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Preface

This work is a continuation of research on tubewells in
Bangladesh that was started in 1934 when the author was asked to
study the Deep Tubewell Irrigation and Credit Program (DTICP) under
tire auspices of the Irrigation Water Management Program of the
Bangladesh Agricultural Research Council (BARC) and the International
Aaricultural Development Service (IADS).  Published results ol that
study are available from BARC-TIADS.  One conclusion the author drew
from the provious r vabtch was that a study ot tuboewells had to
Include shallow (8TWs), hand operated (HMWs) , and deeps (DTW:
tubewells in order to address the tull rance of policy issues
Conseaquently, the author was asked him to

: pledased when BARC and IADS a
return Lo Bangladesin to explore the guestion of criteria for location
of various types of tubewells.

During his research, Lhe autheor has been assisted by & number of
individuals., Drs. Kb Azharul Hag arnd Ekramal Ahsan, BARC
Member-Directors of Agricultural Erngineering and in-charge Soils and
Irrigation and Agricultural Fcepomics and Social Sciences and Acting
Chairmarn, respectively, have botl offered challenging sugoestions and
have been supportive of the research.  Simitarly, Drs. David
Glsselouist and Coarlos Garces ol Lhe TWM Prooram have roadsed
importanlt guestions and Torced the author to sharpen the yYoouwes of his
analvsis. At the Masteor Ploanrdnag Organizabion (MPQ), Ddrs. Md. Sazzad

saln and Monilrol Haoue have provided invaluaable assistance and are
vocommended for thelr cxcoellent work.  Almost in ;
T. K. Pitman at Harza-MPO neceds to be recoanized as antthor
i very Tamiliar witlh Rim threoualy s work, althowah, antortonately
haz only had two chances to have short. ot very prodoactive,
meetings. Another indivichiad that int luencesd the acthor’s thinking
and proviced insiabl intoe STW problems irn the Rorthwest Reaglon i
My . M. Auaduzzaman of BADLC ., Roishalid o e 1o o prodific writer ancd
has pulbd ishiod some of the Dbest papers on arourclwator in Danaldadesh .,
The author was honored to meet hiim ancd felt that the meeling
contributed sianiticantly to the recearih eltort. Last, buat
certainly no Jeast, Dr. o and Mrs. Doauchierty were thodr osial oracoous
selves, oven thowalr twenty other cornsul bants aed the ARP--TI
Evaluation Team were in Lowr al the came time.  Finally, the adthor
wishes to lhank the elves al Silicon Valley wilthout which none of the
data could have beon crunched.

It 1s hoped that concerned policy malers withiin the Government
of Banaladesh will read thiz oaper and the olhor roporiss by
orcanizations sch as MPO andd gvee Lhe intformation provided to betlter
develop the walter resowrces ol Ranagladesh.  This 1s critical both Tor
the well-being of the courndley and to ioprove the condition of the
vast population in the rural arcas ol Bangladesh.
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BADC
BBS
BWDB
boro
CARE
DSSTWs
DTWs
GOB
HTWs
HYVs
LL?s
MPO
MTFPP
STWs
thana
Tk
UNDP

upazila

Glossary of Abbreviations

Bangladesh Agricultural Development Corporation
Bangladesh Bureau of Statistics

Bangladesh Water Development Board

Rice crop grown in Bangladesh from December to May
Congress for American Relief Everywhere

Deep sunk shallow tubewclls

Deep tubewells

Government of Banyladesh

Hand tubewells

High yielding varicties

Low 1ift pumps

Master Planning Organization

Medium Term Foodgrain Production Plan

Shallow tubewells

Former name for upazila

Taka, Bangladesh currency unit

United Netions Development Programme

Sub-district level basic administrative unit
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ECONOMIC AND TECHNICAL CRITERIA FOR LOCATION
OF DEEF AND SHQLLDNvTUEENELLS IN BANGLADESH
e & conﬁéquence of high birth rates end declining death
rates, Bangladesh is in a chronic, food deficit situation. One
obvious solution to this problem is to produce more food
domestically. Yely, with a population of 9% million and a maxin

oy

cultivated acreagsz of 2% million acres, Bxnoladezh has a land-n
ratioc of @.2%, one of the lowest in the world. SGiven its limit
land base, in order to signiticantly increase production of foc
Bangl adesh must intensify crop production. Fossessing large
areas of fertile, deltaic swils with temperature suitable for
vear-round cropping, the potential exists throughout the countr
Tor multiple cropping. However, annual rainfall, which varies
from oB to 120 inches, {falls mainly auring the monsoon season
Fflay to September). Therefore, during the rest of the vear
irrigation is reguired for successful crop production.

Wwhile Bangladesh is a country rich in rivers and surface
water supplies, its topography 1s such that it ie both technica:
complicated and extremely expensive to build large—-zcale surface
irrigation systems. conseguentlv, once the full development of
available water supplies using traditional water litting devices
and low lift punps (LLEF'5) was reached 1n the late 1%60 =z. Lhe

Government of Bangladesh (GUE) made & deliberate decision Lo
cdevelop its vast growndwater resowces for irrigation. Howevar,

while there is conziderable agreement within pangl adesh that

investment in devices to extract grov-.dwater for irrigation is



needed, there is wide disagreement about what form that
investment should take.

The purpose of this paper is to explore the range of issues
pertaining to investment in groundwater devélopment. In
particular, the paper details the economic and technical criteria
that determines the most efficient Jocation of different types of
groundwater extraction devices. For the purpose of this study
fouir types of tubewells are considered: deep tubewells (DTWs),
hand tubewells (HTWs):; shallow tubewells (S5TWs); and deep sunk
shallow tubewells (DE5TWs). These four types represent the
range of tubewells currently in use in Bangladesh. While this
paper does not attempt to resolve all the issues related Lo the
compler question of groundwater developmernt, it does attempt to
put the issues in perspective and, thus, offer policy level

guidance for GUE decision makers, researchers and donor agencies.

FRESENT SITUATION

As detailed earlier this report is primarily concerned with

shallow tubewells (both szuwface mounted and deep set ones sunk in

/
a pit) and deep tubewells. However, there are, in tact, three

different major types of groundwater extraction devices in

commercizl uvse in Bangledesh. These are:

Leep Tubeweils (OTWs) are wellsz drilled by direct ietting or
reverse circulation to a depth of Z56-790 feet. The well is
developed with & gravel pack around the 6" - 18" well screen and
utilizes an upper casing of sufticient lenath and diameter to
install & lineshaft turbine punp. DTWs are either electrically
or diesal powered and rormally have a desion discharge of =
cusecs (o lit/sec) +or DTWs installed by BADC and 3-4 cusecs (Y0
lit/eec) for BUDE LTWs.
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Shallow Tubewells (STWs) are welle drilled with jetting or
bailing methods, utilizing a section of the casing string to
facilitate drilling, these wells are developed with sawcut or
qauvge wrapped screen and normally do not use a aravel pack. The
depth of 5TWs varies depending upon the aguifer, the area and the
contractor, but they are usually around 99 to 120 feet deep.
However , they normally use a centrifugal pump connected directly
to the tup length of the blind casing and., thus, the effective
punping lift is restricted to a meximum of Z9-28 feet. Most STs
are driven by small diesel engines but more and more are
switching to electricadl motors where electicity is available.
STWe are generally designed to have a discharge of..% cusecs (15
lit/sec).

