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Preface
 

This work is a continuation of researc:h on tubewell:s in 
Barl...desh thamc-t was star'ted i.r 1.9:4 wher the author was asked to 
study the Deep Tubewe .. [ Irr.igccati..on and Credit Program (DTICP) under 
tie aciuspi.C:es o the i.rri.g:actt;ior r anagemci eiin t Prog r cai of thLi 
13ang .[adesh Agricu.1.tura.l. Researcl Coucilii 1J. (BARC) and the Int ernat.ional 
Ag ri.. C: it:ulura.. Deve.opmernt. S . .:'vi.ice (]ADS). IPulI.islihed resut.[ s oV thl'iat 
study acr e avaibc:b.1.l..e from BARC--IADS. O1"ne9 coCi.::us .i.on thre aLtLhor droN 
fromt the pre:vi.ous res i ch was: th.lat a: ntdy of t.c.ii::'c:Ue.l.ls had to 
include sh.:"a.low (,TWs) , Iia opiertedI (H 1,), and dee:; (D Ws ) 
tbLBowel.l..s ir orde.r to address the Lul.l rane of policy .i.s.1.5sues-
Consequently, tli auothor was p.eased when 13ARC and 1[ADS asked hi.m to 
r ieturri to exl:,.o.rie [hie q..cestiri on :cri teria for .ocationto Bang.ladcesh 

of: various types of t.ubewels.
 

During:t his re.se.acrc:h, 1ice alti ocr has been assi st.ed by a nu..iber of 
individuals. Dr:s. Kh. Azliarul hal and I ri 14c ai .1.Alisran, BARC 
Member--Di)rectors of Agi ].cult..ural Engtt]ineer.rig: and in-cLargce SoJU.s and
 
Ir ggaai .iisc1i arid Agr.i u.::li .1. C cn a ic s arid 	 et-ra..ir: Soci: ..a l Sc.i erc:: en and Ac t ing 
Chair.tman, resspes::ti.vel.y, h v both o fe.:red clJlea.] iir,: L onLi:e:tandrsu::t. ins 

have been sup:..Epor.tve of the e serc h. y, Dr:s lavi d
Similarl::;.i..1cr 

I]i. ::-: e :;[ 'l, . cJ U.l I (:'s.:: 11",.:' [' tIaveW cci::i c ''1 sc ssl.- ci! '.. {.,lsci;; ci il. ccl~~.w::cciF~dl 

i.mp i:urtan .nd 	 on ::,i lih au:t1hor. shacp n itleh f 

Pll:ann rg i (iPi.) 


queions: foe.d t::e cc slcc'cc 1so ,i-cciipt-c c his: 
anaysi.V s. At the.:Master .!sl'li i :an.iz:ato . on )r"s. Md. Sa.zacl 
to:.ss aili ciil c Moni.irc .i.e. Ia t i'ie haveiprovided . luale. assista:cei i:. is' andI c in'Vt .. u are 
to be:5':. for thic'. r1 c>::c,.1c.1 worki. .iros::t in l" s[ :.a,comiin.)l" dedc. x "ent Al '*,r,'*i:, 

Dr. G. T. K. I'.[man-c at tlarzai-.HPO iee'l:s to rocngii ::thed'as
be neda..i Lsc:" author 

1:1: him 	 C h, lyis very faii .1 w,. i.: ticlo,.i , hi s1.work cc..l'oi.ialthough.iortun:t?. 
ha o:: ihaes to is.hort. buI veor y p'oducti;..c:,iwonly had itwo cc: cve 
m)ee0t.l.s.i . Ariolhi.cr :ind.ivi dua l icc 1 .i uc [I'e ..Iauthor"'s .h.-.l e,:i rn.i 

and prov.i.d dis i.n.i.ght1.cinto:,lWI lpii lin In ' ".1w s R-e:ion is.	 he iW-

Mr, - H. A!cd.i i ictdizcicctlI 	 t-I.)Cno . ih1 ni :cc I wr .ierP anlO Iti. 15 0,' 

hias publisheds cc cc'ic I r grou~ndt.:cjer:c ome of01cc o bes n.c on in raniniicdssh 
:- n; 1 <::d t-[:'ii [:u.L.tor sJ::htt'c:ji o Ia hi.m acn M teth:cat theim ig. 

coI tri but1. rd._ ini f c atlerl .: l , - - effor t . il.s 	 y th: I ccnio:l I c t . 
were : r usu:l~a~l. gra c.iou)Is
cHPe: rtin y noJ( least,:;[ Dr. an:d'c Mrs-. Dau.gherl~c tty .-,ltheFi' 


selve c. Li c's otel-ci :-r : i. kI.nu t- AR.1 i i sthough Ltwe-cnty 	 id t 1l le 

Eiivaluati.Jon team[:ll in town atJ'Th1 :,!m::me:m . inJrally,, authoc:r
were;" , : na 	 rho{: 


liarii the elves at S 	 rnorne-iwish.-s tu t a 1:1tc .i..iconi Va. iy wit.[.l .hot.ci whi.:h o:f the 
data could have ben:.ricuricinech-

I. is hioped t ii :::i)iii.., , i::ci.] lcy makrs: with.n ihe Gsovernmentp 
of Banlcads:h w-il. re-di t-a .r rprlc s byhis. :a and the oh r.c, 
ogaI i a z[5o. cs5 c.i:: i c:I [ H I aiii, is..c iihe iifora io :.cvi.ded toti as u e Ic ::,e.ter 
develop the water ri. o i, . of IBang..ladc:s.i:c c [hisi.ca.l. both forcc.,-cu fi i.. ..

lhe well- eiq.rc oc I:he cou trI y and to j i'v t..-h n o Ihlce
eied?. c:oridsi t 
vast. popultio ire the rLial. ar.ceas ii Banga.d.ei-i-sh. 

http:Ariolhi.cr
http:t.c.ii::'c:Ue.l.ls


Glossary of Abbreviations
 

BADC Bangladesh Agricultural Development Corporation
 

BBS Bangladesh Bureau of Statistics
 

BWDB Bangladesh Water DeveLopment Board
 

boro 
 Rice crop grown in Bangladesh from December to May
 

CARE Congress for American Relief Everywhere
 

DSSTWs 
 Deep sunk shallow tubewells
 

DTWs Deep tubewells
 

GOB Government of Bangladesh
 

HTWs Hand tubewells
 

HYVs High yielding varieties
 

LLs Low lift pumps
 

MPO Master Planning Organization
 

MTFPP 
 Medium Term Foodgrain Production Plan
 

STWs Shallow tubewells
 

thana Former name for upazila
 

7* Taka, Bangladesh currency unit
 

UNDP United Nations Development Programme
 

upazila Sub-district level basic administrative unit
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ECONOMIC AND TECHNICAL CRITERIA FOR LOCATION
 

