planners the possibility to
determine the targets for TARA pump production
figures and helps to determine which areas of
Bangladesh are already within the deepset
category and which areas will fall into this
category in the future.

The results of Hydrogeological Studies are well
suited -for macro-planning, but their usefulness
for • micro-planning, like for example
establishing priorities with regard to
deployment of TARA pump to individual Upazillas
and within these Upazillas, is limited. This
limitation is caused by;

- varying quality of data used for the mapping,

- uncertainty with regard to future projection
of groundwater withdrawal and

- the degree of resolution of the result.

The map of the present and the future deepset
areas should be verified when new (or improved)
data become available. Particularly monitoring
of water level on a permanent basis would be
extremely valuable.

2.2.2 Coastal belt.

An assessment. of fresh water resourced and
solution of drinking water supply problem in the
coastal belt is at preliminary stage.

Unlike the major part of Bangladesh, where good
quality groundwater is easily accessible within
shallow depth, the coastal belt is a difficult

from water supply point of view,

-• 2.3 -
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Three tasks need to be carried out in order to
achieve an improvement of drinking water supply
in the coastal belt:

- development of methodology for investigations
and mapping of fresh water resources,

assessment of water resources and preparation
of proposals for optimal water supply systems
for the individual coastal Upazillas,

technologies appropriate for different
hydrogeological conditions.

At present, the first task - development of
methodology - is finished and DPHE is in the
process of carrying out the two remaining tasks.

It should be expected, that 3 years from now a
clear picture of the water supply situation in
the coastal belt will be available. Already now
it can be predicted, that the cost of safe
drinking water in these areas will be
substantially higher than for the rest of
Bangladesh; therefore careful analysis of
alternative sulutions is necessary.
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3. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS.

A summary of the results of the Hydrogeological
Studies (including some of the essential
assumptions) together with the derived
conclusions and recommended futura activities
are presented under three headings:

- Deepset Areas
- Coastal Belt and
- DPHE's Computer Centre

3. 1 DEEPBET AREAS.

Summary and conclusions .

1.1 Delineation of the deepset areas of
Bangladesh - areas where suction mode
handpumps are not adequate to ensure dry
season domestic water supply for the rural
population - was made; 14 out of the 20 old
districts were analysed.

1.2 Two deepset area maps were produced:
the first (November 1984) drawn on the
basis of the BWDB's hydrogeological network
and the second (December 1985) on the basis
of the same network, but using an Upazilla
as a basic unit. The first map was based
primary on these observation wells for
which correct coordinates were available
while the second map is based on all usable
observation wells.

1.3 The second map shows both the present
deepset areas and the areas which may/will
become deepset in the future.

1.4 The predictions regarding extent of the
future deepset areas are based on computer
modelling of the effect, which an expected
increase of groundwater withdrawal for
irrigation will have on the water table.

1.5 It is assumed, that the expansion of
irrigated areas will take place in three
five-year periods: 1985-90, 1990-1995 and
1995-2000.
At the end of the last period, the
percentage of irrigated areas will become
75 - 85 as compared to present 10 ~ 50X.

- 3. 1 -
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1. ¿i The extent of deepset areas and the number
of people affected <1985 population
figures) were calculated for each phase
of irrigation development:

1985 - 7 million people affected
1990 - 17
1995 - SO
2000 - 6£>

If the expansion of irrigated areas is
carried out as assumed, practically all the
districts without salinity constrains will
fall into the deepset Area, category by the
year 2000 (except for parts of Rangpur and
Dinajpur).

1.7 For a number of Upazillas there is a
certain amount of data inconsistency, which
reduces confidence to future deepset area
predictions for these Upazillas.
A procedure is described for adjustment of
the .inconsistent data.

N.B- For most of the country it will not be
possible to achieve the close to máximum
percentage of irrigated areas (phase 3,
1995 - 2OOO)-, without severe reduction of
dry season river flow. Therefore it is
unlikely, that phase 3 will be implemented.

Regarding continuation of the deepset area-
related activities it is recommended that!

1«8 The Upazillas for which data inconsistency
has been dicovered are screened for input
errors.

1.9 The data inconsistency is removed by using
the procedure described in the report.

1.10 The computer model is re—run with the
consistent input data.

N.B. Activities proposed under 1.8 -1.10 should
be coordinated with organizations providing
the input data (MPO and agricultural
organizations).

- 3.2 -
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1.11 DPHE establishes groundwater level
monitoring network with the purpose to
provide in early warning about lowering
of the water table and to check and verify
the predictions of the computer model.

1.12 DPHE maintains groundwater level data base
and publishes these data.

1.13 DPHE coordinates water level monitoring
activities with BWDB. Regular exchange of
data between DPHE and BWDB would be
beneficial for both parties and additional
work involved in this excercise would be
minimal, as both organizations use the
same type of computer for data storage and
processing.

- 3.3 -
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3.2. COASTAL BELT

The investigations of the coastal belt of
Bangladesh, initiated in February 1985, Arm
described in several progress reports and
summarized and evaluated in the "Pilot Study on
fresh water resources in the coastal belt of
Bangladesh", IWACO, September 1985. The IWACO
report was prepared by J.S. RUB - IWACO's
hydrogeologist and by the writer of this report.
For a comprehensive description of these
investigations a reference to the IWACO report
has to be made.

In this report, only short summary of events
related to the Hydrogeological Studies within
the Bridging Operation and selected general
conclusions and recommendations will be given.

Summary.

2.1 The need for conducting special
investigations in the unser ved/under served
coastal Upazillas was recognized long time
ago. A pilot study of groundwater supply
system was proposed in March 1984: "R&D
Activity, VSST and Estimation of the
Groundwater Resources in the Coastal Zone",
E. Gosk, 21.3-1984.

2.2 Launching of such a pilot study was
postponed until evaluation of two "Crash
Programmes on VSSTs" (Very Shallow Shrouded
Tubewells) selected coastal Upazillas.

2.3 The Crash Programmes provided valuable
information about the investigated areas
but did not give guide-lines for
investigations of the saline belt. The need
for an alternative approach was recognized.

2.4 In February/March 1985 a study with the
primary objective to indentify suitable
methods for mapping of VSST-feasible areas
was initiated by the R&D Committee. The
proposal for this investigation and the
field work was done by a team consisting of
0PHE engineers, IWACO consultant and the
writer.

- 3.4 -
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Considerable support and assitance during |
project -formulation and mainly during -field J
work was provided by UNICEF. The field work Í
continued from the end of February until
the beginning of May and the Final Report . i
was made in September 1985. ,

Conclusions.

2.5 The hydrogeol ogical conditions in the •',
coastal areas varies considerably within
short distance.

2.6 A wide range of investigation methods is |
required for an evaluation of fresh water
resources in these areas.

2.7 A large amount of information is already
available, but there? is a need to organize
this information in a way suitable for an
assessment of drinking water resources.

2.8 An assessment of drinking water resources
should consist of desk study and field
investigations.

2.9 The major components of desk study should
consist of preparation of Upazilla maps -
topographical maps 1:50,000 with Upazilla
and Union boundaries and with tubewell
information added to the map. There should
be one map for every coastal Upazilla. The
desk study should end with formulation of a '
number of questions which have to be
answered through field investigations and
the field investigations should be planned
accordi ngly.

2.10 The field investigations should consist of:

- inspection of characteristic parts of
Upazilla (old and new areas, lower and
higher lying areas, flooded and non-
flooded areas, tubewell successful • and
tubewell unsuccessful areas, etc.).

- collecting information about water use
pattern, " ;

- 3.5 -
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- conducting geoelectrical
measurements at selected locations,

- collecting representative number of
conductivity measurements, both -for
surface and groundwater,

- drilling of shallow and/or very shallow
test tubewells for verification of the
geoelectrical measurements and for
groundwater quality determination.

2.11 The information obtained during field
investigations should be added to the
previously prepared Upazilla Maps.

2.12 Following alternative water supply systems
•for coastal Upazillas should be analyzed:
VSSTs, sand filters, deep tubewells,
protected/ unprotected ponds and
artificial tanks for rain water collection.
A catalog describing these water supply
systems with respect to price, number of

• users, quality of water, reliability,
maintenance etc. should be prepared.

2.13 The assesment of fresh water resources
together with the above mentioned catalog
of alternative solution should be used to
propose the optimal type of drinking water
supply system for each Upazilla.

Recommendati ons .

2.14 The work initiated by the recent Coastal
Belt Investigation should continue along
the guide-lines described in this report
and the "Pilot Study" report.