Hand Tubewells (HTWs) or manually operated shallow tubewells
for irrigation (MO3TIls) are widely need in Bangladesh both for
drinking water and for irrigation. These are installed using
traditional bailing methods which wtilize the well components in
the process.  Unsually, HTWs use 1.5 inch (48 mm) pipe with brass
or sawcut screen and are installed to a depth of 80-100 feet.
There are a number of different types of manual pumps used: hand,
treadle and rower but the discharge is generally low, approxi-~-

mately @,81-9.02 cusece (0.3-0.6 litre/sec)

Under its 193085 PMediun~Term Food Froduction Flan (MTFRPE)
Bangladesh pianned to increase 1and irrigated to moré than 7
million acres with appraosimately hal+ of that being arrigated
Tron groundwater. he maior element or irrigation arowth in the
two decades prior to the MTFFF was the “apld expansion of 1ow
Vift pumps (LLFs! to harvest available surfece water supplies.
ATter 1980, the maio~ element of irrigation arowth shivted $rom
LLFs to groundwater. Under the Third Five Year Flam (TFYF),
grouncwater 1rrigation is expected to contribute 5.%7 million

acres or 37 percent of the total irrigated area Fitman and

)y

Fagque, 1564).
Table 1 presents an estimate of the number of tubewells
-

installed through the 4irst guarter of 1%85%. These numbEr s .,

although compiled using the best data avalrlable, are still only



estimates due to the large number of agencies that are involved,
particularly with respect to the development of S5TWs and HTWs.
Table 1: Estimated HNumber of Tubewells and Areas Served

Bangl adesh, February, 1985

Tubewell CRApproximate Approsimate GOE Estimated

Type Number Areca Area
Fvailable Irrigated Irrigated

(  OB0) ( PR acres) ('O acres)

DTWs 18.2 1/ 726.0 10946.9
STWs 150, 6 2/ 1508, 0 1699, 6
HTWs 285,00 3/ 94,1 112.6

Total 224641 2109.1

17 Data {from Central Coordination Committee for Irrigation
Mamnagement.

Data {from EADC Shallow Tubewell Division

LPata from various sources

s can be seen in Table 1, GOB estimated areas irrigated,
based assumed comnand areas of 6@ acres tor DTWs, 12,9 acres for
STWs and 0.9 acres +tor Hlws, tend Lo gsrstate actual groundwater
irrigated acreage. This 1z particalarly obvious when comparing
statistics from BADC arno the RS, It is dait+icult to obtain the
conect, figures but it is apparant that actual command areas of
tubewelle are much zmaller than BALDE dats indicate.

In addition to propblons of low command areas, tubewells 1n
pancladesh aleo have proglens with meintenance and repesir.  Post
tables., such as Table 1, present the number of tubewells
commiscioned and assume & 100 percent operational status. yYet,

the limited available records show that this is not correct,



EBADC’'s own records for 1982*83 revealed that in Rajshahi, Fabra,
Bogra, Rangpur and Dinaipuw Districts, of 6745 existing DTWs,
only 4556 were operating (Asaduzzaman, 1984). Similar data for
5TWs and HTWs is not available, but it is unlikely that the
percentage ot these actually in operation is much more than that
of DTWs.

In certain areas, particularly in the Northwest, STWs have
been having problems. This has resulted primarily from the
rapid, urcontrolled installation. No attempt nas been made to
match STW mumbers to available recharge or to restrict the
numbers, and consequently, localized overedploitation has occured
(Alam, 1984). DTis have been troubled more by mechanical
problems with the power units, but in some schemes such as
Thakurgacn, crustation and improper screening, have led to

reduced discharge and even well tailurea, (EBhuivyan., 1984).

CRITERIA FOR LOCATION

Criteria for developing a proper mix of tubewells in
Banol adesh must address GLonoinlc, soclal and Lechnical
considerations. In sone areas of the country, due to unigus
environmental andsor social concgiticns, these comsiderations will
be hierarchial, but in sost areas there 1s & wide range of
alternatives that can be pursued, Ubviousiv, in these cases the
mix of tubewells that are developed will be az much & furction of

w

11sting policy as it iz & function of either gconomic. =ocial ar

technical considerations.



I. Social and Economic Considerations

As in the case of any investment, the BOE wisher to mavimize
its return from groundwater development. This requires that they
obtain the largest possible increase in human well being subject
to the physical, technical and management constraints that
restrict this type of investment. Howevet', it should be
emphasized that increased human well being is not necessarily
synonymous with maximum economic return. For example, the GOB may
believe that development of HTWs is more beneficial to small or
landless farmers and deliterately decide to follow this paths;
among alternate deovelopment proarams this may be the most
equitable, but it is not necessarily the one that provides the
mextimum economic retuwrn on the government’'s investment. Yet,
equity is & valid policy objective and one that the GOR may wish
to follow.

In the case of selection of tubewsll tecnnology, initially
the GOE opted for DTWs. This decision was made not NMecessarily
becsuse DTWs offered the highest return but primarily based on
the argument thaet DTWs carn be arientea toward small 4armers
(Asaduzzaman, 19234) This was done to avoid the situatior where
large farmers can aftord to purchase the tubewells end become
water lords, controlling the water supply. However, the
situation 1m the +ield has +a1led tp Justity this decision and.
based on current data, indicates that small tarmers are otten at
the mercy of larae farmers that gain control of the the DTWs.

(Johnson, 1784). in recent years, similar arguments have been



made for HIWs over STWs and DTWs as they are affordable by small
and landless farmers. Yet, HTWs have both technical and
practical limits that restrict both the total numbers and the

areas ot the country that can be irrigated using this technology.
A. Economic Factors

Given no extraordinary technical or social constraints it is
most ecocnomic to invest in groundwater extraction technology that
can proviage the most water for the least cost. In the case

of a developing country like Rangladesh this cost has two
considerations, total coste and foreign exchange costs as &
percent of total cost. Clearly, aiven the shortage of foreign
exchange, it is best as much as possible, to minimize thne
reguired foreign exchange and, under certain circumstances, may
be most economic to use a technology that actually cmsfs siightly
more if it can bhe pwohased locally rather than be imported. In
the case of tubewslls, DTis reguire lerge amcunts of foreiqn
exchange as thev are ceveloped primarily usinag 1mported
componentes. ETWs reguire a much smaller percentage of imported
companents and, in sterk contirast, HTWs are almost completely
made From local materials.

Fortunately, in Bangladesh, $TWs and HTWs are able to deliver

+

—

o

iji
H

water at a co

i

2ns (han DTla. Im riaght o+ the fact that they
also reguire leve foraiaon sdachanoe and creste domeztic prooucticon
ot comporents, these technoiogies are economically best 1n the
areaz where there ere no technicel or social comestraints. These

”~

costl COomperlsons are presenteo in Tarle 2.



Table Z: Coefficients and Computations to Compare DTWs, STWs and
HTW Trrigation Systems.

DTwW aTW HTW

Fump Capacity (cusecs)

. 4@ 0. o2

=

Typical I/ 1.5

Desian 2.8 B.5-.75  L2-.04

SQCI @8)

o

Command fAresa

Typical &/ 40.9 190.0 -

Flanned HD-B0 1520 ,25-1.0
Fump Hours/Acocre 1Y) 20 1200

Waters Costs/Acre
(Taka) 1/ AT=Y} 1558 1484

(Takea) 2/ 192419 - . -

Adapted from Loyd Johrmson (158
Based om BADC rental rates of Tk, 2500 per DIVW per vear
Raged on the consultant ¢ expertences and numerous studies

However, «ll of the mnechanical lifting devicesz in Bangladesh

subsidies have been

have been sold with & swosidy.
partrcwlarly large in Lne cese of P and DTk, irn the late
1978 s BADE accounts indicated that actual pavments bv 4 arners
for LLFs amounted to 12 percent of the cost to BALU. while for
Dide the fioure was less Lhan 10 percent  Current arrenoe- ments
TON ELLin0 SiMe result an prices Lhal are D0maiiss sy wnsobe-

sidized. However, DTW = continue to be heavily subsidized with a

1789 gselling price amounting to only about 4 percent ot Lhe cost

to BADL (Hanratty. 1¢



In addition to the rnominal price of tubewells, provisions
for the sale of all tubewells involve subsidized credit

arrangements which reduce the eftective price paid. For

example, ror a 5TW sold for Tk L WBAA & farmer has only to pay Tk
L2000 as a down payment and receives a b-vear loan {for the
halance, paying a reduced rate of interest (10-13 percent,
depending upon the souwrce of the loan) on the balance. For DTwWe,
the down payment is Tk 24,0080 for arn individual or Tk 2,000 Tor
ari official farmer cooperative. Furthermore, repayment of
agricultural credit has generally not been vary satisfactory,
with repayment rates for tubewells being particularly poor (CARE,
1984) .