OF DEEP AND SHALLOW TUBEWELLS IN BANGLADESH
 

As a consequence of high birth rates and declining death 

rates. Bangladesh is in a whroric, food deficit situation. Onc
 

obvious solution to this problem is to produce more food 

domestically. Yet, with a population of 93 million and a axian 

cultivated acrengy of 23 million acres, Bangladesh has a land-n 

ratio of 0.25, one of the lowest in the world. Given its limit 

la.nd base, in order to signi Iicantly increase production of foc 

Bangladesh must intensify crop production. Possessing large 

arecs of fertile, deltaic soils with temperatur'e suitable for 

year-round cropping, the potential exists throughout the countr 

!or multiple cropping. However, annual rainfall, which varies 

from 60 to 120 inches, ialls mainly during the monsoon _eason 

(Hay to September). Therefore, during the rest of the year 

irrigation is required for successf ul crop production. 

While Bangladesh is a country rich in rivers and surface 

wat'er suppliies, its topography is such that it is both technica: 

complicated and extremely expensive to build large-scale surface 

irrigation systems. Gonsequentlv, once the full development of 

available water supplies using traditional water fi+ting device. 

and low lift pumps (L.L.P's) was reached in the late 1'.cs. the 

Gocvern:ent of Ban glades (GOB) made a deliberate decision to 

develop its vast groundwater resources for irrioatiun. However, 

while there is considerable agreement within anqladesh thaL 

investment in devices to e.:tract cgroo,-.dwater fcr irripoation is 



2
 

needed, there is wide disagreement about what form that
 

investment should take.
 

The purpo)se of this paper is to explore the range of issues
 

pertaining to investment in groundwater development. In
 

particular, the paper details the economic and technical 
criteria 

that determines the most efficient location of different types of 

groundwater extraction devices. For the purpose of this study 

four types of tubewel].s are considered: deep tubewells (DIWs),
 

hand tubewells (HTWs); shallow tubewells (STWs); and deep sunk
 

shallow tubewelis (D-3TWs) . 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 to Lhe 

complex question of grounclwater development, it does attempt to 

put the issues in perspect:ive and, thus, offer policy level
 

guidance for GUB decision makers, researchers and donor agencies. 

PRESENT SITUATION
 

As detailed earlier this report is primarily concerned with
 

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

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

different major types of groundwater extraction devices in
 

commercial use in Barngladesh. These are:
 

Deep 'ubeweil..1s , IWs are-, wells dril.led by' direci t jetting or 
reverse circulation to a depth of 25(i-.50 feet. The well is
 
developed with a gravel pa:k around the 6" - 10" well 
screen and 
utilizes an upper casing of su++icient length and diameter to 
install a lineshaft turbine pump. DTWs are either electrically 
or diesal powered and normally have a desion discharge of 2 
cusecs (60 lit/sec) +or bIWs installed by BDDC and 3-4 cusecs 00 
lit/see) for BWDB DTWs. 

http:25(i-.50
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Shallow Tubewells (STWs) are wells drilled with jetting or 
bailing methods, utilizi5ng a section of the casing string to
facilitate drilling, these wells are developed with sawcut or 
qauge wrapped screen and normally do not use a gravel pack. The 
depth of STWs varies deperding upon the aquifer, the area and the 
contractor, but they are usually arounld 90 to 1203 feet deep.
However, they normally use a centrifugal pump connected directly

to the tup length of the blind casing and, thus, 
 the effective 
pumping lift is restr-icted to a maximum of 25-23 feet. Most STWs 
are driwen by small diesel engi nes but more and more are
 
switching to electr i ci..l] motors where elec:ticity is available.
 
SIWs are generally designed to have a discharge of..5 tcusecs (15

litL/sec ).
 

Hand Tubewells (HTWs) or manually operated shallow tubewells
for irrigation (MOSTIs) are widely need in Bangladesh both for

drinking water and for irrigation. These are installed using

traditional bailing methods which 
 utilize the well components in
 
tl, process. Unsually, H[Ws use 
 1.5 inch (40 mm) pipe with brass 
or sawcut screen and are installed to a depth of 80- 100 feet. 
There are a number of different types cf manual pumps used; hand,
treadle and rower but the diss-harqe is generall.y low, approxi­
mately 0. 01l-0. 02 cusecs (0.3-0.o litre/sec) 

Under its I P-'-85 l-dium--Term F:ood Production Plan (rITFPF) 

Bangladesh planned to increase land irrigated to more than 7 

million acres with approximately halt of that being irrigated 

f rom groLndwaLer. Ihe ma.ior elemenL or irrigation growth in the 

two decades prior Lo the ITJFP was the rapid expansion cf ]low 

lift pumps (LLF's to harvest available surface water supplies. 

After 3980
., the majcr element of i rrcaton gro!,th -hif.tEd from 

LLFs to groundwater. Under the Third Five Year Plan (TF.P), 

grounowater irr-igatio n is expected to contributte 5.5;7 million 

acr s or 57 percent of the total irrigated area i:itman and 

Haque, 9 .') 

Table I presents an estimate o+ the number o± tubewells 

installed through the f.irt quarter of i185. These numbiers, 

although compiled using the best data av'ailable, are still only 
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estimates due to the large number of agencies that are involved, 

particularly with respe'ct to the development of STWs and HTWs. 

Table 1: Estimated Number of Tubeoells and Areas Served 
Bangladesh, February, 1985 

Fubewell 	 Approx<.imate Approximate GOB Estimated 
Type 	 Number Area Area 

Available Irrigated Irrigated 
('000) ('000 acres) ('000 acres) 

DTWs 18.2 1/' 728.0 1096.9 

STWs 150.6 2/. 1508.0 1899.6 

HTWs 285.0 3./ 94.1 112.6 

Total 	 2246.1 3109.1
 

]./ 	 Data from Central Coordination Committee for Irrigation 
Management. 