2.1 15 An attempt to finish the mapping excersist?
within the next 2 - 3 years using the
expertise available at DPHE <at least for
the major part of work) will require almost
full time involvement of 2 - 3 engineers
(preferably familiar with this work).
There-fore it is recommended, that the
necessary personnel is assigned for this
task.

3.6 -
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3.3 DPHEs COMPUTER CENTER

Summary and conclusions.

3.1 The computer centre was inaugurated by the
Minister on October 1st, 1985.

3.2 The centre was created on request -from the
management of DPHE with support from UNICEF/
DANIDA.

3.3 The computer equipment was taken over -from the
Hydrogeoloqicai Study task.

3.4 There are three main objectives for the computer
centre:

- to improve the quality of periodical reports
to the government,

- to establish and maintain DPHE's data base and,

- to,enable DPHE to perform new tasks requiring
use of computers (continuation of deepset area
task, piped water supply calculations, DPHE's
Hydrogeological Monitoring Network, etc.).

3.5 An introductory computer training <3 months) for
ten DPHE's engineers was conducted at BUET.

3.6 A three month intermediate level training for 5-7
persons was provided by an individual trainer at
DPHE's computer centre.

3.7 An additional course of 3 months duration,
primarily for two system managers, is being
carried out by an individual trainer.

3."8 It can be concluded, that DPHE's computer centre
has been started in a proper way and the necessary
conditions for an efficient running of the centre
are created.

Recoiwmendat i ons.

3.9 The positive attitude of the management toward
training of th« younger engineers should continue.

3.10 One of the two system managers should alway be
present at the centre to prevent an unauthorized
use of the facilities and reduce possibility for
damage of the equipment.

- 3.7 -
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3.11 Further software development should be encouraged.

3.12 Closer co-operation with other organizations,
particularly those using the same type of computer
- MPO, BWDB -• should be established.

3.13 A permanent information channel to the senior
staff of DPHE should be established..
A monthly "Newsletter", describing recent software
development, would enable the management to judge
the centre's ability and give guide-lines for
future development. The system manager(s) should
be in charge ôf this task.

- 3.8 -
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4. DEEPSET AREA MAPPING

Deepset Areas can be defined as areas where hand
tubewells of suction type can not be used as
means of water supply for the rural population.

It was chosen to select an Upazilla as the basic
unit and all calculations refer to the
Upazillas. Only one value of each parameter is
chosen as valid -for the Upazilla.

An Upazilla is included in the deepset category
if one or more of the Water Level Hydrographs
(WLH) show moré than 8m to water table;
therefore it should be expected that the extent
of deepset areas is overestimated.

An attempt was made to predict the future extent
of deepset areas by assuming an increase of
groundwater withdrawal in three phases:

phase 1 where 257. of the Net Cropped Area
(NCA) which presently is not irrigated is.
brought under irrigation,

phase 2 where this percentage is 50 and,

- phase 3 where this percentage is 75.

The coastal areas of Bangladesh consisting of
Khulna, Bari sal, Patuakhali, Noakhali and
Chittagong (old districts) are not included in
the mapping exercise for two reasons:

- it is unlikely that these areas may become
deepset areas due to salinity constraint
on irrigation development,

the model applied for prediction of the
future deepeet areas is not valid if deep
aquifer (the only substantial groundwater
source in these districts) is used for
irrigation.

The last district not included in the analysis
is Chittagong Hill Tracks. The topography of
this district precludes any meaningful1 mapping
without an adequate contour map. It may be
assumed that, except the valleys and locations
close to and at the level of permanent water
bodies, the district can be regarded as deepset
area.

- 4. 1 -
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The description of the deepset area mapping
exercise is divided into 6 parts:

- chapter 4.1 where the purpose is outlined,

- chapter 4.2 where principles -for delineation
of the present deepset areas are given,

- chapter 4.3 where the methodology -for
calculation of the future water table are
described,

- chapter 4.4 where the results of calculations
presented,

- chapter 4.5 where all the data used in
analysis are described and characterized and,

~ chapter 4.6 where ways of improvement of the
future deepset ureA map Are suggested.

Chap, 4.1, 4.2 and 4.4 ^re of general interest,
while chap. 4.3, 4.5 and 4.6 contain details
essential for an understanding of the applied
methodology and for future work with deepset
areas.

41 1 PURPOSE

The main purpose of the mapping excercise was to
provide DPHE and UNICEF with an assessment of
the present deepset areas and with prediction
about future increase of these areas. A lot of
resources have to be mobilize and it requires
good ahead planning to meet the demand of rural
population facing severe water supply problems
caused by lowering of the dry season water
table.

Therefore it is necessary to have an estimate of
the present and the future deepset areas.

- 4.2 -
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4.2 PRESENT SITUATION.

In November 1934 a map showing the extent of
Present Deepset Areas was prepared (Annex 1).
The criterion -for classifying an area as deepset
type (Annex 1) was minimum water level of more
than 7.75 m.b.s. occurring within the whole
period for which the Water Level Hydrograph
(WLH) was recorded; erroneous and unexplainable
records were excluded from the analysis.

The approach in this report is different. An
Upazilla is chosen as a basic unit and one set
of parameters is assumed to be valid for the
whole Upazilla. The moot unfavourable water
table conditions (maximum depth to water) are
assumed representative for Upazilla, provided
that the most unfavourable WLH is not
significantly different from the other WLHs of
this Upazilla.

The Upazilla is classified as deepset if the
assigned maximum depth to water table is greater
than Bm.

For Upazilla without any reliable WLHs, &n
interpolation based on values from the
surrounding Upazillas and the knowledge of the
hydrogeological situation was made.

.
The extent of present deepset areas on the
Upazilla basis is shown on the Map, Annex 2,

4.3 -
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4.3 FUTURE DEEPSET AREAS, METHODOLOGY.

Prediction of the future extent of deepset areas
is dependent on the development of agriculture.
An increase of irrigated areas will create
increased withdrawal of groundwater and lowaring
of the dry season water table.

In this chapter the principles for transferring
the increased water withdrawal into expected
water table maps is described»

As always, when the hydrogeological modeling is
concerned, the quality of the data is essential
for the confidence to the simulation results.
The discussion of data quality and
representativeness is done in chapter 4.S and
here only the principles of the model
presented

4.3.1 Water balance.

Setting up a water balance is a widely used
method for analysis of hydrogeological systems.

The components of the water balance are shown on
fig.4.1 and are described by equations 1-4.

The general form of the water balance equation

water in = water out +• change of etorage(l)

Using the symbols defined on fig.4.1, the water
balance equations for different time» of the
year becomes:

DP » CF + BF + (dH/dt> x SY, May-Qct. (2)

0 m CF + BF + (dH/dt) x SY, Nov.-Dec. (3)

O - BW + BF + (dH/dt) x SY, Jan.-April<4>

- 4.4 -
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where:

DP
CF
BF

dH/dt

SY
GW

deep percolation
capilary flux
a part of the base flow of the
river which comes from the aquifer*
In most cases the BF value will be
positive - the aquifer contributes
with water, but situations may
occur, where BF value becomes
(periodically) negative,
change of the aquifer head (water
table) per unit time,
specific yield
(rate of) groundwater withdrawal
per unit area.

Comments to the equations;

the water balance can be expressed in any
convenient length/time - units. Normally
one would choose mm/day or mm/week.

- the change of aquifer storage is
represented by (dH/dt) x SY.

- the equations 2-4 ar& good approximation
for the conditions occurring in an average
(typical) year but an unusual rainfall
distribution may change the periods of
validity for these equations.

Definition of the water balance component».

Deefi JJerçol^tign, expresses the rate at which the
saturated part of the aquifer is recharged by
water infiltrating through the unsaturated zone.
This component can not be negative.

Canilary_ ÍJiííL expresses the rate at which
groundwater is removed from the saturated part
of the aquifer due to capilary action of silt-
containing sediments. This component becomes
negligible if water table falls below the
capilary suction limit (up to 2-3m). It is
assumed that capilary flux becomes zero by the
end of December.

4.6 -
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S i_l°i? expresses the rate at which the
saturated part of the aqui-fer is exchanging
water with rivers and canals» Base flow is
positive i-f there is an outflow from the aquifer
and negative in case of inflow. The head (water
table) difference between aquifer and river
determines the sign and the magnitude of the
base flow. This component of the water balance
equation is present during the entire year.

Cha/iejê qf _storage expresses the rate at which
the volume of groundwater in tha aquifer is
increasing (rise in water table) or decreasing
(fall in water table). This component of water
balance is positive if groundwater level is
rising and negative if groundwater level is
fal1 i ng.