Farmers are utilizing tubewells at levels that are
considerably below the expectations of those imvolved in rnational
planning. This suggests that under current tarm-level conditions
there is & divergence such that whal is percelved optimal by
farmers is mueh less than what rnational planners believed would
oo should be the case. Frobably the most obvious distortion that
leads to & possible divergence between farm—Jlevel and natiaonal -
lavel optimum is the distortion of prices resulting from the
various subsidies on the 5TWs and DiWs. fHe dllustrated in
Figures 1 and &, the hiagher Lhe rate of subsidy the smaliler the
conmand srea required to resach & point where there ic no further
cost advantage to inoreased utilization of ihe tubewell. This is
parti&ularly obviouve with the LTW: vnder whe annual rental
program.  After 40 acres there iz effectively no economlc

incentive to expanding the command area as the rental subsidy haz



Costs
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Fig. 1. Costs of DTW water with and without conveyance losses.
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Costs
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Fig. 2. Costs of STW water with and without conveyance losses.
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practically eliminated. the benefits of spreading capital costs
over & larger number of acrzs.

Compounding the impact of subsidies are the additionai
distritutional losses resulting from expansion ot the command
area and consequent utilization of a larger networhk of
distribution channels. These losses may vary by location, b,
201l type and by degre2 of maintenance, but research has shown
that the losses are in almost all cases a function of length of
channel +rom the water source (Harim, et al. 1983). Ac
1llustreted in Figures 1 and 2, wher convevance lousses are taken
into account, the results also serve to discourage erpansion of

command area.
B. Social Factors

In selecting the type of oroundwater extraction'technology,
& number of social factors are also critical. One of the most
importarnt one is theat of control. As mentioned earlier public
DTWs were initially favouwred over private DTWs and &TWs as it was
argued that they would be lezs subiect to cortrol by laroer
farmers. However. as pointed out by Hamid (1982). a critical
consideration in the installation of DTWs is the pressure that ie
brought to bear on concerned otficiars to comtrol the location of
the Ltubewell. In the case or tne wvilk thie usually resulte in the
well beina loceted nesr Ahe hoose o tielde of o indivential
farmer. Data +rom 170 BADC DTWs collected in Barigl adesn 1n 194
indicates that mislocation of thece tubewells 185 & Ccommon

occuwrence. bBased on this data, mislocation recsulten 1n a
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reduction of total potential command area by an average of 11
acres (Johnson, 1584).

Associated with these same issues of control are the
"transactions costs" related to managing and expanding the
comnand area. With average farm size within any single command
area of less than an acres, #panding the area of land served
anf number'of users increases management effort and potential for
conflict, Using details from Hanratty (1983) it is possible to
estimate per acre organization costs. FEased on this information,
it appears that organization costs per atre commanded are
constant between 10-30 acres, decline until 40 acres are served
and then start to increase rapidly as the command area expands
beyond 5@ acres. Given this situation, and the lack of economic
incentive to serve a larcer command area, it is not surprising:
that a runber of DTWs are found to be controlled by é few large,
power{ful farmersvand are only serving 20-30 acres.

Another major critical social factor in selecting the type
ot groundwater e:xtraction technology is the i1mpact on village
level drinking water supplies. Generally village level HTWs are
installed on the village mound gnd, theretore, are Z-6 feet above
the irrigated areas. Consequently, evern a STW has the potential
to lower the groundwater berneath & HTW, although it is the DTW
that is likely to have maior negative impacte on drinking HTWs.
Already in areas of Faesshahi and Dhaka Divisions some surtace
mounted HTWs are not able Lo lift water from the prevailing

depths.
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DANIDA and MFD have delineated those areas where deep set
hand pumps are now. or‘will soon be, required because of a
general lowering of groundwater levels below 25 feet (7.3) m from
the surface. This has resulted primarilv from excessive
competition from the irrigation sector. Table I details the

areas and the population affected.

Table Z: Areas and Fopulations Requiring Deep Set HTWs
for Fotable Water.

Distriect Upazilas Fopulation (1981)
Total Affected Total Affected %
o0
Rajshahi 32 ey 5,263 2,674 S50
Dhaka (part)l/ RA% 1) 69
Fabna 18 12 3,420 Q7@ 2
Bogra 14 11 2,717 818 30
Tangail 11 5 2,444 726 =0
Fushtia 2 7 2,273 471 21
Jamalpur 1= & 2,445 454 19
Faridpur 26 4 4,768 322 7
Jessure 26 4 4,016 259 )
Comiila ° 26 1 6,880 209 3
Sylhet %7 & S,650 186 Z
Dinajpur 23 2 2,198 59 2
Noakihali 16 1 2,81% 49 i
Mymens=ingh 35 1 1,545 27 1
Total 2 9= 53,470 7,804 14.6%

1/ Dhaka Sadar not included

Source: Fitman and M. Hague, !'984
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II. Technica:r Considerations

In general., 1n most regions of Bangladesh, an area that is
suitable for 1n5ta111nd S5TWs 15 always feasible for installing
DTWs, but an area which is considered suitable for DIWs may not
be feasible for 3TWs or even for DS5TWs. The main ditferen-
tiating factor is the static water level in the well. As
illustrated 1 Figure 2, the effective lith for the other
techrnologies is less than 78 feet for LS5 TWs and arcund 20 feet
for 3Ths and HTWs. In contrast, the effective limit for DiWs is
determined by the depth of the turbine pump within the well.
Conseguently, if 5fWs and HTWs are to be located in an area, the
eftective depth to groundwater +rom the surface cannot be allowed
to go.helmw 20-50 teet. However, 1+ DIWs are to be the sole
device installed, then the water table can be pulled down below
the effective limit ot 0 feet. Yet, 1f a decision is made to
avoid mining the groundwater resource, then the effective iimit
to pumping is the amount of wusable recharge, whether or not it is
above or below the effective level for STWs. Thus, the
availability of groundwater may be constrained in two ways:

(a) The water level may fall below the depth from which it may
physically be pumped

(b)Y the recharge limit méy be exceeded

In addition to pumping depths and recharge, the thickness of
the upper clay layer and silt formation are major determinates of
the development potential of the aquifer system. wWhere these

layers are relatively thick the potential for 3TWs is limited;
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Fig. 3. Litt capability of different suction pump technologies

~

PUMPING LIFT CAPABILITY OF DIFFERING SUCTION PUMP 1 SCHNOLOGIES

HABITATION
DATUM LEVEL
Village Nound IRRICATED AREA l
l HTW ||rr|oavlon . |
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e .\\..,\.,,....._ ™
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-850
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b §
L - 8.0 : -8 0m
aL Y
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tLow) { HIGH)
o LIFT INCREASINOLY -
NORE CONPETITIVE
LOCAL EXTERNALITIES -~
AMALLER
(nEoLioiBLE) (LAROE)

SL » Buction Uil Limit Betow Irrigation Level botbim

Al Dimensions in metres

Source: Pitman and Haque, 1984
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altiough oiten 10 low=lying arcas STWs can be successfully
installed. However, some areas such as the Lastern Fredmont
Vator Pasin that is located “n the most northern parts of
Jamalpur and idyvmensingh Districts, suwface clays that vary from
DE-10% feet in thickness effectively eliminate the potential for
5TWs. Figqures 4 and % detail the thickness of the upper clay
lavers for the Northwesl and Northeast Regions of Bangladesh.

Another consideration is bthe amount of irrigable land. It
is possible to have some cases where the amnunt_mf irrigable land
.iS the limiting factor rather than the quantity of available
aroundwater. This case is rot the norm but may occur in some
areas of Bangladesh and, therefore, must be included as a
technical consideration.

Finally, it muet be recognized that there ig a‘zene of
influence created by any tubewell, either DTW, STW or DSSTW.
This zome varies wiaely depending wpon aquifer characteristics
ang 1is certainly not uﬁiiprm aCross a country such as Rangladesh.
Well testes in the Northwest Region heve shown that the radius of
influence for DTWs varies from &S00 Lo B0 fteet. Theretore,
epacing of weils, az well as the type and number, is alsc a major

consideration.