2: Data from DADC Shallow Tubewell Division 
3/ Data from various sources 

As can be s-en it, Table 1, GOD estimated areas irrigated, 

based assuned command apeas of O acres f or DWs, j2.5 ac:res for 

STWs and 0.5 acres + or I]Ww, terd to oerstate actual groundwater 

irrigated ac:reage. This 3 particularly obvicus when :omparin g 

statistics fromrr, BADC ard the BS. It is diff*icult to obtain the 

conect, figures but it is apparant that actual command areas o+, 

tubewells are much Fma] ler than BADC data indicate. 

in addition to mrolch:s of iow command areas, tubewmeils in 

B'angladesh also .ha probl -mna w:th mairtcrance and repe.ir. Mo,st 

tables, such as Table 1, prevent the number of tubewells 

commisaioned and assume a i 1,0 percent operational status. let, 

the limited available records show that this is not correct. 
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BADC's own records fur 1982-83 revealed that in Rajshahi, Pabna, 

Bogra, Rangpur and Dinaipur Districts, of 6745 existing DIWs, 

only 4556 were operating (Asaduzzaman, 1984). Similar data for 

STWs and HTWs is not available, but it is unlilkely that the 

percentage o+ these actually in operation is much more than that 

of )TWs. 

In certain areas, particularly in the Northwest, STWs have 

been having problems. This has resulted primarily from the
 

rapid, uncontrolled installation. No attempt has been made to
 

match STW numbers to available recharge or to restrict the
 

numbers, and consequently, 
 localized overei.ploitation has occured
 

(Alam, 1984). MTWs.have Leen troulbled more by mechanical
 

problems with the power uniLts, but in schemes
v some s'uch as
 

Thakurgacn, crustation 
and improper screening, have led to 

reduced discharge and even well failure. (Dhuiyan, 1984). 

CRITERIA FOR LOCATION
 

Criteria for developing a proper mix of tubewells in 

Bano] adesh must addre-s economic. social and technical 

considerations. In some areas of the country, due to unique 

environmental anc./or soc al condi tions, these cons'iderat:ons will 

be hi erarchial, but in most areas there Us a. wide range of:
 

alternat ives that can be puurued. Obv:i. ousi..' - in these cases the 

mix of tubeweits that are de,.ec.oped will be as much a function of 

existino po].ic., as it is a function of either economic. sucial or 

technical consi derati ons. 
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I. Social and Economic: Considerations 

As in the case of any investment, the BOB wisher to maximize 

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. However, it should be 

emphasized that increased human well being is not necessarily
 

synonymous with maximum 
 economi c return. For example, the GOB may 

believe that development of HTWs is more beneficial to small or 

landless farmers and ,deliberately decide to follow this path; 

among alternate dovelopment programs this may be the most 

equitable, but it is not necessarily the one that provides the 

maxi mum economi c return on the go\ernment 's investmert. Yet, 

equity is a valid policy objective and one that the BOB may wish 

to follow. 

In the came of: selection of tubewell technology, initially 

the GOD opted for DTls. This decisi on was made not necessarily 

because DTWs offered the highest return but primarily based on 

the argument that DNs can be orieneo toward sma] -farmers
 

(Asaduzzaman, 1984) 
 This was done to avoid the situatiumn where 

large farmers c:an afford to purclhase the tulewells and become 

water lords, controlling the water supply. However, the 

situation in the tieid has +ailed to justify this decisiorn and, 

based on current data, indicates that small farmers are often at 

the mercy of large farmers that gain control of the the DTWs. 

(Johnson, 1984). in recent years, similar arguments have been 
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made for HTWs 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 of the country that can be irrigated using this technology.
 

A. Economic Factor
 

Given no extraordinary technical or social constraints it is 

most economic to invest in groundwater extraction technology that 

can provide the most water for the least cost. In the case 

of a developing cour-ntry like B:angladesh this cost has two 

considerations, total costs and creign exchange costs as a 

percent of total cost.. Clearly, given the shortage of foreign 

exchange, it is best as much as possible, to minimize the
 

requi red foreign excihange and, under certain circumstancces, may
 

be most economic to use a technology that actually costs sligohtly
 

more i.F it car be purchas6ed local].y ratlher than be imported. In 

the caa of tL.uLewal].s,, DTWs require larce amounts o- foreign 

exchange as they are aeveloped prirmar:il'.y us:ing imported 

components. S1Ws recquire: a much smaller percentage of imported 

comporent ; ano., in stark cont;ra .sHTWs are al most c:ompletely 

made -rom local materials. 

Fortunately, in Bangladesh, STWs and HTWs are able to deliver
 

water at a cost le ss than DTWs. In icht of the fact that they 

al so re qui)r eI e- or .on xch nne anid cre.t e dome-t c proauuccti o'n 

of components, these techno.ogies are economical.y best iri the 

areas where there are no techni cal or soci al ccnst raints. These 

cost compari.sons are presenteo in iarlie 2. 
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Table 2: Coefficients and Computations to Compare DTWs, STWs and 
HTW Irrigation Systems. 

DTW SlW HiW 

Pump 	Capacity (cusecs) 

Typi cal Z' 1. 5 0.40 0.2 

Desi gn 	 2.0 0. . V2---. 04 

Command Area (acres) 

Tyri cal Q. 40.0 10.0 0. 

Pl anned 60--80 15-20 25-'..0 

Pump 	Hours/Acre 30 90 1-00 

Waters Costs/Acre
 

(Ta k a) 1 / 	 384 1556 1444 

(Taka) :2/ 	 1210 -... 

. iAdapted from Loyd Johnson (198.3)
 
, Based on BADiC rental rates V- 1k. 3.500 per DiW per year
 

Bs. on the conLuiltant. s ex.periences and numerous studies;
 

Howe'ver, all of meochanical it:'LirTcn 	 in
t.he J. i evices Bangladesh 

have been sold wi th a SLosidv. These Subsidies have been 

part:i c:ul.arlv 1.ar'gcv in t1 ern' . , c- LL.tH and DiTW:.. iF the 1late 

1970" .s ADC accounts indic aed that actual pav.'munt E bv 4armar. 

for LLPs am-urted t.o 12 percent of the coat t.c MM whi] , for 

D7ls 	the figur s .ess t'han 10I.pe:cent LLI"en t. -rr,ce- ments 

-
n 	 .
Tor 	e e i .n's :ie ra u i p i ce tot, . Ere 'L ', J . u ub 

sidized. However. DTW's ccntinfue to be heavii' ubsidi:et with a 

1185 selling price arrout.' n t.o ornlv about ,.ii percErit oi the cost 

to BADC (Hanratty. 19E3) 
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In addition to the rominal 
price of tubewells, provisions
 

•for the sale of- all tubewell .snvo lve subsidized credit
 

arrangemerts which reduce the effective price paid. 
For
 

example, for" a SIW sold for Tk 3. 
 L)000 a farmer has only to pay Tk 

2000 as a down payment and receives a 6--year loan for the
 

ba]lance, paying a reduced rate of irnterest (I0-1. percenL
 

dependi ng upon the source 0o- Lhe l.oa) on the bal ance. For DTWs
 

the down payment i. lTk 26,00i for an individual or Tk 13,000 for 

an official farmer cooperative. Furthermore, repayment of 

agricult.ur'al c:redit has genrOially 
not been very satisfactory,
 

with repayment rates for tubewell 
 being particularly poor (CARE,
 

1994). 