Groundwater withdrawal expresses the rate at
which groundwater is removed from the saturated
part of the aquifer through pumping (DTW, STW,
HTW and MOSTIs). LLPs do not remove groundwater
directly-but cause lowering of the water level
in rivers and by that an increase of groundwater
outflow towards the rivers (increase of base
flow).
For the purpose of calculations it was assumed
that 20X of LLPs withdrawal comes from
groundwater.

Groundwater withdrawal is positive for the
January-April period and is assumed to be zero
for the remaining part of the year.

This simplification is justified by calculations
showing that groundwater withdrawal for
irrigation is several times greater than the
withdrawal for domestic use - HTWs withdrawal.

The water balance aquations.

There are five components of the water balance
equation: deep percolation (DP), capilary
flux(CF), base flow (BF), groundwater withdrawal,
(GW> and change of storage ((dHZdt)xSY).

In our case, the period of interest is January-
April and two of the components becomes zero:
deep percolation and capilary flux.

- 4.7 -
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data

ft
to

<SY> can
and

is the
measure

be
from

base
with

Furthermore the value of BW and dH/dt can be,
relatively easy, obtained from the files of
argricultural organizations <BW) and from DWDBs
water level monitoring network (dH/dt).

The value of specific yi<
estimated from bore-log
1 iterature.

In theory the only unknown left
flow, which is difficult
sufficient degree of accuracy.

In practice, however, there are several problems
caused by:

- variation of hydrogeological conditions
within Upazilla (water levels and SY),

- inhomogenous distribution of irrigation
wells within Upazilla,

- insufficient or/and wrong data.

Therefore the solution of the water balance
equations may not always provide reliable
results.

- 4.8 -
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4.3.2 Future water table.

To determine the future water table it is
necessary to assume the present water table and
calculate how much this water table will be
affected by a change or water balance equation
components.

Water level Hydroqraphs (UILH) .

The present water table is estimated from
analysis of 808 WLHs from 14 districts. There
were several Upazillas where no WHLs were
available and for some Upazillas there were as
many as 10 (in one case 15 usable WLHs).

In most cases there was a moderate variation of
the maximum depth to water table-values for the
different WLHs and choice of a representative
value did not create problems.

In few cases the variation was large and it was
difficult to assign one depth-to-water value
which would be representative for the whole
Upazilla.

The WLHs showing the deepest water table was
chosen as representative if the data quality was
acceptable and if other hydrographs from this
Upazilla did not «how significantly higher water
table.

If no WHLs were available for an Upazilla,
interpolation between neighbouring Upazillas
were made.

An important conclusion from the analysis of the
WLHs is that the dramatically increased
groundwater withdrawal for irrigation, since
late seventies, did not cause mining of the
aquifers <groundwater mining is understood as a
situation where both dry and wet season water
level is decreasing). . ..

Table 4.1 summarizes the Upazi 11a-wise trend
situation of WLHs.

- 4.7 -
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District

Bogra
Comi lia
Dhaka
Dinajpur
Faridpur
Jama1pur
Jessore
Kushtia
Hymensingh
Pabna
Rajshahi
Rangpur
Sylhet
Tangai1

No of Upazil

Total

16
27
35
23
27
13
21
12
35
18
32
35
37
11

Trend

4
4
9
0
0
0|
2
1
2
5
12
2
3
7

las

Indication
of trend

4
2
1
0
0
1
2
1
3
1
7
2
0
1

Table 4.1: Upazi 1la-wise summary of the
groundwater level trend situation.

In spite of the fact that the dry season water
level in quite a large number of Upazilla is
becoming lower from year to year, the aquifer is
still being filled up during the monsoon.

For most of the country, the increased
groundwater withdrawal for irrigation can not
even be detected on the WHLs and, from equation
3, it can be concluded that (in this case)the
increased groundwater withdrawal can only b«
absorbed by reduction of the Jan.-April base-
flow.
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4.3.2.1 Estimation of the future groundwater withdrawal.

I-f the groundwater withdrawal remained
unchanged, the dry season water table would be
dependent on the rain-fall variation and changes
in drainage base (river levels).

An increase of agricultural production requires
however an increase of the irrigated areas.

therefore our model is based on the assumption
that the irrigated area will increase until,
practically, all the cropped area is brougt
under irrigation.

From calculation point of view it was convenient
to relate the increase of the irrigated area to
the fraction of the Net Cropped Area which
presently is not irrigated.

In our model it was assumed that the non-
irrigated part of the NCA will be reduced in
three phases and within each phase 2551 of the
presently non-irrigated areas will be brought
under irrigation.

The groundwater withdrawal is proportional to
the Artta . which is irrigated and to the
irrigation demand - amount of water needed for
irrigation of a particular combination of crops.

' For the calculations of future situations it was
assumed, that the future irrigation demand will
remain the same as it is now and that the future
withdrawal can be calculated as a ' sum of the
present withdrawal and the additional withdrawal
caused by an increase of the irrigated areas.

4.3.2.2 Calculation of future drawdowns.

Calculations of the future water table situation
is a difficult task and it was necessary to make
a number of assumptions based on analysis of the
Water Level Hydrographs <WLHs) and on evaluation
of groundwator withdrawal figures.

It is assumed that:

— the present withdrawal is in balance with
the groundwater storage and the base flow,

- 4. 11
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which means that in absence of an increase
in withdrawal, the dry season water level
will remain on the present level,

an increase in groundwater withdrawal will
be compensated by depletion of the storage
and reduction o-f the base flow.

The first asumption is equivalent to saying that
the groundwater resources are equal or larger
than the present withdrawal and that the
limitation to groundwater utilization is imposed
by pump technologies and consequences for
domestic water supply rather than by the size of
the resource.

This is confirmed by analysis of the WLHs;
except for few wells, the present monsoon water
table remains at the same level as water table
from the period where no substantial irrigation
withdrawal took place.

The second assumption requires that percentages
of the increased groundwater withdrawal which
will affect water table (depletion of the
storage) and base flow are known.

Again, the UHLs were used to decide how much of
the extra withdrawal will result in lowering of
the water table and how much as reduced base
flow. Three situations were defined where:

the patterns of the past and the present
water level fluctuations are similar and
no effect of irrigation withdrawal can be
detected,

- the present situation seems to be
influenced by the withdrawal, but no
definite prove of lowering of the water
table exist» (either due to short
observation period or small changes of
water level),

- there is a well defined increase in the
depth to water table.

It is obvious, that an increase of the
groundwater withdrawal above the present level
will have different effects for the above
mentioned situations. tn the first case it was
assumed that 50% of the additional withdrawal

- 4.12 -
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will result in depletion of the aquifer and 5QX
in reduction of the dry season base -flow. In the
second and third case these percentages were
assumed to be 7O/3O and 90/10 respectively.

With -further increase of groundwater withdrawal
(as deeribed in chapter 4.3.2.1) it may be
expected, that relatively larger part of the
withdrawal will affect the water levels and
smaller part the base flow.

As a consequence of these considerations, a
parameter called drawdown factor was introduced.
The drawdown factor defines what fraction of the
increased withdrawal will result in lowering of
the water table.

Depending on the situation, the drawdown factor
can take values equal 0-5, 0.7 or O.9 for the
first phase of future development of groundwater
resources (reduction of the non-irrigated part
of the NCA by 25%) and 0.7 or 0.9 for the second
phase (re'duction of the non-irrigated part of
NCA by 50V.) .

For the third phase (reduction of the non-
irrigated part of NCA by 757.) it is assumed that
all withdrawal will be counterbalanced by
lowering of the water table Cdrawdown factor «

With the drawdown factor defined according to
the rules described above the expected drawdowns
for phase 1,2 and 3 are calculated by
multiplying the respective additional
withdrawals by this factor.

The resulting depth to water table valúes
then obtained by adding the calculated drawdowns
to the present depth to water table.

- 4.13 -
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4.4. RESULTS OF SIMULATION.

This chapter gives a summary of the large number
of figures contained in the computer print—outs,
Annex 3.

The discussion regarding methodology, data
quality and consistency of results is done in
chapter 4.3, 4.5 and 4.6, respectively and will
not be repeated here.
Therefore, the reader who is interested in this
essential background information, is referred to
these chapters.

All the variables from Appendix 3 are described
in chapter 4.5 in order of appearance.

From the point of view of DPHE the following
questions arB to be answered:

1. Which Upazillas have to be regarded as
deepset already now?

2. Which Upazillas will fall into this
category in the future?

3. When will it happen?

4. How many people are presently affected and
how many people will be affected in the
future by the lowering or the water table?