-

Fie SCcenarios

If a decicion is made not to mine the groundwater, there can
then be two scenarios: (17 the available recharges can =uapport

pumping &t a depth greater then Z@-20 Jeet and (I avallable
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recharge is insufficient to provide enough water to pump the
water table below 20-30 feet. In the latter case, recharge is
the obvious dominant constraint and, hence, dictates the
developmnenrt potential, and to some extent, the type of technology
as well, In the former case, in order to capture all of the
recharge, & deliberate decision will have to be made to excesd
the Z@-30 foot limit i all of the recharge is to be captured and
used for productive purposes. Where the decline in groundwater
level needed to capture all of the recharge is rather small, for
example from 2@ to 28 feet, the use of DSYTWs may be considered
as & viable alternative. Froducing water alt a cost estimated to
be 20-30 percent more than that of STHe (depending upon the depth
of the pit and depth to groundwater), DESTWs are still less
expensive than DTWs for this tybe s1tuation.

Using data from the UNDF Groundwater Modelling Study (1982,
it is possible to compare the impacts of a criterion that
constrains the reduction of aroundwater depth to an effective
Limit For STWe (here 25 fest) and & criterion that constrains the
reduction of aroundwater depth to an effective limit for STWs
plus the Ltotal recharge quantity (whichever cccurs first). Data
tor Bogra District are presented in Table 4. From this table it
can be seen that in all but two of the upazilas thanas recharae

the dominant constraint and. consequently. a critericon relaled

-
B

to depth to groundwater is not active in thie district. This
district can, in most upazilas, develop all the ava:lable
recharge using only STWs and, therefore, shouid not be developed

using DTWs.
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Table 4: STW Numbers Rased on Different Criteria
for Bogra District

Thana Criterion Actual % Land
T e e e e e e et ot Irrigated
23 fFoot GWl 23 Foot GWL Limit Within Recharge
Limit Fius Recharge Limit
Constraint
No. 5TWs Ho. BTWs A

Adamdighi

519 Za

Akkelpur ZE8x : 21
Bogra 1707 = 55
Dhumat 1&47 b

ERA=T 1%

/% 69
9285 29
EAG & 17
B7 &% 23
&El=* 22
871 27
1861 &b
1622+% 475
1291 % ‘

DupchanchHia
Gabtali
Jaipurhat
Fahal oo
Erietlal
Mardi oram
Fanchbibi
Shariakandi
Sherpur
Shibgonj

fotal 18,481 15,895 RIS

* Recharge is the dominant constraint

Source: Tables 7.7, 7.8, 7.9 Groundwater Modeling Study, 1982

While Bogra District appears to be relatively
straightforward, even here, due to localized variation in
topography, there are areas that may not be reachable by $TWs.
As illustrated in Figure &, local variation can shift the
appropriate technology from a STW to a DSSTH or even a DTW.
Thus, even studies such as this have to be balanced off with

good, local-level data.
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Fig. 6. Variation in STW potential
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IIl. Combinea Considerations

Ry combining social, economic and technical considerations
it is possible to develop o suggested set of criteria for
tocating different type of tubewells in RBangladesh. s mentioned
earlier, 1n some cases, due to unique circumstances, these
criteria are hierarchical (i.e. the thickness of the clay layer
dictates DTWs over the more economic STWs) but in many others

they are not. A suggested set of criteria follows:

(1) In areas where the groundwater is abundant and all the
available lend can be irrigated using the groundwater within
the first 20 feet of the aguifer, only STWs should be

installed.

() In arras where all the available land can be irrigated using
the groundwater within the first 20 feet of the aguifer,
5TWs shouvld be installied but with a mechanism in place to

change them tao LESTHs as necessary.

(3 In areas where all of the available recharge can be pumped

by STWs from the first 28 feet of the aguifer, only STWs

should be installed.

(4) In areas where all of the available recharcoe can be pumped
from the first 30 feet of the aquifer, only STWs with a

mechaniem to move them down to become DESTWs should be

installed.
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(3 In areas where the clay layer and/or silt formation is too
thick for STWs, DTWs are the main alterrative to be
considered. However, localized variation must be recognized
and procedures developed to install STWs where they have

access to a dependable agquifer.

(&) In areas where available recharge exceeds what can be pumped
from the upper Z0 feet of the aquifer (a rare case but
possible in some regions of RBangladesh), a decision has to
be made whether or not to install both STWs and DTWs,
recognizing that the DTWs have the potential to pull the
groundwater below the pumping depth of the STWs. One
possible mechanism in this case is to install both STWs and

DTWs but to stop pumping STWs during the months of April and

May, which is the time when the water table is at its

maximum depth.

*In those areas where the natural watertable and/or drawdown

—
~
-

is below the lift capability of STWs and DSSTWs, to capture

the available recharge, it is necessary to install DTWs.

(8) *In the coastal regions, where saline water is found in the
upper aguifer, it is necessary to install DTWs to reach the
freshwater in the lower quifer.

* In both of these cases it must be euplicitly recognized that.
while DTWs are technically feasible, the water from these DTWs
will be much more expensive than groundwater obtained from the
other areas due primarily to the pumping depths.
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CRITERIA APPLIED

Based on ihe criteria presented in the previous section it
is posible to use available groundwater and tubewell installation
data to see how well current development is progrecssing and to
determine if it is consistant with the criteria. Gill (1982
carried out such a study for 8TWs for the Northwest Region of
Bangl adesh but his comparison was based on the optimum number of
5TWe as defined in the UNDF OGroundwater Modelling Study (1982).
This optimum was based on a 49 percent development level and did
not take inteo account available recharge (Fitman, 1984).

For this excercise, recent upazila (thana) level data are

-~

required. Such data are available in the excellent report by the
Broundwater Investigation Circle and are used for this study
{karim, 1984). FIFD is currently revising these estimates, using
a much larger sample of well points, but for the purpose of this
report the data contained in the report by Harim {(1984) are
considered to be adequate (see Gppendiy I for details of the
vpazilas and fppendis 11 for a listing of the data ué@d). A
additional data on groundwater conditions and other technical
coeffivients are only readily available for the Northwest and
Mortheast Regions, this study is limited to these two aresas.
However, thig is almost 780 percent of the entire country and,
thus, is an extremely significant area. In addition to using the
upazila level data. the two regions were also diviced into
groundwater basins (see Gppendix 111) beszed on the Banpladeszh

Water HBalance Studigs carried out by the United Nations (1983).
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Unfortunately, the quantity of groundwater available for
recharge is not a clear cut number that can, at this time, be
easily defined and calcul ated. It is known, for example, that in
some areas increased groundwater withdrawal will increase the
amount of recharge without leading to a situwation of mining the
groundwater. As clearly stated by Asaduzzaman (1984), the sefe
vield (which is defined as the annual extraction from a
groundwater unit which will not, or does not, exceed the annual
rFecharge or lLower the water table so that the permissible cost of
punping is exceeded) relates to a particuler set of conditions.
Hence, the safe yield is not a constant, and the value needs to be

revised over time.

I. Rezults

The data used for this study cover the majority.of
Bengladesh including most of the tubewells installed in the
country. Beneral statistics for the area are presented in Table
5. From this table it can be seen that total pumping, across the
entire area, is only slightlvy more than hald of the estimated
available recharge. This, however, varies from ares Lo area and
theresfore cannot be gereralized. However, the average available
recharge per cultivated unit area (.2:0 m/ha) is not sufficient
water Lo plant all of the cultivated a«rea 1n rice. In fact. 1n
most areasz even if wheat i¢ planted. there is not sufticient

water to cultivate &1l the land wging only oroundwater.
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Table S5: Description of Study Area: NE and NW
: Bangl adesh, 198%-841/

ST S S S e s ks e 4 i e e et e e S e 4t e et o e e s S et e o S S AOD G o0 St Ak Sommh e oo R . S e A A i St e o W8 Skt G Sy Tt 5t 08 i e St P St s 0% Yot S At oo et e

“Total Cultivated Number Total Totall/ Average
Area Area Tubewells Recharge Fumping Available
Recharge/ha
Area ('O ha) ('00V ha) DTWs STWs HTWs  (MCM) (MCHM? {m/ha)
NW J444,7 2524.4 &812 &2DBZ 173549 7000.5 32341.45 .196
NE 3324.9 2183.@ 6658 F1255 142990 4673.6 2192.95 . 187

Total 6769.6 4707.4 1Z48Q 32357 H16539 11674.1 5534.4 155

1/ After Karim (1984) data are presented in metric units. They can be
converted to English units by using the following conversion
factors: 1 ha = 2.41 acres 1 m = Z.281 feet 1 MCM = B10.71 acre
feet.