F:armers aru utilizing tubewell.s at levels that are
 

considerably below the expectations of 
those involved in national
 

planning. 
 This suggest? that under current -Farm-level conditions 

there is a divergence such that what is perceived optimal by 

farmers; is mu h.1lecss than what national planners believed would 

or shou.C be the case. ir-obably' the most obvious dist rtion that 

leads to a possible divercger"ce between farm-l.evel and national­

level opti mum i s the di stortion of pri ces re-sulti.no from the 

various subsi dies ri the S'!s anid DI Ws. A-;s illustraLed in 

Figures I and 2,. the higuher the rate of subsidy the sna.iler the 

command area required to reach a uoint where there is no further 

cost ad vantage to increased utoliza'ti on of the tubeweJi. This i-s 

particularly obvioLs with the DIW under zhe annual rental 

program. .s isfter 410 acr there e;.ff.ectiavelv no economi c 

incentive to expandirig the command area as the rental subsidy h'a.­
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practically eliminated,the benefits of spreading capital costs
 

over a larger number of acres.
 

Compounding the impact ot subsi dies 
are the additi onal
 

distributional losses resulting from expansion of the command
 

area and consequent utilization of a laroer network of 

distribution channels. These losses may vary by location, b,'
 

soiI type and by degree of maintenance, but research has shown
 

that the losses are in almost all cases a function of length of 

channel from the water source (Karim, et a]. 1583). As 

illustrated in Figures I and 2, when conveyance losses are taken 

into account, the results also serve to discourage e:mpansion of 

command area.
 

B. Social Factors 

in selecting the type of groundwater extraction technology, 

a number of social factors are also cri-tical. One o. the most 

important one is that of control. As mentioned earlier public 

DTWs were initially favoured over" private DlWs and STWs as it was 

argued that they would be less subject to control by l aroer 

farmers. However. as pointed out by Hamid (M982). a critical 

consideration in the installation of OTWs is the pressure that is 

brought to bear on concerned c.+Vicial-a to control the location of 

the tubewell. In the case c- tre _A[W this usuall 1y results in the 

wall cirnoin _Wcat.d ri " the iw . i, ti-ds c- an rtliaD -. 3,0r'i U 

farner. Data from 170 BADC DTWs cc llected in Bangladesr in 194 

ird:icates that mislocation of th se tubeweils is a comcmor 

occurence. based or this data, mislocaLion resulteo in 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
 

command area. With average farm size within any single command 

area of less than an acres, expanding the area of land served 

ant: n7umber of users increases management effort and potential for
 

conflict. Using details from Hanratty (1983) it is possible to 

estimate per acre orqanization costs. 
 Based on this information, 

it appears that organization costs per acre commanded are 

constant between 10-30 acres, decline until 40 acres are served 

and thun start to increase rapidly as the command area expands 

beyond 50 acres. Given this situation, and the lack of economic 

incentive to serve a larger command area, it is not surprising, 

that a number of DTWs are found to be controlled by a few large, 

powerful farmers and are only serving 20-30 acres. 

Another major critical social factor in selecting the type
 

of groundwater extraction technology is the impact on village 

level drinking water supplies. Generally village level HTWs are 

installed on the vilage mound and, therefore, are 3-6 feet above 

the irrigated areas. Consequently, even a STW has the potential 

to lower the groundwater beneath a HTW, although it is the DTW 

that is likely to have major negative impacts on drinking HTWs. 

Already in areas 0,+ R&ashahi and Dhaka Divisions some surf ace 

mounted HTWs are not 
able to lift water from the prevailing
 

depths.
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DANIDA and MFO 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.S) m from 

the surface. This has resulted primarily from excessive 

competition from the irrigation sector. Table 3 details the 

areas and the population affected.
 

Table 3: Areas and Populations Requiring Deep Set HTWs 
for Potable Water. 

Distric~t Upazilas Population (1981)
 

Total Affected Total Affected % 
:1000)
 

Rajshahi 32 27 5,263 2,634 50 
Dhaka (part)1/ 30 6 639 
Pabna 18 12 3,420 970 23 
Bogra 16 11 2,717 818 30 
Tangail 11 5 2,'444 726 30 
Kushtia 12 7 2,273 471 
 21 
Jamalpur 13 6 2,445 454 19 
Faridpur 26 4 4,768 22 7 
Jessure 26 4 4,016 239 6 
Comiila 26 1 6,880 209 3 
Sylhet 37 6 5,650 186 3 
Dinajpur 23 2 3. 98 59 2 
Noakhali 16 1 7.,81: 49 1 
Mymensingh 35 1 1,543 27 1 

- - - - - -- - - - -- - - - - --- - - - - - - -- - - - - - - - - - - - - --- - - - - - -

Total 321 93 53,470 7,804 14.6% 
------------------------------------------------------------

I/ Dhaka Sadar not included 

Source: Pitman and M. Haque, W784 
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I. 	 Technical Considerations
 

In general, in most regions of Bangladesh, an area that is
 

suitable for installino STWs is always feasible for installing
 

DTWs, but an area which is considered suitable for Drws may not
 

b.e feasible for srW, or even for DSSTWs. The main differen­

tiating factor is the static water level in the well. As
 

illustrated Jin Ficure 15, the e.fective lift 
 for the other
 

technologies is less than 30 feet for DSS.Ws and around 20 feet
 

for STWs and HTWs. I;n contrast, the effective limit for D.Ws is 

determined by the depth of the turbire pump within IMe weJl.
 

Consequently, if S Ws and HlWs are to be located in an area, the 

ef-fectyive depth to groundwater from the surface cannot be allowed
 

to go below 20-.3 feet. However, if DIWs are to be the sole
 

device installed, then the water table can be pulled down below
 

the effective limit ot 00 +eet. Yet, if a decision is made to
 

avoid nining the qrnundwater resource, then the effective limit
 

to pumping is the amount of usable 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 +all below the depth from which it may
 
physically be pumped
 

(b) 	the recharge limit may 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. Where these
 

layers are relatively thick the potential for STWs is limited;
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Fig. 3. Lift capability of different suction pump technologies
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coI .in l -- STMh can be succe5-fully 

i nsLzl ed. H-Io.w.uver, some areas s cLlh as the EautErn Pi edm n 

Wate:r Basin that is 1ocated n the most northern parts of 

Jamalpur and H'ymensingh Districts, surface clays that vary frtom 

25-I125 feet in hickness effectively eliminate the potential for 

STWs. Figures 4 and 5 detail the thickness of the upper clay 

layers for the NorthwesL and Northeast Regions of. Bangladesh. 