5. Which Upazillas can not be served by the
locally produced deepset TARA pump (max.
lift around 15m)?

This report tries to give answers to all these
questions.

- 4.14 -
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4.4.1 Country-wide summary.

One table (Table 4.2) and two drawings, based on
the data from this table, (fig. 4.2 and 4.3)
were prepared to illustrate the most important
aspects of the simulation model.
Comments to the summary contained in Table 4.2
are given in chapters 4.4.1.1 - 4.4.1.3

4-4.1.1 Net Cropped Area, irrigated area and irrigation
demand, (table 4.2, fig. 4.2).

For Bangladesh the percentage of NCA is fairly
constant (70-80X), except Sylhet where this
percent is only 56, <fig. 4.2).

There are three districts (Tangail, Bogra and
Jamalpur) where between 1/3 and 1/2 of the NCA
is already irrigated, while for the " other
districts the percentage varies between 9 and
27.

If it was possible in some districts to achieve
rather high irrigation coverage within one
decade it should be technically possible to
achieve close to full irrigation coverage by the,
end of the century. It can be mentioned, that
quite substantial increase of the irrigated
areas could be obtained without increasing the
number of irrigation wells. Better management
and sharing of tubewells by more users could
improve utilization and increase command areas.

The constrains to the increase of irrigated
areas are therefore defined by groundwater
availability, groundwater abstraction technology
and groundwater withdrawal's effect on the river
flow.

An evaluation of these contraine is not a part
of this report and therefore an alternative way
to define the future expansion of irrigated
areas was adopted: it was assumed, that the
irrigated areas will increase in three periods
in such a way that for every five years there
will be an increase of irrigated areas equal to
25% of presently non-irrigated part of NCA.

- 4.15 -
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\iane

11
NCA

XKCA
irriaated

Irrisatian
desandist

Potential
recnargeitu

Groursdttattr
storage tip Ta

Freserit srci*
talisr SJHTU

-daatef trittidranai
l.STy i,DTU 1,D

1 Deepset
ther iPresent

area
199E

population
1995

inI
20DG

\

3o9ra
Ca.ilU
3haka
Oinajsur
Faridpur
Jaaâipyr
JeSiOrs
KuSfitia
Nysens i ngh
Fabna
Rajshabi
Sanjpur
5/!f*t (*)
Tangat!

74
77
¿8
72
71
79
7?
71
72
75
72
71
54
74

43
22
25
14
12
35
10
23
27
22
16
17
9
48

¿31
¿30

m
4¿Q
442
474
529
328
715
725
628
507
575
753

534
585
594
46S
531
847
257
241
494
417
414
755

m
464

233
153
233
341
14Í
253
172
221
141
273
284
242
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55
37
14?
53
42
97
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72
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3
222

3
¿3

6
17

M

Ç

7
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n

58
25
34
41
44
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40
43
33
51
bk
54
9
54

29
41
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U
14
28
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41
44
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13
28
15
32

11
21
14
7
21
9
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7
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S
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9

0
11
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n
U
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0
Q
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A
L

51

5
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2
*
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?5

7
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39
31
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9
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u
43
38
37
33
100
G
32
35

79
1GD
98
44
iCG
94
130
82
1Q0
94
100
42
73
91

Table 4.2 Distr ict sumaries.

(*) = data fsr SylHet incaaplete '• nunbtr of HTUs and tfOSTIs ret
available at the tiae of calculations.
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For the major part of Bangladesh it will not be
possible to increase the irrigated &reat beyond
around 607. of NCA due to the constrains
mentioned above and water table conditions
corresponding to the last phase of development
are highly hypothetical.

The typical irrigation demand is around S00 -
7OOrom, except for Kushtia district where
relatively large percentage of wheat is
cultivated and the irrigation demand is slightly
above 300mm.

Simple calculations, see the example below,
charaterize a situation which would occur with
full irrigation and high irrigation demand.

Ex amp 1 e:

If the NCA is 75X, irrigated area covers 90X of
the NCA and irrigation demand is 7OOmm, it is
required that the aquifer provides up to 400mm
in the January - April period for irrigation
alone; with specific yield of 0.05 it
corresponds to lowering of the water table by
8m.

As the groundwater level in January is typically
few meters below surface, the lift by the end of
the dry season would be far beyond the suction
limit.

These calculations are done under assumption,
that the groundwater storage is not depleted by
aquifer's contribution to the base flow in the
January - April period. In fact, lowering of the
water table of that magnitude may result in a
situation where river level becomes higher than
groundwater level. This will, in most cases,
reverse the flow and cause removal of water from
rivers. Taking into account that the dry season
flow in rivers is already insufficient, it is
easy to imagine the severe problems which will
be created for navigation and fisheries.
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4.4.1.2 Potential recharge, groundwater storage and
present groundwater withdrawal (table 4.2T fig.
4.3).

The potential recharge - maximum amount of water
which can infiltrate down to the aquifer under
present rainfall conditions - varies from 24Omm
for Kushtia to 850mm for Jama1pur.
Normally, a part of recharge is rejected due to
insufficient storage capability of the aquifer.

Groundwater storage - amount of water stored
during monsoon and utilized during dry season -
varies between 140mm in Faridpur and Kushtia and
430 in Tangail.

The present groundwater withdrawal varies from
more than 20Omm in Bogra and Tangail to less
than 10mm in Sylhet and the typical withdrawal
value is around lOOmm. STWs are normally
responsible for the major part of withdrawal,
while HTWs take normally less than 10'/..

For a balanced hydrogeological system the
following relations between potential recharge
(PR), groundwater storage (GS> and groundwater
withdrawal (GW) should be expected:

PR* 2 x 6S
GS Z I - 5 x GW

The first relation is not valid for Kushtia
(where 6S almost equals PR), Rajshahi, Jessore,
Tangail, Bogra and Dinajpur. Probable reasons:
overestimated storage for Rajshahi and
underestimated potential recharge for the other
districts.

The second relation is not valid for Bogra,
Mymensingh and Jamalpur. If the withdrawal is
correct, the storage should be increased.
For all the other districts both relations are
fulfilled.

- 4.2O -
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4.4.1.3 Population of deepest areas (fig 4.4).

The deepset area population is calculated tò:

- 7 million (1985)
- 17 million (1990)
- 50 million <1995)
- 66 million (2000)

The population figures refer to the year 1985
(1981 census with an addition of 107.). Each
Upazilla is classified either as non-deepset or
belonging 1OOX to the deepset category.

The percentages of population within the 1985
deepset areas are highest in Rajshahi and
Tangail (50 and 407. respectively).

None of Upazillas within 6 districts were
classified as deepset.

From 1990 13 out of the 14 analysed districts,
except Rangpur, will have deepset areas.

From the year 2000, practically all Upazillas
would become deepset.

Here again it should be stressed, that phase 3
(1995-2000) is highly hypothetical and the
constrains outlined in chapter 4.4.1.1 will
prevent the full development of irrigated areas.

The population figures are summarized in table
4.3 and visualized on fig» 4.4.
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District

Bogra
Comi lia
Dhaka
Dinajpur
Faridpur
Jamalpur
Jessore
Kushtia
Mymensingh
Pabna
Rajshahi
Rangpur
Sylhet
Tangail

total

Total

Popul.

3.0
7.6
7.7
3.4
5.2
2.7
4.7 ,
2.5
7.2
3.7
5.8
7.1
6.2
2.7

69.5

Deep set

1985

_

O.9
t.4
-
-

-
0.4
0.5
0.2
3.0
_

0.3
1.1

6.8

: areas population

1990

1. 1
1.3
3.2
-
—

O.5
0.6
O.8
2.0
1.4
4.4
-

0.5
1.1

16.9

1995

1.1
6.2
7.2
0.3
4.6
1.2
3.0
1.0
6.3
3.0
5.8

2.4
2.3

SO. 4

2OOO

2.4
7.6
7.6
1.6
5.2
2.5
4.7
2.1
7.2
3.6
5.8
3.0
4.9
2.5

65.7

Table 4;3 present and future population
within deepset areas;

year 1990 - 25% of NCA, prosently
not irrigated is brought
under irrigation.
507.
757.

year 1995
year 2000
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4.5 INPUT AND OUTPUT, COMPUTER CALCULATIONS.

The result of computer calculations are
presented in Annex 3. There are four pages of
print-out for each district (Table 1-3).

As mentioned before, all the calculations are
done using Upazilla as a basic unit, which
implies that only one value of each parameter is
used to characterize the required property for
the entire Upazilla.

The quality of predictions about the extent of
deepset areas depends heavily on:

the accuracy of mathematical description of
the situation,

- the representativeness of input data,

- the reliability of input data.