£/ Total pumping is, in contrast to most studies including Karim's
(1984) , based on typical discharge rates, hours, and number of
tubewells in operation (see table 2)

Using the data available 1t is possible to examine the frequency
of ocouwences where total pumping exceeds available recharge. In
Figure 7 it can be seen that in 220, or B8 percent of the upazilas,
recharge exceeds pumping. However, in 30 or 12 percent of the
upazilas, pumping is more than the recharge rate. It woulgd seem that
in these areas installation of additiornal tubewells would not ornly be
wneconomic, it would also be techrnically unwise. However, as
documented recently by Asaduszaman {(1983) , even 1in upazilas where STW
installation has been stopped, there are pockets where additional S5TWs
can be installed. Yet, even in these cases it is difficult to controil

exactly where S5TWs are actually instailed.



28
Fig. 7. Depth of pumping to available recharge
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Based on the recommended zones (Appendix 4) for STWs and DTWs
(United Nations, 198%) it is possible to examine the current situation
an the country. Information related to $TWs in the NW and NE is

prasented in Table 6.

Table 6: Fotential of STW Designated fireas — 1984 :

Area Available Fresent STW Fresent Maximum Fotential Area
Recharge Fumpingi/ Numb e Fossible Irrigatable
CIFICM) (MCH) STwWg No. 5TWsl/ (" QU0 ha)
Highl/ Low2/

N 2798.7 1002.9 27088 1802667 AL1(24%) L1651
NE PG IRR T, P Ghd.6 17985 LH29TE EEEAETRY ET7B41%)
Total 6128.% 166501 449974 1654645 HEG 794

1/ High water demand cropzs (1000 mm/ha)

2/ Low water demand crops (508 mm/ha) - & ha. command area

=/ FAssumes discharge of 0.4 cusecs and 60 hours pumping. Excludes
pumping of DTWs and HTWs. RNumber in parentheses indicates
percentage of presently cultivated land.

Similar information concerning LTWs in the NW and NE is,

presented in Table 7.

Table 7: Fotential of LTW Designated freas — 19854

Area Availlable Fresent DTW Fresent a1 mum Fotential Area
Frecharge Fumping?/ Koo DW=z . Possiple Irrigatabile
(MCHD HCH ) No. DTWsi/ ("D ha?
Highl/ Low2/
Nk Z201.8 S5%. 10 E774 17287 SBh TE2W)
itz 2IT43, Hid. s L5860 1067 181012 2GR {2

Totai LO45. 1Q79. & 2T 4751 TRG

1/ High water demand crops (1000 mm/ha)

2/ Low water demand crops (500 mm/ha) — 24,73 ha. command area

=/ FAssumes discharge cf 1.9 cuzecs and 1.20@ hous pumping. Excludes
pumping of STWs and HTWs. Number in parentheses indicates
percentage of presently cultivated land.
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From Tables 6 and 7 it is possible to explore the potential
possibility in the NW and NE Regions for STWs and DTWs, respec-
tively, assuming that the only limits are available recharge.
The maximum possible number of S5TWsz and DTWs may be over
optimistic but they do provide some estimates on the number of
tubewells that could be installed (assuming it was possible to
distribute all the tubewells homogeneously throughout the
country) within the limits of available recharge. However, as
pointed out by a number of researchers, the types of tubewells
installed are not well correlated with the clasification of the
area (Gill, 1982), nor are the wells evenly distributed
(Assaduzzaman, 198%9). Table 8 details how poorly the types of
wells installed matech with the designation of the particul ar
areas. From this table it can be seen that there are 48,244 STWs
in areas designated for DTWs and &116 DTWs in areas désignated
for STWs. Obviously these designations are not ironclad, and
most of the tubewells were installed prior to the studies that
developed the designation, yel the wide discrepancy between
designation and type of installed tubewells coes far to explain
why the groundwater irrigation system is not working as well as
planned. Froper equipment installed in the correct areas is
required to obtain maximum social return from the water resouwrces

of the country.
I]. Economic Costs

It is difficult to determine erxactly the costs of installing

DTWs in STW desigrnated areas and 3TWs in DTW designated areas but
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Table 8: Comparison of Tvpes of Wells in STW and DTW
Designated fArea, 1784

Desigrnation MNumbp i~ Number HNumber Fresent Rate of
ot Area by of STWs ot DTWs ot HTWs Fumpings ST or
Technoiogy TV Mur 1/
Nl - 5TWs 27088 TBEE 2846 450.2 (DTW)
NE - oTWs 17905 2878 5591y 458.9 (DTW)
NW - DYbis S4914 E774 ge11z 1291.2 (8TW)
NEZ - DTWs L2355 256Q 87472 4944 (5TW)

Total LA45@ F16557 2094.7

1/ Fumping by tubewell type thak: not the designated one.

it is certain that 1t is a very large amount. If it 15 azssumed,
tor evample, that all of the DIWs that are installed in STWs
designated areas are incorrectly located, it is possible to
estimate the GUOR subsidy that was provided unnecessarily. With
116 DTWs at an average price of approximately Tk 250,000 and a
rate of subsidy varying from 40 to 99 percent, the total cost to
the GOE ranges from Tk 6116.6 million to Tk 1376 million. These
figures have to be prefaced with a number of assumptions, but
they do reflect the magnitude of the costs of incorrectly
locating eguipment in areas where other technologies, in this
case unsubsidized STWs, could serve the same purpose more
economically.

Some GOR officials have expressed corncern about areas of the
country where S5TWs have problems. This is a valid concern, but

their suggestions for solving the problem, by barring STWs and
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installing DTWs, are not logical. In many of these areas there
are already more tubewells and more potential extraction capacity
than the available recharge. Installing additional thbewalls,
particularly DTWs, will simply exascerbate the problem.

It 1s interesting Lo examine these areas, as the self
regulating aspects o+ STNQ have become obvious. Farmers have in
some areas such as Tanore in Rajshahi District meodified their
STWs to become DSSTWe. At the same time they have made & major
shift to wheat away from boro rice az they know that boro rice
requires maxtimum walter in late Marcih and Gpril, which ig exactly
when the groundwater level is the deepest and, therefore. most
likely to be below 20 +teet from the STW pump. In addition,
farmers have come Lo realize that 3TWs are not the hiah paving
investmente they were a few vears ago. Consequently., STW sales in
the problem areas have fallen drastically. This 1s dramatically
illustrated in the line chart in Figure 8. Farmere in the
praoblaem areas have become muoch more conservatlive and are only

buying STis if or wnhen they cre certain they will male o foir retura on

their investiient.

Both as a conzeguence of the changed pumping practices and

i

of better raintall, aroundwalter levels in the problem areas. that
were low in 1982-8%, cvame back up to normal level 1n 1984, This
indicates that, ot jleast to date, the aguidier i1s not being mined.
However ., while oroundwater imvestment patterns to dele are

history, futuwre patterns sre estremely amportant.  Given the

results of the analvsie presented i the previous scchtion, 1t 1s

difficuit to understand how the GUER carm be actively involved 1in



STWS SALES
(Thousands)

33

Fig. 8. Sales of STWs in Rajishahi, Pabna, and Bogra Districts
1974-1384
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Source: Data from BADC, Shallow Tubewell Division
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planning additional tubewell investments that are counter to the
recommendations of all the aroundwater modelling studies to date.
Two such projects, the Thakurgaon DTW Proiject funded by ADB and the
IDA DTW-II Project are to install 90 and 1100 DTWs, respectively.
The bulk of these DTWs are to be placed in some of the best STW
areas in the country. In general, there is not even a major
disagreement about these locations: they are excellent for STWs and
have been designated so by all of the maijor groundwater studies.
This kind of investment 1s not only economically difficult to
dustifty but eventually will lead to more significant problems of
compelition as STWs will continue Lo be installed in these areas

until restricted by law or falling groundwater levels.