Another consideration is he amount of irrigable land. It 

is possible to have some cases where the amount of irrigable land 

altho:ugh 1 w-lying arneas 

i. the limiting factor rather than the quantity of available 

groundwater. This case is not the norm but may occur in some 

areas of Bangladesh and, therefore, must be included as a 

technical consideration.
 

Finally, it must be recognized that there is a zone of 

in.f luen~ce created by any tLubovell, either DIW, STW or DSSTW. 

This zone varies: wiaorly depending upon aqui+er characteristics 

and is cer-tainly not un'fif.orm across a country such as Bangladesh. 

Well tests in the Northwest Region have shown that the rLadius of 

influence for DTWs varies from 6(0 to 8000 .Meet. Therefore, 

spacing of: wells, as well as the type and nurber, is also a major 

consi derati on. 

A. Scenarios
 

If a decision is made not to mine the nroundwater, there can 

then be two scenariosL (1) the available recharqe can napport 

pumping at a depth greater than 20-10 feet and (2) available 



Fig. 4. Thickness of upper cl.ay in Northwest Region 
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Fig. 5- Thickness of upper clay in Northeast Region
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recharge is insufficient to provide enough water to pump the 

water table below 20-0 feet. In the latter case, recharge is
 

the obvious dominant constrairnt and, hence, dictates the
 

development poterntial, and to some 
 extent, the type of technology 

as well. In the former case, in order to capture all of the 

recharge, a deliberate decisior; will have to be made to exceed 

the 20--0 f oot limit if 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 203 to 28 feet, the use of DS"TWs may be considered 

as a viable alternative. Producinc water at a cost estimated to 

be 20-30 percent more than that of STWs (depending upon the depth 

of the pit and depth to grouidwater), DSSTWs are still less 

expensive than DTI"Ns for this type situat.ion. 

Using data from the UNDF' roundwater Modelling*'Study (1982) 

it is possible to compare the impacts of a criterion that 

const'-ains the reduction : or-oLridater depth to an effective 

limiL for SlWs (here 25 feet) and a crit erion that constrains the 

reduction of groundwater depth to an effective i imit for STWs 

plus the total recharge quantity (whichever occurs first). Data 

for Bogra District are presented in Table 4. From this table it 

can be seen that in all but two of the upazi]).as thanas recharge 

is the dominant ( onstraint and. consequenti-. a criterio n related 

to depth to oroundwater is not active in this district. This 

district can, in most ups::ilas, cOevel op all the ava.lable 

recharge using only STWs and, therefore, should not be developed 

usi ng DTWs. 

http:upazi]).as
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Table 4: STW Numbers Based on )ifferent Lriteria 
for Bogra Diztrict 

Thana 
 Criterion Actua.l % Land
--------.---------------......... 
 Irriqated
 
25 Foot GWL 25 Foot UWL Limit Within Recharge
Li mi t Plus Recharge Limit 

Constraint 

No. STWs 
 No. STWs 
 %
 

Adamdighi 5.40 51% . 2,

Ak ke pur 479 
 388*. 
 21
 
Bogr.. 2120 1707* 
 35
 
Dhunat I b:,/ 1647 53
 
Dupchanch i a 35C 338. 
 18

Iabtaii 3661 3257 
 69

Jai purhat 1230 928* 
 29
 
KahaIoo 
 561 509-. 17Khetial 945 876* 
 22

Nan:di or am 809 681* 
 22
 
Panchbibi 
 871 
 871 
 2:3
 
Shariakandi 14E6 
 1261* 
 66

Sherput I.753 1622* 
 43
 
Shi bgonj 2029 1291 * 3_".;
 

Total 18,481 15,895 
 35
 

• 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 STWs.
 

As illustrated in Figure 6, local 
variation can shift 
the
 

appropriate technology from a 
STW tc a DSSTW or- evEn a DTW. 

Thus, even studies such as this have to be balanced off with
 

good, local-level data. 
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Variation in SiW potential 
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III. 	Combined Considerations
 

By combining social, economic and technical considerations 

it is possible to develop a suggested set of criteria for 

locating different type of tubewells in Bangladesh. As mentioned 

earlier, in 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 land can be irrigated using the groundwater within 

the first 20 feet of the aquifer, only STWs should be 

i nst l ed. 

(2) 	In areas where all the available land can be irrigated using 

the groundwater within the first 30 feet of the aqui.ier, 

STWs should be installed but with a mechanism in place to 

change them to .S)zSIWs as necessary. 

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

by STWs from the first 20 feet of the aquifer, only STWs
 

should be installed.
 

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

from the -first 30 feet of the aquifer, only SIWs with a 

mechanism to move them down to become DSSTWs should be 

installed. 
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(5) In areas where the clay layer and/or silt formation is too
 

thick for STWs, DTWs are the main alterrnative to be
 

considered. However, localized variation must be recognized
 

and 	procedures developed to install STWs where they have
 

access to a dependable aquifer.
 

(6) 	 In areas where available recharge exceeds what can be pumped
 

from the upper 30 feet of the aquifer (a rare case but
 

possible in some regions of Bangladesh), 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. 

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

is below the lift capability of STWs and DSSIWa. to capture
 

the available recharge, it is necessary to install DTWs.
 

(8) 	*In the coastal regions, where saline water is found in the 

upper aquifer, it is necessary to install DTWs to reach the 

freshwater in the lower quifer. 

* 	 In both of these cases it must be explicitly 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 the criteria presented in the previous section it 

is posible to use available groundwater and tubewell installation 

data to see how well current development is progressing and to 

determine if it is consistant with the criteria. Gill (1983) 

carried out such a study for STWs for the Northwest Region of 

Bangladesh but his comparison was based on the optimum number of 

STWs as defined in the UNDP Groundwater Modelling Study (1982). 

This optimum was based on a 45 percent development level and did 

not take into account available recharge (Pitman, 1984). 

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

required. Such data are available in the excellent report by the 

Groundwater Investigation Circ e and are used for this study 

(Kar'im, 1984). NPO 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 Karim (1984) are 

cons:ider'ed to he adeqjuate (see App ndi" I for details o- the 

upazilas and Appendi.'.n II for a listing of the data used). As 

additional data on groundwater conditions and other technical 

coefficients are only readily available for the Northwest and 

Northeast Regi ons, this study is limiited to these two areas. 