The mathematical model is described in chapter
4.3, the results in chapter 4.4 and here an
evaluation of data reliability and
representativeness will be made.

The data representativeness is understood as an
ability of the particular type of data to
express the required properties or conditions
for the Upazilla by a single number.

Examples, representativeness;

for an Upazilla with the minimum water level
varying -from 3 to 9 m.b.s., for two
different wells, it is difficult to choose
one representative minimum water levwl
value.

- number of deep - or shallow tubewells. in the
Upazilla may not be representative if these
tubewells are concentrated in specific parts
of the Upazilla.

With other words, the data may be accurate, but
not necessarily representative.

- 4.24 -
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The data reliability express the level of
confidence to the accuracy of the data. The data
may not be reliable either due to inadequate
data collection procedure (erroneous
measurements, insufficient care, etc.) or due to
difficulties in transferring the measured values
to the required parameter.

ExamplesT reliability;

- relatively large number of water level
hydrography has to be regarded as unreliable
either due to wrong measurements or errors
in data processing procedures.

- specific yield values may be unreliable
because it is not possible to determine
these numbers in the field or calculate
by other means with sufficiently high
degree of accuracy.

To make a judgement of the predictions regarding
future deepset areas, it is necessary to define
representativeness and reliability of the input
data and sensitivity of the model for changes in
the input data.

The following chapters 4.S.I - 4.5.17 describe
all the input data and the calculated values in
a sequence corresponding to the computer print-
out (Annex 3, Table 1-3).

4.S.I MPO Code and Upazila Name.

Upazilas in MFO's database »re arranged
alphabetically and a number (ranging from 1 to
SOI) is assigned for each Upazilla.

Advantages with this system are following:

- searching for a number is easy and
errors associated with rather arbitrary
spelling of many Upazilla names ar&
avoided,

- arranging of Upazillas in alphabetic order
makes transfer of data from computer
print-out to maps much faster.
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There arm some disadvantages with the present
system!

- the numbering system is adopted with
reference to the whole country. Majority of
tasks refer to districts and therefore it
would be more convenient to have an
alphabetic ordering scheme within each
district. The present numbering system does
not give the possibility to locate
Upazillas geographically based on the
MPO Code Number,'

the numbering system does not take into
account the possibility of administrative
changes <creation of new Upazillas); if a
new Upazilla is created, the number
assigned to it would be either higher than
501 or the new Upazilla's code number
would correspond to the new alphabetic
order which would change the code numbers
for all the following Upazillas.

4.5.2 Population data, <P0PUL<000> in the
print-out).

type of data : input

source : Statistical Pocket
Book of B'desh 1982

influence on : none
deepset area

prediction

representativeness : good

reliability : good

improvement s practically not
possible

The population figures are based on 1981
population census. For the purpose of
calculation it was assumed that 1985 figures »r&
107. higher than the 1981 figures.

For some of the Upazillas the population figures
not yet available.
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4.5.3 Tubewell information.

type of data s input

source : MPO, DPHE

influence on : substantial
deep'set ar&a '
prediction

representativeness : varying,depending

on conditons

reliability ' : medium

improvement : possible

This section of input data contains three types
of information:

about the number of tubewells <NHTW, NMQS,
NSTW, NDTW),

about the percentage of STWs and DTWs in
operation <XOS, */.OD) and

about average area irrigated by one and
one DTW <UAS and UAD).

It is assumed that 80*/. of HTWs and MOST I» are
in operation.

For the LLPs, the data about number of pumps in
operation were readily abvailable; in this
connection it has to be mentioned, that LLP data
may not be fully correct, as number of operating
pumps equals number of installed pumps in most
of the cases, while for some districts none or
very few of the hundreds installed pumps are
listed as being in operation.

Fortunately the influence of an error in number
of LLPs will have only limited effect on
groundwater level calculations. As the LLPs take
water directly from the rivers and canals, it is
assumed that the indirect groundwater
abstraction equals 207. of the yield of the LLP
(due to increased outflow from the aquifer
caused by water withdrawal from the rivers).

It is not unlikely, that the net effect at the
LLP on the groundwater is close to zero.
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4.5.4 Area irrigated.

type of data : output

source : DPHE's calculations

influence on : substantial •
deepset area
prediction

representativeness s depending on Tubewell
Information,
chapter 4.5.3

reliability : depending on Tubewell
Information,
chapter 4.5.3

improvement : depending on Tubewell
Information,
chapter 4.5.3

For MOSTIs it is assumed that 8OX of these are
in operation, and that each unit irrigates
0.2 ha (personal communication, MPQ)j

area irrigated, MOSTIE * NMDS x 0.8 x 0.2

For DTWB, STWS and LLPs the irrigated area is
calculated by multiplying the number of
tubewells by percentage of tubewells in
operation and unit area irrigated by one
tubewell:

area irrigated, DTWB m NDTW x 7.0D x UAD

Aroa irrigated, STWs - NSTW x 7.0S x UAS

area irrigated, LLPs =* NLLP x 1-0 x 16

For the LLPs the number of pumps in operation is
given as input data and the area irrigated by.
one LLP is assumed to be 16 ha (personal
communication, MPO).
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4.5.5 Irrigarían demand.

type of data

source

influence on
deepset area
prediction

representi venes»

reliability

improvement

: i nput

t MPO's Data Base

t moderate

i good

i good

t possible,particularly
if cropping pattern
will change in the
future. ' '

Actually, this data are not directly input data
but rather a result of manipulation of the duty
values.

Irrigation demand expresses the average amount
of water needed for irrigation. Irrigation
demand will be higher for Upazillas with High
percentage of rice cultivated areas and lower
for Upazillas with high percentage of wheat
cultivated areas. The MPOs Data Base provided
"duty" - values (number of hectare which can be
irrigated, mn average for the Upazilla, by one
million m3>. The inverse of this value
multiplied by a unit conversion factor (100,000)
provides irrigation demand in nun of water. If
various development strategies are considered,,
the irrigation demand han to be re-calculated.
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4.5.6 Groundwater withdrawal.

type of a ata

source

influence on
deepset Area
prediction

: output

: DPHE's calculations

: substantial

representativeness : depending on tubewell
data

reliability

improvement

: depending on tubewell
data

: depending on tubewell
data

Broundwater withdrawal is calculated in two
types of units: million m3 and mm. The«e two
figures are related through the total Arma of
the Upazilla.

Groundwater withdrawal consists of two parts:

- groundwater withdrawn for irrigation which
equals total irrigated area multiplied by
irrigation demand and

- groundwater withdrawal for domestic
purposes which equals NHTW x 0.8 x 7OO x
0.5 x 3.6/1,000,000; it is assumed that
SOX of HTWs is in operation for 7OO hours
per year at a pumping rate of 0.5 1/sec
<the factor 3.6/1,000,000 is used to
express withdrawal in millions m3).
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4.5.7 Recharge estimates.

The three numbers presented under this heading
are not directly comparable and Are listed
mainly for reference purposes.

4.5.7.1 Recharge estimates. UNDP

type of data ; input

source : Groundwater Survey,
the Hydrogeological
Conditions of B'desh
UNDP report, 19B2

influence on : none
deepset area

prediction

representativeness : poor

reliability : poor
improvement : not applicable

UNDP estimates Are one of the first attempts to
describe the potential recharge districtwise.
Recharge figures «re based on infiltration
properties of the top-soil and the available
rainfall.

Prescribed percentages of the rainfall were
routed as surface run-off and as base flow while
the rest was called "recharge".

Taking into account the distribution or rainfall
within the year, the variation of depth to water
table and variation of the specific yield it is
clear that direct proportionality between the
total rainfall and recharge can only be regarded
as a first step approximation.
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4.5.7.2 Recharge estimates, MPO

type of data s input

source : MPO

influence on z limited
deepset area

prediction

representativeness : moderate

reliability : high

improvement : possible

MPO's potential recharge figures BLCB baaed on
computer modeling of the hydrogeological
processes taking place in the nature. A very
large amount of information is incorporated in
the model (see table 4.4) and the methodology is
appropriate. However, the recharge figures can
not always be regarded as final until more field
measurements and cross checking of the data is
made. Field measurements of infiltration
capacity, determination of transmissivity and
head distribution in the aquifers, soil moisture
profiles measurements and base flow measurements
can be combined to calibrate and verify the
model and improve the quality of recharge
estimates.
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T a b U - ^ M : cur.» LIST OF THE VARIABLES REWIRED AND USED FOR

Recharge Assessment Variables and Procedure

».