III. Future Requirements

Projections of future population and foodgrain requirements,
carried out as part of the lona-range planning exercise by MPO,
have indicated that it iz not possible to meet the future foodorain
requirements of Bangladesh without drawing down watertable levels
throughout the country. This will result in some degree of
short-term mining of aroundwater, but in the long-term as this
frees up storage space in the aguifer it is expected that this will
create additional grourncuater recharge.

The analysis carried out in the previous sections was
restricted to available recharae and, therefore, excluded even
limited mining. However, the data set used provides a set of

estimates for the situation where the groundwater is exploited to a
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greater depth. This data can be used to evaluate the impacts of a
general lowering of the watertable. An example from this analysis

is presented in Table. 9.

Table 9: Development of STW Designated Areas
at Potential Recharge Levels

Potential Possible STWs Possible STWs Potential Area
Area Rechar ge with Availlable with Potential Irrigatable
(MCM) Rexchar ge! Recharge® (000 ha)
High= Lowd

MW HO36 .5 LO2667 230716 DRS(7HLY 13
NE e Y 131070 DRA(B7%) 74

Total 13535, 1 Labaadb Sl 76 1447 2170

L From Table &, Column number 5

2 Asmsumes that the water table is drawn down to the limits
of STWs pumping Lift

2 MHigh water demand crops (1000 mm/ha)

4 Low water demand crops (500 am/ha) ~ & ha command area

Actually exceeds 100%

From this table it can be seen that, even when planting rice, using
only STWs it 1s possible to irrigate 75 percent of the presently
cultivated land in the NW and 57 percent of the presently irrigated
land in the NE. If the farmers in these regions change to lower
water recuiring crops such as wheat, in the NW 100 percent of the
presently cultivated land can be irrigated from groundwater and

24 percent of the presently cultivated land can be irrigated in the
NE. In practice, due to local variations in groundwater
availakility, it is rnot actually possible to irrigate 100 percent
of the presently irrigated land in the NW, except for certain

upazilas in districts such as Rangpur and Dinajpur. However, it is

\
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certainly possible to irrigate 90 plus percent throughout the
entire region.

It should be emphasized that this scenario does not pull the
average watertable level below the effective Lift of STWs,
although, due again to local variability it maybe necessary in
certain identified areas to install DSSTWs. This point is
important as it means that more expensive, imported DTWs are not
required in these regions even to meet future proiected foodgrain
recquirements.  Of course, the presence in the area already of more
tharn 000 DTHs which are presently pumping almost 1000 MCM of
groundwater means that there must be a proportional reduction of
the number of STWs. However. as these DTWs age and need
replaéemmnt. such as the BWDB Thakurgaon DTWs., they should not be
replaced with DTWs bt instead STWs should be installed in their

place.
DISCUSSION

This paper has presented a criteria for location of STWs and
DTWs and, using available data, has compared the actual situation
against the criteria. Based on the results of analysis it can be
concluded that present location of STWs and DTWs, and even olannecd
future developments, do not agree very closely with the suggested
criteria. There are a number of explanation for this situstion but
one of the main reasons is the fact that excessive subsidies on
DTWs have encouraged them to be installed in areas where, Judged

from groundwater conditions, they are not reqguired and,
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consequently. they are more expensive to operate than STWs. Only
massive subsidies by the GOB have made this situwation possible.
EFEconomic theory argues that if owners of DTWs had to pay the true
cost of installing them, DTWs would be installed, if at all, only
in areas where they can provide water at less cost than the next
best alternative. GOR subsidies have drastically changed market
conditions and, thus, have encouraced inefrficient lnvestment
practices.

As noted in the discussion on criteria for location, DTWs that
are required in areas with a deep watertable., excessive drawdown,
shal low saline aculfers and/or extremely thick clay lavers are
going to be both more expensive to install and to operate. Yet, it

is in these areas where STWs and DSSTWs are not techniecplly feasible

that DTWs provide the next best alternative source of water for
irrigation. Given the desire of the GOB to make certain that
economic activities in these less well endowed areas continue to
grow, and keep abreast of the other regions, there may be a welfare
argument For providing subsidized DTWs.  This will be provided from
the point of regional equity rather than economics and has to be
recognized as such. Such a case 1s in sharp contrast to the
situation where the GOB is installing DTWs at 40-90 percent subsidy
in some of the best water resource endowed areas in the country;
a process that serves to further skew reglional income disparities.
Banglacdesh is rapidly approaching a point where uncontrolled
installation of groundwater extraction devices has to cease.
Already STW sales have been restricted in eight upazilas in

Raishahi, Pabna, and Bogra districts. Consultants of the IDA
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DTW-II project have recommended to ban further STW cdevelopment in
15 upazilas and to discourage development of STWs in an additional
four upazilas. This recommendation was made, primarily, in order
o minimize encroachment of $TWs within the command areas of DTWs.

Some individuals within the GOB believe that the only way to
solve this problem is to pass very strict installation and pumping
laws . Yet, this suggested solution goes directly against the GOB’'s
stated position of moving away from government ownership. This
committment toward ‘privatization,’ while significantly reducing
the financial burden of subsidies on the GOB, also reduces the
ability to control pumping and, to some extent, location of
installation.

Gi&en that the trencd toward privatization is likely to
continue and even accelerate, the GOR’s ability to control
aroundwater development at the micro level is going to be
significantly reduced. If this is correct, then what is most
likely to work best are regulations that work at a very macro
level. An example of such a regulation is a zoning rule that zones
an area for only one type of extraction device. This type of
regulation is easy for evervone to understand, does not require
complicated interpretation and tends to minimize (but of course
does not eliminate) the potential for corruption.

With the vast areas of Bangladesh that can be irrigated with
STWs at a cost (both total and in foreign exchange) much less than
the cost of using DTWs, it is recommended that all areas capable of
being developed with STWs and DSS5TWs be zoned for STWs and, as

-such, no DTWs would be installed. 1In those limited areas that,
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because of unigue aguifer conditions,. reguire DTWs, the GOB would
Frave to decide if 1t waﬁ justified to install DTWs. If this
decision is made on an economic basis, then DTWs would not be
subsidized. oOnly when the decisicn to install DTWs is based on an

income transfer argument should subsidies for DTWs be considered.
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MO-HTWS DEFTHGWL MAX~GWL  MAX-FLUC FLUC-GWL SPFP-YIELD ACTULREC
700 4,15 6.20 .10 2.17 14.000 714

S00 4.10 G50 4,30 2.82 14,000 « 630

700 S Ptt 6. 50 4. 50 2. 41 12, 000 -S40

1350 4,03 S.085 S.10 R 14,000 714
LZ50 S.41 I 4.10 2.594 12,000 AT
2100 3042 4.24 4,20 2.738 10,000 W G20
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400 4,34 = 3G 2,09 12,000 400
00 2,78 4. 28 2a9h Z.10 A RPN SIS TH] 444

FECI Y L
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Data Notes

Definition of Data Fields

Serial number Tor internal dcdentitication

i

SERMNO

KARTMMO  ~ Mumber wsed to identity data From Karim (1954)

WATBASIN Water basin based on UNDP divisions (Appencix I11)
TOTAREA -~ Total area of wpazilo in hectares

CULTAREA - Total area presently cultivated in hectares
NOWDTQS = Number of DW=

NO-STWS =~ Number of STWs

NO-HTWS -~ Number of HTWs

DEPTHGWL. ~ Depth to GHL From average ground level - April-May, 1983
{(metors)