However, this is almost 70J p;rcent o+ the entire country and, 

thus, is an extremel y sigonificant area. In addition to using the 

upazi .a leve) data. the two regicns were al so divioed into 

:JroLndwater baSis (see Appendix 113) based on the Bangladesh 

Water Balance Studies 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 c=alculated. It is known, for example, that in
 

some areas inccreased groundwater withdrawal will increase the
 

amount of r-echarge without leading to a situation of mining the
 

groundwater. As clearly stated by Asaduzzamnan (1984), the safe 

yield (whiclh is defined as the annual extraction from a 

groundwater unit which will not, or does not, exceed the annual 

recharge or lower the water table so that the permissible cost of 

pumpincg is exceeded) relates to a parLicular set of conditions. 

Hence, the safe yield is not a constant, and the value needs to be 

revised over time. 

I. Results 

The data used for this study cover the majoritye.o+
 

Bangladesh including most of the tubewOlis installed in the
 

country. General statistics for the area are presented in Table
 

this table i t can be seen that total pLmpirg, across the 

entire area, is cnly slightlv more than half of the estimated 

available recharge. Thi s, hc:wever, varies from area to area and 

thereFore canrot be ge'neralized. However, the average available 

recharge per c-ultivated unit area (.220 m/ha) is riot sufficient 

water to plant all W. the cultivated area r, rice. In fact. in 

most areas even if wheat in, planted. there is not suf f icient 

water to cultivate all the land u.in g only or oundwater. 

5. F:romb 
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Table 5: Description of Study Area: NE and NW
 
Banqladesh, 1983-841/
 

Total Cultivated Number Total Total2/ 	 Average
 
Area Area Tubewells Recharge Pumping 	 Available
 

Recharge/ha
 

Area ('000 ha) ('000 ha) DTWs STWs HTWs (MCM) (MCM) (m/ha)
 

NW 3444.7 2524.4 6812 62002 173549 7000.5 3341.45 .196 

NE 3324.9 2183.0 6638 31255 142990 4673.6 2192.95 .107
 

Total 6769.6 4707.4 13450 93257 316539 11674. 1 55:-4.4 .r15
 

I/ 	After Karim (1984) data are presented in metric units. They can be 
converted to EnglishL units by usi[nq the following conversion 
factors: I ha = 2.41 acres I m = 3.281 feet 1 MCM = 810.71 acre 
feet. 

2/ 	 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 it is possible to examine the frequency
 

of occurences where total pumping exceeds available recharge. In
 

Fiqure 7 it can be seen that in 220, or 88 percent of the upazilas,
 

recharge exceeds pumping. However, in 30 or 12 percent of the
 

upazilas, pumping is more than the recharge rate. It woulo seem that
 

in these areas installation of additional tubewells would not only be
 

uneconomic, it would also be technically unwise. However, 
as
 

documented recently by Asaduzzaman (1985), even in upazilas where STW
 

installation has been stopped, there are pockets where additional STWs
 

can be installed. Yet, even in these cases it is difficult to control
 

exactly where STWs are actually installed.
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Depth of pumping to available recharge
Fig. 7. 
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Based on the recommended zones (Appendix 4) for STWs and DTWs 

(United Nations, 1983) it is possible to examine the current situation 

in 	 the country. Inf ormation related to STWs in the NW and NE is 

prsented in Table 6. 

Table 6: Potential of STW Designated Areas - 1984 

Area Available Fresent STW Present Maximum Potential Area 
Recharge Pumping-./ Number Possible Irrigatable 
(MCM) (MCM) STWs No. STWs.i ('000 ha) 

Hiqhl/ Low2/ 
~----------------

NW 3798.7 1002.5 27088 102667 411(34%) 616(51%) 
NE 2.-' 0.2 662. 6 17905 6297 .2 (27%) 370(41%) 

Total 6129.9 1665.1 44993 165645 663 994 

I/ High water demanu crops (1000 mm/ha)
 
2/ Low water demand crops (5000 mm/ha) - 6 ha. command area
 
j/ 	Assumes discharge of 0.4 cusecs and 90 hours pumping. Excludes 

pumping of DTWs and HTWs. Number in parentheses indicates 
percentage of presently cultivated land. 

Similar information concerning l)TWs in the NW and NE is, 

presented in Table Y. 

Table 7: Potential of D.W Designated Areas - 1984 

Area Available Present DTW Present Maximum Potential Area 
Recharge Pumpi ng"/ No. DlWs . F'ssi bl e Irri gatabi e 
(MCM) (MCM) No. DTWsl/ ('000 ha) 

Hi gh1/ Low2/ 

NW 3201.8 559.0 3774 17307 M '') 42103% 
NE 2343.4 520.t) 3560 12667 151 (12%) 308 (24%) 

Total 5545. 2 1079.6 733"4 21974 431 729 

1/ Hich water (:emand crops (1000 mm/ha) 
2/ Low water demand crops (500 mm/ha) - 24.3 ha. command area 
3/ Assumes discharge o+ 1.5 cusecs and 1200 hous pumping. Excludes 

pumping of SIWs and HiWs. 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 o? STWs 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, 19B3), nor are the wells evenly distributed 

(Assaduzzaman, 1985). Table 8 details how poorly the types of 

wells installed matc:h with the designation of the particular 

areas. From this table it can be seen that there are 48,264 STWs 

in areas designated for DTWs and 6116 DTWs in areas designated 

for STWs. Obviously these designations are not ironclad, and 

most of the tubewel.s were installed prior to the studies that 

developed the designati on, yet the wide discrepancy between 

designation and type of installed tubewells joes far to explain 

why the groundwater irrigation system is not working as well as 

planned. Proper equipment installed in the correct areas is 

required to obtain maximum social return from the water resources 

of the country. 

II. Economic Costs 

It is difficult to determine exactly the costs of installing 

DTWs in STW designated areas and STWs in D1W designated areas but
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Table 8: Comparison of Types of Wells in SIW and DTW
 
Designated Area, 1"84
 

Designation Number Number Number Present Rate of 
of Area by of STWs of DTWs o-f HTWs Pumping: STW or 
Technoiogy DTW (iMCM) 1 / 

NW -- STWs 270i88 308 854'6 450.2 (DTW)
 

NE -TWs QY05 30'78 55518 458.9 (DIW) 

NW -- DTWs 34914 3774 88113 1291.2 (SW)
 

NE -" 13350 35,Ws0 87472 494.4 (STW) 

Total 93254 050 3165,9 294. 7 

./ Pumping by tubeweil type that not the designated one.
 

it is certain that it is a very large amount. If it is assumed,
 

for- eample, that all oF the DIWs that are installed in STWs 

designated areas are incorrectly located, it is possible to 

estimate the GOD subsidy that was provided unnecessarily. With 

6116 DTWs at an average price of approximately Tk 250,000 and a 

rate of subsidy varying from 40 to 90 percent, the total cost to 

the GOB 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 equipment in areas where other technologies, in this 

case unsubsidized STWs, could serve the same purpose more
 

economical l y. 