2.
3.
4.
5.
4.
7.
8.
9.

10.
I I .
1?.
13.
14.

It .
17,
18,
19.
20,
21.
22.
23.
24.
25
7»
77
28.
29.
30.
31.

33.
34.
35.
34.
37.
38.
VI.
40,

41.
42.

43.
44
45,
44

47

48
49
50

Keteorolegital Data

Bean «nnn»l F?infall

10 day Rainlall variation over a 70 year period
Evaporation
EvapotranspiraMan
Interception ol rainlall by vegetation
Effective runoff

Vegetation and Land Use
Variability over Bangladesh tor 140 latchienls

14 day daily croping patterns
Un cultivated land

Urban i - f j i

?e* gndens
Forest!
UV.er Ptjdies - S'.alic IBeels, htors)
Itatpr Undies - Pi ver s
tO day daily flood depth

lMf.hll.tili
Land - 13 Physiographic Units
Land - For t i l 878 Soil Así-Kjalion;

flood phases
Cultivation prattire Met U"d rice
Cultivation practice dry Und crrps
Field b'wds to hold standing Maters
Soil infiltration ratp

Soil storage capacity
Full saturation

, f ield i»pacity
Wilting point

S^!lM^^C!.unoTrítr
Subsoil day

Vert ical p f f « * i b i l i l y

(ilUCill!1*
Special st'jdy areas
Daily rainfall

gaily grpiindnater le .e l i
Crep inventory t i , f ¡ l y
PP5 cffping p»tt»rns
lii^flf ip:r trçvçM^ry r,o Ç** 3 ^ l i?* i í c t v 1 ! w j i ^ r

Mapping i t 16" to 1 «ile location of Hells and

. frediction of groundNiter levels
Verification of groundnater level predirUon

Chfd tr> see predicted results correlate with i
Mater b'Unr.a of surU^e and gi oindnate'

SR0UK0MUR RECHARSE CALCULAI ION .

Variibles Quantified an«

HPO'S

Analysis

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yf!

Yes
Yes
Y>s
Yes
Yes
Yes
Yet

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Ye?

Yes
Yes
y.t

Yes
Yes
Yes
Yes
Yes
Yei

areas

Yes
Yes
Yes

natirnal
Yes

P^i'-rNcrl using ob'fr.ed grcundxater levels and
specific yield data
CnnM.̂ n* specilic yield
Depth .sfi-tbl? specific yield

, Rr-rpoii» ol gtcndMater levels to
gr.ind.^.er d - v e l ^ n ,

Petcpnlagp of yaiiables O'tantified

Source : Hfu,

Ves
Wo
Yes

Yes

Total * 4f

981

UNOP-BKOB
1982

Yet

Y*s

Yes
Yes
Yes
Yes

Yes
Yes

Yes i

I Vs'fd

BlrC-BKOB
I984-I98S

No .

No

Yes
Ves

Yes

constant value

No
Yes

No

8

141

Yes
Yes

No

No

•Yes

Yfs

7

141
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4.5.7.3 Recharge estimates, Ground Water Investigation
Circle, BWDB (GWO.

type of data : input

source : M.A. Karinij
Upazillwise
Groundwater
Recharge Conditions
of B'desh, BWDB.

influence on : none
deepset Area

prediction

representativeness : good

reliability : moderate

improvement i not applicable

These recharge figures called "actual recharge"
are calculated by multipying groundwater level
fluctuations by specific yield values and
represent the amount of water stored in the
aquifer during the monsoon season.

The Groundwater Storage (chapter 4.S.8) is
calculated in a similar way and these two
numbers should be directly comparable. The
differences are caused by different estimates of
specific yield and (in some cases) different
fluctuations representative for the Upazilla.
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4.5.8 Groundwater Storage <GWST).

type of data : output

source J DPHE's calculations

influence on : limited
deepset area
prediction

representativeness : good

reliability : moderate

improvement : possible

The detailed discussion of this parameter was
already done in chapter 4.3 and it was stated
before, that GWST value correspond to the actual
recharge as computed by GWC (chapter 4.5.7.3).
Here it .can be added, that OUST figures can be
used for verification of the specific yield
values. This should be done in situations where
groundwater withdrawal approaches or exceeds
GWST; if the base flow of the rivers is
maintained on the previous level (from the
period when groundwater withdrawal was small) it
can be concluded that the storage of groundwater
is higher than calculated and that the specific
yield value should be increased. Of course,
there is another possibility the groundwater
level fluctuations, assumed representative for
the Üpazilla, ^rB too small.
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4.5.9 Trend in groundwater levels.

type o-f data

source

influence on
deepset area
predi ction

: input

z plots o-f water
level hydrographs,
GWC, BWDB.

: substantial

representativeness : varying

reliability : varying

improvement : not applicable

For the purpose of calculations it was necessary
to categorize each Upazilla into one of the
three groups: as Upazillas where a downward
trend in groundwater level is detected, where
there is an indication of a trend, and Upazillas
where no trend is detected. Following criteria
were used for this categorization:

- if any of the observation wells within the
Upazilla showed downward trend, the trend
was assumed to be valid for the whole
Upazilla,

if there were no data for an Upazilla, no
trend situation was assumed.

The decision about trend situation was essential
ipr calculation of the future drawdowns.
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4.5.10 Total, NCA and Irrigated areas.

type of data input (total area
and NCA),
output (percent o-f
cropped and percent
of irrigated

source

influence on
deepset area
prediction

representativeness

reliability

improvement

MP0 (total area)
Upazilla Statistics
(1979-83),voi,1,Jan.
1985 (Net Cropped
Area (NCA))
-DPHE's calculations (*/.
NCA and "/. irrigated
area)

substantial

good

good

not applicable

The percentage of NCA was calculated from the
"Upazilla Statistics" by taking into account the
NCA and the total area of the Upazilla. However,
the total area figure, as presented in the
computer print-out, was taken from the MPO data
base to ensure consistency between number of
Upazillas and their respective areas.
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4.5. U Water levels.

type of data

source

influence on
deepset area
prediction

representativeness

reliabi1 ity

i mprovementa

: input

: plots of water level
hydrographGWC, BWOB.

: substantial

s varying

: varying

: desirable <from other
sources than BWDB's
network).

For the purpose of calculations it was necessary
to define only one minimum water level value and
only one' value for water level fluctuation for
each Upazilla.
For many Upazillas the variation of these two
parameters was quite large and therefore the
representativeness of the data may not be good.

Normally, the maximum depth to water table was
used as representative which result in
overeat i mat i on of the deepset- areas; for
Upazilla where data from several observation
wells were available and the data showing the
maximum depth to water table deviated
significantly from the data from other wells,
this value has not been used because it was
assumed that these records 9ra either erroneous
or not representative.

Improvement of
depth to water
delineation and

the estimates of the maximum
table data is essential for

monitoring of the deepset areas.
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4.5,12 Homested level above Field level

type of data : input

source : MPO Data Base

influence on i none
deepeet area

prediction

representativeness : unknown

reliability : unknown

improvement : ?
During design of the DPHE deepset area model it
was planned ias a secondary objective) to
include subroutines providing information about
máximum expected lift for users of STWs and
MQSTIs. As it is difficult to determine
reliability and representativeness of these data
and as these data are not available for a large
number of Upazillas, it was chosen not to
include these calculations in the model.

The maximum lift calculations can be done for
each Upazilla by substracting the value of this
parameter from the calculated Maximum Depth to
Water Table and adding "well losses" occuring
during pumping. For well-functioning MOSTIs the
well losses will be negligeable and for good
STWs the lower elevation of the field may in
many cases compensate the "well losses".

Therefore, the water level computed with
reference to homested level can be used as a
first approximation for evaluation of
feasibility of STWs in the Upazillas considered.
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4.5.13 Specific yield, SY

type of data : input

source s MPO Data Ba»e

influence on : substantial
deepset area

prediction

representativeness : good

reliability : good

improvement s possible

This parameter is essential for calculation of
the amount of recharge which is stored in the
aquifer during monsoon and the future drawdowns
caused by increased withdrawal. The direct
proportionality between SY and groundwater
storage <or drawdowns) and difficulties in
assigning correct and representative values of
SY makes proper evaluation of this parameter
both important and difficult. For example an
increase of SY by 100% will double the storage
and almost double the drawdown; analogical
situation occurs when SY is reduced.

For the hydrogeological conditions prevailing in
most of the country it is unlikely, that any
significant improvement in estimation of SY
values can be obtained by further manipulation
of the bore-log data. The Upazillawise SY-
values, calculated by MPO on the basis of all
the useable bora-logs, should be regarded as the
best ones for the first approximation.