MAX ~GWL. o~ Maimun GHEL over reoecoraed

MAX-FLLUC ~ Meodimum Tluctuation botween the highest GHL ever recorced
anc the lowest GHL (meters)

FLUC-GWL. ~ The fluctuation between the hiahest GWL and that of the
water level in the last weel of Decembor. Foro the
Aiztricts of Dhala. Mymerssinah, Kishoreaani, Moulavibazar,
Surrameert b, Sythiet. Comilla, Bradenaribaria and Chancpue,
FLUCGHE 3o Vhe meocioam @ havtoal bon Hoeltweon GHL. in the
Lamt weel of Decomber anegd the lowest L in the months of
April bo June (melors)

SP-YIELD - The specitic vield in percenl (&)

ACTULREC ~ Actual recharae is the opecitic vield converted to
decimals waltiplied by the MAYX-TFLUX (malers)

AVALLREC ~ Avallable rocharae can be caloewlated by maltiplying the
apecitic vield convertod to decimals Limes FLUC-GWL and
subltracting trom ACTULREC.  However. Tor Ltho above
mentioned cistricls., FKarim codowlatod savallable rocharae
v omltinlving speciiic vield in decimals by FLUC-GEL. .
Crerleeyan)

Some wpazilas, where appropriate, have been split in hallt to
reflect the faclt that hall the area is aocd tor STWG ancd halt for
e However, depending upon the location ol the observation well,
the technical coefiicients are biazed Loward one or the other,
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58 APPENDIX III

AQUIFER UNITS
NORTHWEST REGION
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A0 _ APPENDIX IV
EXPLANATION

1NDIA
BOUNDARY OF CEVEILOPMENT ZOKI (DEIIONATED A THAOUEH O)

o a_fwEdT BINOAL)

ARTA UNIUITABLE FOR SHALLOW TUBEWILL DIVEILOPMENT

.f-
pa

AAKA UNDER THI COASTAL ZONZ WHEAL COMPLIX SROUND wATTA
CONDITIGNS EXIIT, {H QEHERAL , CONSIOEALD AR UHIUITARLL POR BHALYL
TUREWEILL DEYELOPMEINT, SAOUND WATEZR POTIHTIAL MAY BT CORFINIET
YO THE DXLP AGUIFENR,

BSUITADILITY FOR SHALLOW TUBCWILL DEVEILOPHIEINT I8 HOT XNOwWH
PUL TO INSUFPFPICIENY DATA,

AATA SUITAILE FOR SHALLOW AND DLLP TUREWLILL.

ARIA WHERE THE DUVILOPHUNT POTEHTIAL FOR DELP AND JHALLO X
TURIZWELLY |8 NOT KHOWN DU YO LACK OF DATA.
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NOTE - REVEIR TO TARE {2 FOR llHllA‘L CHARACTLAIITICY AND DEVLLOMY
POTENTIAL OF EACH JONEK, ENCLOJLD.
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ADDITIONAL BARC PUBLICATIONS
ON
IRRIGATION WATER MANAGEMENT
The Pollowing publications are available upon reguest to the Wi
Frogram Area 1TADS/BARC.

BARC. Soils—-Water Maragement Research Inventoﬁy.and Froblems in
Bangl adesh. 197%. ‘

Oswal, M. O, Swil and Water Management Frogram for Bangl adesh.
BARC. Julw 199795,

Brammer . M. Plowuhpans and lillage Problems in Bangl adesh Soils.,
BARC., PMearch, 1780-

Silideilrgues, AL BF. and Il Frawv. survey oY lrrigated Cropping
Fatteirns in Uangladest and Tmplications for draft SFYEF. A/DSL -

R TATEN I NMovember 1@,

Ehvari, . K. armch Mo B Rahman. Waler Requirement of Cotton for
Uptimwn vield wicerr Didferent Cultural Fractices. First Annual
- . . v . pr e . e -

Frojeci. Report. BaRE.  June 19wl

T2 E{ Inventory  on Menpower and rivvsical Facilities swvallable
for (rrrigarion  end  Water Management Research in Bangladesh.

Bolls and Trrigation Divieision. Movesbes, 19781,

rarim., . =t oal. Coaztal Salineg doils end their Managemernt in
Bangl aswsh, ARG, January, 1960,

Lewvire, Gil. Irrigation % Water Management. BARC/ IADS
Consultancy Report. February, 1984

Lowder di Lk, Muast o Fanal, Repor t on Congultation - (Water
Managemnents o BORC, (Al Consul tancy Report. March, 19880

ARG . Flrst Annual  Report Cowvrdinated Irrigation and Water
Manawemenl xtensoon Hoeclial ial atl LARC BAREC/IADES  Consul tuncy

Repori. Jectober , 1984,

piseelyuist, David. Froposed Activity for IADS Water Management
Dntenslon, Speclralzsat ab BARC. BrfC/IRADS , Consul tancy  Report.
Oetober , 1982,

Johnsorn, Loyd. Froposed Water Mooxgement Activities Report for
FARC/IADS  Mgracultuw a)l Engineer. BARC/LIADS Consul tancy Report.
November, 1982,

Marim, Z. and N. A. akbandg. Nel Irrigation Reguirement of Rice
arid Evapotramnespiration of Wheat and PFPotalto fuor Different
Lozatione of Bangladesh. BARC. Decembar, 1982.
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Haro-abt v w. o brn. PV Drear Lrrdgatiun Developanent an Baongladesn.,
UoALl s barmal adiesn AT EI A R B2 A
Joimsion,  iowd. Ubsenr cations  on Water Management  Lsgues  in

Banqgl adwesh. BARL/ LADE Jonsultancy Report.  May, 1983,

Gheara . . @t al. woldlection or Divterent Typaes of Manually
Operated Funps Avallable in the Country and Evaluation of their
Ferformances  1n UOrder to Select the Best Avarlable Desian  to
Carry Further Modification, if Necewsary, to Improve Ferformance.
Ag. Engineering., Research Repor-t. No. 7. July, 19673,

Levine, OGal. Water Management Workshop. BARC/IADE Consul tancy
Feport.  suguah, 1935

BARC. Geconcd  Annual Report: Lourdinated Irrigation and Water
Management  Studies (1%31-8). Soils  and lrrigation Division.
Sepltember o LWdi,

Wal twr,  Michael % othors, Review of lrrigation Water Managament
Fer-oegr am at  Bangladeskh  Agricultwral  Umniversity, Mvmensinah,
BARC/IALY Consultancy Report. UOctober, 19845, :

Radoswvich, George K. Groundwater Development and Managemnenl in

Barmgladeasn: Imstitutionalizing ét Strategy. BARC/ IADR
N -y =y -

Consul tancy Report. November, 1983,

EaRC. Friorities + o Research in  Irrigation and W b ezt
Management. Soils and lrrigation Division, Decamber , 19783,

Howes, Richard B. Options in Powering Irrigation Equipment for
Tubewalls and Low-lift fumpa 1n Bangl adesh. BARC/ [ALS

Comsul tency Report. December, 1985,

Gill, Sera-d J. The Demand for Tubewell Eguipment in Relation  tao

Groundwa ber fivailability 1in  BRangladesh. BARC Agricultural
Bconoml cs and Rural HSoocaoal Science Fapers Moo 135, 19835, .
Weaver ,  Thomas et al. A Frameworlk +or Economics Research on

Water HManagement in Hangladesh, BAHC/TIADS Consul tancy Report.
January, 1924. !