Some GO officials have expressed concern about areas of the
 

country where STWs 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 tubewells,
 

particularly DTWs, will simply e;.,ascerbate Lhe problem. 

It is interestinq to examine these areas, as the self 

regulating aspects o-, STWs have become obvious. Farmers have in 

some areas such an Tanore in Raishahi District modified their 

STWs to become DSSTWs. At the same time they have made a major 

shi.ift to wheat away from boro rice as they know that boro rice 

requires maximum water in late March and April, which is exactly 

when the groundwater level is the deepest and, therefore, most 

likely to be below ?.0 teet from the STW pump. Ii addition, 

farmers have come to realize that STWs are not the hi cjh paying 

investments they were a f:ew years agc. Consequently. S[W sales in 

the problem areas have fallen drastically. T'his is dramatically 

illustrated in the line chart in Figure S. Farmers ir the 

problem areas have become much more con1servativye an are (n iv 

buyinc SIWs if or when they are certain they will mahe a fair return oil 

their investient. 

Both as a corsequerce of the chanoed pumping practices and 

of better rain.all. oroundwater levels in the problem areas, that 

were low in 1992-i., came back up to normal level in 194. "his 

indicates that, at ieast to date, the aquier is not beiro mined. 

However, while c.roundwater investment patterns to date are 

hi:.story, future patterns are extremeiv important. Given the 

results of the aralvsiE presented in the previous section, it is 

difficuilt to understand how the 60B can be activelv ri\'ol'ved in­
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Fig. 8. Sales of STWs in Raishahi, Pabna, and Bogra Districts
 
1974-1984
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planning additional tubewell investments that are counter to the 

recommendations of all the groundwater modelling studies to date­

fTwo such projects,. the Thalkurgaon DTW Project funded by ADB and the 

IDA DTW-II Project are to install 960 and 11O0 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 maior groundwater studies. 

This kind of investment is not only economically difficult to 

justify but eventually will. lead to more sign i(ficant problems of. 

competit.on as STWs will. continue to be insta.l.led in these areas 

until restri cted by law or falling groundwater levels. 

111. Future Requirements 

Projections of future population and foodgrain requirements,
 

carried out as part1 of t-he long-range planning exercise by MPO,
 

have indicated that it is not possible to meet the future foodgrain
 

requirements of Bangladesh without drawing down watertable levels
 

throughout the country. This wil. result in some degree of
 

short-term mining of groundwater, but in the long-term as this
 

frees up storage space in the aquifer it is expected that this will
 

create additional groundwater recharge. 

The analysi.s carried out in the previous sections was
 

restricted to available recharge 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
 

http:competit.on
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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 Designat.ed Areas 
at. Potential Recharge Levels 

H ig,'J .:! 

Potential P s:.il.KIe STWs Possible STWs Potential Area 
Area Recharge with Ava il.ab.[e with Potential Irrigatable 

(MOM) Recharge' Recharge2 ('000 ha) 
. ... ...... .................................. .. ........... . . ............. ... ........----- ,
................ ........ ..... .. ...................... .. ... .... ......... ...........­...... .......... ............ ..... w 


NW :i-536 5. 02667 230716 '9)23(75%7 .384 (100%
NE 4849.6. 629 13.1070 524 (57Z) 7 06 ( 84.?,. 

Total 13386.1 165645 361.786 1447 217 

From Table 6. Column number 5 
2 Assumes that the water table is drawn down to the limits 

of STW.:, pumping lift 
. High water demand crops (1000 mm/ha) 
4 Low water demand crops (500 mm/ha) - 6 ha command area 
-' Actually exceeds 100% 

From this table it can be seen that, even when planting rice, using 

only STWs it is 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 requiring crops such as wheat, in the NW 100 percent of the 

presently cultivated land can be irrigated from groundwater and 

84 percent of the presently cultivated land can be irrigated in the 

NE. In practice, due to local variations in groundwater 

availability, it is not actually possible to irrigate 100 percent 

of the presently irrigated [and 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 instal. DSSTWs. 
This point is 

important as it means I::hat more expensive, i.mported DTWs are not 

required in these regionsr even to meet future pro.jected foodgrain 

requirements. of course, the presence in the area already of more 

than 6000 DTs which are presently pumping almost 1000 MCM of 

groundwater means that there must be a propor: ional reduction of
 

the number of ST~s. However, as these DTWs age and need
 

replacement. such as the BWDB Thakurgaon DTWs., they should not: be
 

rep]aced with 
 DTWs but 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 Planned
 

future developments, do not agree very closely with 
the suggested
 

criteria. There are a number of explanation for this situation 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 required and,
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conrsequently, they are more expensive to operate than STWs. Only 

massive subsidi.es by the GOB have made this situation possible. 

Economic tiheory argues tht .. if owners of DiW!s had to pay the true 

cost of instal.lin.g them. DTWs would be insta.l±ed if at. all. only 

in areas where they can provide wat.er atless cost. than the next. 

best alternative. GOB subsidies have drastically changed market 

conditions and. thus. have encouraged ineicient investment 

prac L.i.ce . 

As noted i.n the discussion on criter.a for location. DTWs that. 

are required in areas with a deep water t.able. excessive drawdown, 

sha.l.[ow saliine aquifers and/or extreme..y th:.ck cay .ayers are 

going to be bot.h more expensive to install and to operate. Yet., it 

is i.n tI-hese areas whe.e STWs and DSSTWs are not tecbni..lly feasible 

that DTWs provide he next. best a.lternat.ive source of water for 

irrigation. Given the desire of the GOB to make certain that 

economic activities in these less well endowed areas continue t.o 

grow, and keep abreast of the other regions, there may be a welfare 

argument f[or providi.ng subs.idized DTWs. This wili I be provided f'rom 

the point of regional equity rather than economics and has to be 

recognized as such. Such a case is in sharp contrast to the 

situation where the BOB 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 regional income disparities. 