Later on, if discrepancy is found between the
calculated groundwater storage and withdrawal
(i.e. if withdrawal exceed the storage and no
lowering at the water table takes place),the SY-
values should be readjusted accordingly. With
other words, the final SY~values should be
assigned after analysis of the preliminary
results, see chapter 4.6.5.
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A.5.14 Drawdown fac to r (DDF).
i

The term "drawdown factor" does not exist in the
hydrogeological textbooks and has been invented
for the purpose of the DPHE model calculating
the future drawdowns.

An explanation why this term was introduced is
given in chapter 4.3,2.

Drawdown factor helps to differentiate between
Upazillas where maximum depth to water increases
and Upazillas where maximum depth to water table
remains constant (changes caused by variation of
rainfall are not taken into account). There are
four values of this factor permitted in the
model:

- O.S if no trend is detected; that means
that an additional future groundwater
withdrawal will be equalized by reduction
in the base-flow (50%) and depletion of the
groundwater storage (SOX),

- 0.7 if there is an indication of a trend;
in this case 307. of the extra withdrawal
will be taken from the base-flow and 70%
from the storage,

- 0.9 if the trend is clearly visible; in
this case only 10X of extra withdrawal will
come from the base flow while 907. will be
taken from the storage and,

1.0 if practically all cropped ar&a is
irrigated and all additional groundwater
withdrawal is taken from the storage.

As described in chapter 4.3.2t the future
groundwater abstraction is assumed to increase
in three steps. With an increase of withdrawal,,
the percentwise contribution of the groundwater
storage will most likely increase and therefore
following drawdown factor (DDF) values are
chosen:

— step 1 (non-irrigated area reduced 25%),
DDF values as described above.

- step 2 (non-irrigated area reduced 50%)
DDF * 0.7 (if DDF = 0.5 or 0.7 for step 1)
DDF =0.9 (if DDF «0.9 for step 1)
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step 3 <non-irrigated area reduced 75%)
DDF = 1.0 (independent on the original DDF
value)

4,5.15 Present withdrawal.

These figures aret identical with figures already
described in chapter 4.5.6 and Are repeated in
the computer print—out for comparison purpose.

4.5.16 Irrigated areas, withdrawal, groundwater laveis
and groundwater storage in the future.

The last 12 numbers in Table 2 contain the
results of model calculations.

4.5.17 Table 3: District summaries.

All of the results presented in this table are
obtained by manipulation of the numbers already
printed in Table 1 and Table 2 and the figures
should be self-explanatory.

However, few comments can be added to explain
the reasons for chosing specific cri terias
applied in this Table.

4.5.17.1 Groundwater withdrawal higher than 80*/. of
groundwater storage.

It should be expected, that with such a high
withdrawal/storage ratio the groundwater level
should show downward trend. Check of input data
for Upazillas listed under this heading,
particularly if no trend is detected, should be
made.

4.5.17.2 Groundwater withdrawal higher than 50% of
potential recharge.

The value of potential recharge represent the
maximum inflow into aquifer under given rainfall
pattern and permeability of the top layers. If
the withdrawal substantially exceeds 50% of the
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recharge it should be expected, that mining of
the aquifer is taking place. If such a mining is
not shown on the Mater level hydrographs, the
input data should be revised.

4.5.17.3 Groundwater storage higher than SOX of potential
recharge.

Calculations show, that for some Upazillas the
groundwater storage is close to or even higher
than the potential recharge. Under normal
circumstances such situation can not occur and
input data should be checked.
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4.6 HOW TO IMPROVE THE DEÊPSÊT AREA PREDICTION,
DATA CONSISTENCY CHECK.

All the data entered to the model were carefully
checked and there should not be any obvious
errors. However, the permitted variation of
parameters is rather wide and no further
improvement can be made by looking at the input
data alone.

Therefore a check of data consistency is an
important task which may narrow the permitted
range of variation of the individual parameters.

Data are consistent, if comparison of results of
different calculations does not lead to
contradictory conclusions. If such a
contradiction appears, the input data should be
manipulated in order to remove this
contradiction.
Of course, the data manipulation is only
permitted within limits defined by the actual
conditions of the modelled system.

In our model it was not possible to reduce the
inconsistency of the data by re-running of the
model due to time constrains (the last part of
data was received in early December) and it was
only possible to point out the results which are
or could be erroneous.

The following variables/parameters were
subjected to the data consistency check:

net cropped »rea in relation to the
irrigated area,

groundwater withdrawal in relation to
groundwater storage,

- groundwater withdrawal in relation to
potential recharge and,

groundwater storage in relation to
potential recharge.

The results of data consistency check are
summarized in table 4.5.

Xf the data consistency check shows that the
combination of parameters used by the model
leads to erroneous results, the problem arises
which parameters should be adjusted.
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DISTRICT

Bogra
Comi lia
Dhaka
Dinajpur
Fari dpur
Jamalpur
Jessore
Kushtia
Mymenaingh
Pabna
Rajshahi
Rangpur
Sylhet
Tangai1

GW/GS

O.74
0.45
0.42
0. 15
0.07
0.68
O.31
0.28
0.6V
0.47
0.25
0.29
0.05
0.51

BW/PR
1

0.41
O. 12
O. 17
O.O8
0.26
0.20
0.21
0.26
0. 14
0.21
0.17
0.09
0.01
0.32

GS/PR

O.56
0.26
0.39
0.52
0.27
0.30
0.67
0.92
0.20
0.44
0.69
0.32
0.22
0.62

TOTAL
U-ZIL.

16
27
35
23
27
13
21
12
35
18
32
35
37
11

U-ZILLAS WITH
8W/GS>0.8

10
4
8
8
2
7
2
1

12
5
3
2
2
4

DATA INCOf
GW/PR>0.5

6

-

—
-
2
4
_
2
—
—
—
2

SISTENCY
GS/PR>0.5

9
1

10
13
2
1

14
9
2
6
19
2
3
6

Table 4.5s Number of Upazillas with probable data inconsistency
(based on Appendix 3).

GW ~ Groundwater Withdrawal
GS * Groundwater Storage
P R * Potential Recharge
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A reference to the data representativeness and
data reliability <chapter4.5> should be made in
this situation.

Furthermore influence of the considered
parameter on the deepset area prediction should
be taken into account (chapter 4.5).

The Upazillas for which there is an apparent
inconsistency in the input data arm listed in
Appendix 3 (table 3, Headings B,C and D) .

The different types of data inconsistency are
described in chapter 4.6.1 ~ 4.6.4 and a
procedure how to improve the data, in order to
remove these inconsistences, is proposed in
chapter 4.6.5.

4.6.1 Net Cropped Area (NCA) and irrigated area.

It may not occur that the irrigated area is
larger than NCA. As the irrigated area was
calculated by multiplying number of different
types of irrigation wells by their respective
command areas it was possible that the irrigated
area could turn out to be larger than the
cropped area.

t

This inconsistency was only discovered in one
Upazilla: Bopalpur, Tangai1 district.
In this case the calculated irrigated area was
13V. higher than NCA. The probable cause of this
discrepancy is too high number of irrigation
wells in operation.
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4.6.2 Groundwater withdrawal and groundwater storage
(Appendix 3, Table 3, Heading "B").

The calculations of groundwater withdrawal
involve quite a large number of parameters:
number of tubewells of different kind, size of
the irrigated areas and irrigation demand as
well as assumptions about unit withdrawal for
some of the tubewells. Therefore a possibility
for a substantial error in calculation of the
groundwater withdrawal can not be excluded.

Groundwater storage depends mainly on the value
of the specific yield, BY, which can vary by a
factor of 10 (from less than 0.02 to moro than
0.10).

As groundwater storage is directly proportional
to SY, the error in calculation of the storage
can be very large - much larger than possible
error in groundwater withdrawal estimation.

In the computer print-out, Annex 3, the
Upazillas are listed where withdrawal is greater
than 80X of the storage.

As the depletion of the storage starts shortly
after the end of monsoon, it is unlikely that

< more than BOX of th« storage is available for
the January-April period, when the irrigation
withdrawal is taking place. Furthermore, during
the January-April period there will still be
some water "losa" to the base flow of the
rivers.

This type of data inconsistency is present in
all districts but mainly in Bogra, Jamalpur,and
Tangai1.

For example, for Dubchachia Upazilla, Bogra
district, the withdrawal is calculated to be 2.5
times higher than the storage, which indicates
that the storage value (both SY and groundwater
level fluctuation) is substantially
underestimated. A look at the input data
confirmes that both the specific yield and water
level fluctuations are significantly lower than
the average for the Upazilla.
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4.6.3 Groundwater withdrawal and potential recharge
(Appendix 3, Table 3, Heading "C").