Radosevich, Beworge E. Water Law Bibliography for Bangladesih.
BARC/ LADS Consul tancy Report,  Jdanuery, 1984,

Elevins, Robwert L. Fotential for Minimum Jilage in Bangladesh.
BARC S 10DE Consul tanmcy Wepart.  Febreaary, 1984,

Jobmesone LT, man. coonomics and technical Uperation of Deep
Tubirie il s on Bano) seesh. Bkl Lans Consad bancy Repart. March,

194,
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¢c/0 United Mission Lo Nepal
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Kathmandu, Nepasl,

Drr. Robert Chambers, L[Do
University ot Suscex
Brighton, BN 1 9RE
England

IRWP Dffice, 5/7 Lalmatia
Block ‘B, Dhaka

Team Leader SSISP
Coade % FPartners
FO Box 3128, Dbhaka -~ I

Froject Director
Small Scule Irrigation Sector Froject
Planring Scrhemes —~ Il (ADE) , BWDE
47, Mirpur Road, Dhaka -~ 9
{
Md. Masharraft Hossain
Agro-Economic Research Unit
Agriculture % Ferest Division

. Room No. 902 (middle Eloclhk)

Khamar Bari, Dhaka

Md. Abdus Samad
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AFD, Ministry of Agricul ture
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Chairman, BUWDH,
WAPDA Building (2nd Floar
Moti jheal C/A, Dhaka

Dr. Anwarullah Chowdliar
Associate Protessor
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Dhaka University
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11. S. M. Ali Imam
Superintending Engineer (5TW:
BADL, Laumipur., Ralsheal

t2. Yin Au-Yeung
FRC Zngineerang
1551 East Mineral Flace
Littleton, Colurpdu. B@L.:
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13, 8. M. Hussairn Salt
FSO (Agril. Enga.
BARLC, Farm Gate, Dhdaka

1d4. Md. Abduss Sattar
Agrii. Enug. Division
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1%, Md. Jahirul lslam
S80, Agril. Engu. Divs@.owe
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16. 8.M. Nazim tJddrin
Agril. Engg. Division
BRKI, Joydebpur '

17. Mr.!Atti Yliverronen,
Administrator RDRS
Rangpur Dinajpwe Rehebilibtation Service
PO Bax 618, Ranna, Dhaka - &

%B. Mr. Charles J Fluegel/Director
RDR'3, FU Box 618, Ramne, Dhaka - U

19. Md. Eliasm
80 (Potato)
Breeders Seed Production Centre
Debigonj, Panchagarh

<20. M. lkramullah

Project Manager

Mirpur Agril. Workshop & Training School
Mirpur Section L2, fPallabi, Dhaka - 16

2. Md. Ruhul Amin

S0 (Ag. Engg.)
Ereeders Seed Froduction Centre

Daebigmnny Panchogarh
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. James E. Haldeman
International Agriculture Frogr am
Cornell University
T84 Coldwell Hall
Ithaca, New York 14853, USA
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She B ke Mlawi s
World dlank,
70 BRo: </, Dhaka

24, Dr. Sved Faczie Elabhl
Assocrate Proressor,
Dept. ot Soil Scarencwe
Dhaka Universigy

Md. Shawkat Ali Mallik
Sr. Scientific Officer
So0il Fhysics Section,.
BARI, Joydebpur
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26. Md. Shafiqul Islam
830 (Soil Fhvsics)
BAR1, Jouydebpur

27 Md. Maid e Ranhnal
FSO (In charye:
Sorl Fhystcs Sacliun
HARL, Joydebpur

268, M-, B.C. Basak
BINA, FO Box 4,
Mymensingh
i
29, Librarvy
Institute of Flhood Cuontrol
Drrainage Research
BUL T, Dhaka

V. Dr. A. Nishat
Director, IFCDK,
BUET, Dhakea

21. Mr. Walter kKock
Senior Agriculturist
World Bank
222 New Eshkatoun Road, bLhaeka

I2. Mr. Anthony Bottrall
Proaram Officer
Fard Foundation
FO Box 98, Dhaka

Dr. H. K. than
Northwest Hydraulic: Consultants
SE(F)Y 1, Gulshan Avernue, Dhaka
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4. Dr. Feith FPitman
Consultant Hydrougeologrst

HARZA/ MO, House Y6/K,

FRoad 5. Hanar . Dhako
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a5, Dr. HOFPL Hyland
Dy. Resident Representati.e
UNDP, Road L1A, tlouse &0,
Dhanmondi, Dhaka

Th. Dr. AL Hannan, Frotessor
Dept. water fesowces Enadinee 1ng
BUET . Dheb e .
L7, Dr. 8. M. Arshad Al
Dept. of IWM
BAU, Mymensingh t

8. Head, Engineering Division
BRRI, Joydebpur

39. Dr. Z. Earim, FSU0)
Soil Scirence Division,
EARI, Jovdebpur

. Di-. B1l Levine
Frogram O+ ti1cer
Ford Faundataan
S99 Lodi Estlate
Naw Delhi 118005, India

41. Dr. S.1. Bhuiyan, Head
Dept. of I[WM,
IRRI, FO Box 9334 Manila,
Fhilippines.

42. Mr. H. Rashid, ,
80, Ag. Engyg. Division,
BARI, Joydebpur.

42, Mr. N.A. Akhand,
FSO, S%I Division,
BARC, Dhaka.

44. Dr. Jacob Rosinug,
Chief Technical Adviaor
Planning Cell.
New Secretarial bBuildioyg soom 426,
Bangladesh Secretariat., Dhiaka. '

45, Mr. Keith H. Gorevy
Chiet Technical Adviser
"Rural Developnment Aucadeiny
Sherpur, Bogra

44, br. MR, Hagque, Head
Dept. of IWM
RAU, Mymenwingh
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Dr. .. R. Ehan
Dapt. or IWM
BAY, Mymansingh

Prof. M.R. Biswas
Dapt. of IWM

BAY, Mymensingh

Dr. 5. Talukder,
Dept. IWM
BAU, Mymensingh

br. M.A.S. Mandal
Agricul tural Eccnomics Dept.
Ay, Mymensingh

Prot. Idris,
Soil Science Dapt.
BAU, Mymenaingh

Dr. Dave Schuy,
Economist, MFO
House No. 946/A, Road 235,
Banani, Dhakia.

Pr. Tony Barvey

Prcject Supervisar . [
House Nou. Y&7H,

Road 2%, Banara , Dhalia

Mr. A.T.M., Aminul islan
Chies Engineer (Flarnniig)
MFO, House No. 9&/7A, Road 2
Banani, Dhaka
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Dr. Risto Harma
World Bank
222 New Eskatoun Road
Dhaka.

Dr. Amjed HoOssain
Praoject Coordinator

Rural Development Acadeny
Sherpur, Bogra

Mr. Nazmul Alam
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BADC, Kriwhi DBhaban,

4951 Dilkusha C/A. Dhalea

Mr. fi.A. Asadullah,
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BWDH, Mot jheel C/R/; Uldoa
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Director :
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Mr. Timothy Kelley
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Ithaca, N.Y. 148373

UsA

Dr. Donald Slack -
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University of Arizohia,
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USA '

Dr. Richard J. McLonrner
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Montana State Universilbs
Bozeman, Mon. 359717, Ui

Prof. Serajul Islam

Frofessor of Rural Economics,
Institute of Bangladesh sStudies,
W23, University Quarter
Rajshahi University

Rajshanhi.

Dr. W. A. Garvey

Team Leadear

MFO/HARZA

House # 96, Ruad ¥ 23 &
Hamani, Dhaka.

Dr. M. Mouleh Uddin
Aswociate Professor
Department of Statistics
Dhaka University
Dhaka-2.

Mr. A, F. Botirall
Program Officer ‘
Ford Foundation
FP.O. EBox # 98
Ramna, Dhaka--2.

Gunnar Knutsson
Firet Secroetary
(Development Corporationg
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68. Mr. Fijush Kanti Sarkar
Scientific Ufficer
Agril. Engg. Division
BARI, Joydsbpur,
BGazipur.,

69. Dr. Muinul Islam
Asscociate Frofeggsor and Chairnen
Department of Ecbnomics
University of Chittagong
Chittagang.

70. Librarian, MrO
Ministry of I(rr. Water Dev. &
Flood Control
Master Plan Orgamniusation
House # 96, Road # 23,
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7i. Programme Officor
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Sewdish Embassy
G.FP.0O. mox =504
Dhaka.
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Asian lustituteeof Techiology

F.O0. {30y 27954 :

Banghkok

Thailand.

753. Mr. Nasir Uddin Ahmad
Assistant Protessor
Department o+ Economice
Chittagong Urniversity.
Chittagong.

She Mr. Leslie Sinall
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Digana Village
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