Uncertainty with regard to calculation of the
groundwater withdrawal was discussed in chapter
4.6.2

The potential recharge estimates are based
mainly on the estimates of permeability
(hydraulic conductivity) of the top-layers and
on the rainfall distribution.

As the potential recharge represents the maximum
amount of water which can enter aquifer through
unsaturated zone, it is unlikely that
groundwater withdrawal can significantly exceed
5OX of the potential recharge whithout clear
evidence of groundwater mining.

The calculations show, fig. 4.3 and table 4.5,
that the average district values for groundwater
withdrawal are far below the 507. limit; however,
within four districts this limit is exceeded.

Four out of twelve Upazillas in Kushtia district
for example (Appendix 3, page Kus.3) have
withdrawal values higher than SO'/, of the
potential recharge; only in one of ' these

• Upazillas a trend in the water table was
detected (Darmuhuda). It may be concluded that
the values of potential recharge at least for
the three remaining Upazillas, are probably too
low. , .. •

4.6.4 Groundwater storage and potential recharge
(Appendix 3, Table 3, Heading "D").

The computer prints out Upazillas where the
groundwater storage is larger than SOX of the
potential recharge. This criteria is similar to
the criteria described in chapter 4.6.3 but as
groundwater storage is usually larger than
groundwater withdrawal, more Upazillas will fall
into this category.

The recharge taking place during monsoon has to
contribute to the base flow during wet season
and build up the aquifer storage which then can
be utilized for sustaining of the dry season
base flow, capilary flux and irrigation
withdrawal.
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As we are talking about the potential recharge,
i.e. maximum amount of water which can enter the
aquifer, it is believed, that, under normal
circumstances, the storage should not exceed SOX
of the potential recharge.

If the calculated storage is larger than
recharge it is necessary to check the input
data.
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4.6.5 Procedure for improvement of data consistency.

In the previous chapters it was concluded, that
input data Are (or could be) inaccurate if:

GW/BS is greater than 0.8
BW/PR is greater than O.5 and
(3S/PR is greater than 0.5,

where:

GW = groundwater withdrawal,
GS = groundwater storage,
PR » potential recharge.

If the first condition occurs, the most probable
reason for the discrepancy is too low estimate
of storage.

If the second condition occurs, then there are
two possibilities: either the withdrawal is too
high or- the recharge is too low.

If the third condition occurs it is because the
storage is too high or recharge is too low.

The procedure for removal of the data
inconsistency should consist of two steps:

1. Permitted intervals for parameter variation
should be established; for example:

- the potential recharge for Upazillas
within buried old river channels
containing relatively coarse sediments
and minor amount of clay in the top
layers should be between 600 and 1200 mm,

- the potential recharge for areas with
thicker clay cover should not exceed
4OO mm,

- the SY value for Upazíftas where top
layers etre composed predominantly of
sand should be between 0.05 and 0.20,

- The SY value for Upazillas with
relatively thick clay/silt layer should
be between 0.01 and 0.05.
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After the intervals for parameter variation
are established, it should be permitted to
adjust parameter values to eliminate, if
possible, the data inconsistency.

2. Upazillas appearing in the Table 3 under
headings B,C and D should be screened and
readjustment of the potential recharge and
specific yield values should be made.

The model calculating future water table should
be re-run with the new input data.
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5. DPHE's HYDROGEOLOBICAL MONITORIN6 NETWORK.

The check of data consistency and adjustment of
parameters, as described in chapter. 4.6.5 will
increase confidence to the predictions of the
deepset area simulation model. However, the best
way to ensure the best service for population oi
the present and future deepset areas would be
through establishment of a WaterLevel
Monitoring Network.

Even if the computer calculations have been
accurate down to Upazilla level there is no way
to achieve reliable results down to Union level,
because all the data are given on the Upazilla
basis.

Large variation of hydrogeological conditions
and of groundwater withdrawal within Upazilla
may result in insufficient accuracy of deepset
area determination. Furthermore, the BWDB's
network 'does not always provide adequate
information about the present water levels both
from data quality and network's density point of
view.

Therefore, DPHE's own network should be regarded
as an important contribution to proper planning
of the future water supply.

There ar& several questions to be answered
before a decision about establishment of water
level monitoring* network is taken:

1. How many wells should the network consist of
and how the wells should be distributed

. Upaz i 11a-wise.

2. What kind of wells (existing or specially
drilled) should be chosen.

3. How the site selection for the wells should
be done and who should do the monitoring*

4. What the establishment and maintenance of the
network would cost and how it should be
financed.
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S.I NUMBER OF WELLS AND UPAZILLA-WISE DISTRIBUTION.

Between 300-500 observation wells situated in
the present and future deepset areas would'be
sufficient. The Upazillas which are inadequately
covered by the BWDB's network should have a
preference. Locally available information
(DPHE's lipazilla offices) about water level
conditions should be utilized to distribute, the
Observation wells within Üpazilla in an optimal
way.

5.2 KIND OF WELLS.

A specially drilled observation well, not
requiring removal of: the pump for water level
measurements, should be preferred.
The top • casing should be kept locked to prevent
unauthorized access.

The wells should be marked in a way that the
indentification marks could not easily be
removed.

5.3 SITE SELECTION AND MONITORING.

' These two aspectst site selection far the
observation wells and the way the periodical
monitoring is done are closely connected.

The optimal site wâuld be a location where the
dry season water table» is deepest and that would
normally be the case in areas with high
irrigation Withdrawal. However, a suitable
person, who would bo able and willing to take
the weekly measurements, should be available
within reasonable distance from the well.

It is essential to decide how the monitoring has
to be carried out:

- should that be done on a voluntary basis by
the local people (teacher, officials or
others),

- should that be done for a fixed payment,

- should that be done by the DPHE personnel.

Earn une of the above mentioned possibilities
has different influence on the site 'selection
criteria.
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A possibility for construction of water level
observation wells in connection with deployment
of TARA pump performance monitoring wells has
been recently discussed between DPHE, UNICEF,
and World Bank. Howevert the performance
monitoring network will be confined to very few
Upazills and the necessary geographical coverage
can not be obtained by combining these two
tasks.

5.4 COST AND FINANCING OF THE MONITORING NETWORK.

Taking into account the advantages, and it may
even be said the necessity of having good
control of the trends in water levels, the cost
of establishing and running of the
Hydrogeological Monitoring Network seem to be
moderate.

Construction of 5OO observation wells equiped
with a lock and properly marked /nay cost around
5 lakh (500,000).

Weekly measurements of these 500 wells <tk5/
measurement) may cost arount 1.3 lakhs per year.

The processing of data would be done cost free
' as a routine task on the DPHE's» computer.

5.S BENEFITS FROM GRQUNDWATER LEVEL MONITORING.

Under normal circumstances the transition of a
given area from the non-deepset to the deepset
category will take several years. Taking into
account the climatic variation from year to year
it is necessary to analyse at least several
years of water level data to determine a trend
in graundwater levels.

DPHE is responsible for planning and
implementation of the domestic water supply for
the rural population and has to take actions
before alarming reports about epidemics, caused
by scarcity of drinking water, start arriving to
the Dhaka office. Such actions would be easier,
if the (probably) insufficient number of TARA
pumps was distributed according to the actual
information received from the water level
monitoring network.
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It should be kept in mind, that the developed
computer model may be adequate for providing
estimated for the total population affected* but
is not detailed enough and can not be used-for
establishing priorities for Upazillas or parts
of an Upazilla, competing -for deep set pums.

The advantages arising from establishment of a
wel1-functioning water level minitoring network
can be summarized as follows:

- an improved delineation of the present deepBet
areas could be made,

- an early warning about lowering of the water
table would be obtained,

- priorities with regard to geographical
distribution of the TARAs could be defined and
periodically revised, depending on the water
level observations,

- areas where the present version of the TARA
can not be used, due to lifts exceeding 15m,
could be predicted.

All these advantages will be achieved if the
development of deepset areas comes close to the
predictions from this report.

However, another development is possible; it may
show that the predictions about extent of the
future and/or delineation of the present deepset
areas were too pessimistic, either due to the
conservative assumptions made for this excercise
or due to lower increase of irrigation
withdrawal than anticipated. In this case the
monitoring network will help to adjust the TARA
pump production figures to the desired level.

Therefore, no matter how the future turns out to
be, the existence of a Hydrogeological
Monitoring Network will be advantegeous.
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