Bangladesh 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 

Rajshahi, Pabna, and Bogra districts. Consultants of the IDA 

http:providi.ng
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DTW-II project have recommended to oan further STW development in
 

15 upazi.Las and to discourage development of STWs in an additional
 

four upazilas. This reco:ommendation was made, primarily, in order
 

to minimize en:roachment of STWs 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 posit.ion of moving away from government ownership. This
 

committment toward 'Privatization,' whi.Le significantly reducing 

the financial burden of subsidies on the GOB., also reduces the
 

ability to control pumping and, to some extent, location of 

installation.
 

Given that the trend toward privatization is likely to
 

continue and even accelerate, the GOB's ability to control 

groundwater development at the micro level is going to be 

significantly reduced. [f- 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 everyone 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 DSSTWs be zoned for STWs and, as
 

such, no DTWs would be installed. In those limited areas that,
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because of unique aquifer conditions, require DTWs, the GOB would 

have to decide .i.f it was jus...ti.fied to :i.nstal.. I)TWs. If this 

decision is made on an economic bas.is. then DTWs would not be 

subsidized. Only when the decision to instal.[ DTWs is based on an 

income transfer argument should subsidies for DTWs be considered.
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42 APPENDIX I
 

SERNO FLUCGWL KARIMNO UPPAZ ILLA DISTRICT 
1 2.17 1 TETULIA DINAJPUR 
2 2.r02 2 PANCtAGHAR 

3 2.41 .3 ATWARI 
4I 3.12 4 BEDA 
5 2.54 ' DEBIGANJ 
6 2. SU 5 ,TtAKURGAON 
7 2.1,' b: BAL[ADANGI 
0 2.09 21 ItARIPUR 

2.0 7 RAN.[SANKAIL 
I0 1.70 .4 PI RWANJ 
11 2.41 [B[RGANJ 
12 1.02 13 BOCIIAGANJ 
1:3 2.26 11 KAHOROLE 
14 1.37 46 KISHORGANJ RANGPUR 
15 2.10 30 DOMAR 
16 2.10 37 DIMLA 
17 2.06 40 JALDHAKA 
1 2. 65 4.1 NIL.PHIAMAR I 
19 4.67 15 KHANSAMA ,DINAJPUR 
20 1..66 45 SYED[UR RANGPURB 
21 2.30 4U KO[WALI 
22 2.0. 44 GANGAGttARA 
23 2.10 36 POTGRAM 
24 2.23 39 HATT[BANDI IA 
25 
26 

2.04 
2.09 

42 
19 

KALI[GANJ 
B[IROL DI[NAJPUR 

27 2.30 43 KOTWAL I RANGPUR 
2 1 -93 12 Ct IRIBANDHA DI[ NAJ PUR 
29 2.00 16 PARBATIPLuR 
30 BIIURUNGAM RANGPUB 
31 2.07 25 NAGEWAR 
32 1.46 48 PHULBAR]: 
33 3.19 26 KUR:[GRAM 
35 1.92 50 LALMANI RHA" 
37 1.24 17 FULBARI DINAJPUR 
3. 3.50 20 NABALGANJ 
40 3.21 18 HAKIMPUR 
41 1.80 22 GHORAGIIAT 
42 1.06 32 PIRGANJ RANGPUR 
43 2.43 31 MITHAPUKUR 
44 1.60 33 PALASHBARI 
45 2.30 34 SADULAPUR 
46 2.19 20 GAIBANDHA 
47 2.43 31 MITHAPUKUR 
40 2.09 49 BADARGANJ 
49 1.90 23 PIRGACttA 
50 2.03 447 KANNIA 
51 1.66 45 SYEDPUR 
52 1.80 24 SANDARGANJ 
53 1.26 35 CHILMARI 
54 2.02 27 ULIPUR 
55 2.19 28 GAIBANDIIA 
56 FULCHARI 
57 2.46 29 SHAGATHA 
59 2.54 60- SHARIAKANDI BOGRA 
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60 3.72 80 KAZIPUR PABNA 
61 2.95 75 S [RAGANJ 
62 4.C0 70 BELKUCIII 
63 3.40 74 SHAHJAPUR 
64 1.00 5: GABTAL BOGRA 

65 2.54 60 SHAU[AKAN[E 
66 1.72 59 DIIUNAT 

68 
372 
2.90 

0 
56 

.KAM PIJI 
M~ERum 

PABNA 

9 2 .0 57 BOGRA 
70 3-00 76;- ROY.ANJ 
71 2.95 75 S:IRAJGANJ 
72 1.80 30 GOB INDAGANJ RANGPUR 
73 2.07 61 PANC IB1. BOGRA 
75 2.05 6:2 KHLKI[I[AL 

76 2.15 53. St IIGANJ 
77 1i-00 50 GABTAL.[ 
70 2.70) 57 BOGRA 
79 1.66:: 52 DUPCH;IACHIA 
80 1/.50 54 KAKALUI 
02 1.50 55 NANDI:GRAI'M 
83! 2.05 85 S.INGRA RAJSHAtt1 
84 
85 

3.80 
1.40 

77 
63 

TARASHt 
,JOYPUAT 

PABNA 
BOGRA 

86 2.0/ 6.1 F:ANCHB IBI[ 
87 
80 

.2.85i 
1.50 

62 
I4 

'KHETIAK
AIKELPUR 

89 .1.50 51 ADAMD.[G.I[ 
90 
91] 

1.50 
.0.80 

103 
.1.01 

RAN:[NAGAR
A I RAJStIAHI 

92 1.60 94 BAGMARA 
93 2.22 92 DURGAPUR 
94 PUTIIA 
95 2.00 B2 NATONE 
96 
98 

2.85 
2.20 

85 SINGRA 
BAGAT kiIPARA 

99 AM 77 I|IARASH PABNA 
100 2.37 65 CATMOIAR 
102 1.80 101 ATRAI RAJSHAHI 
103 2.90 7 ULLAPARA PABNA 
104 IAtJAPUR 
105 4.00 7 BELKUCHI 
106 3.00 79 KAMARKANDA 
107 2.00 99 BHOLAtHAT RAJSHAHI 
108 5.90 98 GOMASAPLR 
109 4.56 97 NACHOL[ 

110 1.70 95 NABABGANJ 
111 1.90 96 SHlBGANJ 
112 :50 91 GODAGORI 
113 1.0 89 TANOR 
115 3.50 106 DAMURIlAT 
116 PORSIIA 
11 3.10 107 PATN:ITOLA 
110 1.80 105 MOHADAPUR 
119 2.8c2 100 BADALGACHI 
120 2.20 104 NIAMATPUR 
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121 1-20 102 MANDA 
122 1.20 100 NOOGAO: 
124 1.40 63 JOYPURIA F BOGRA 
125 1.00 89 TANORE RAJSIIAHI 
126 2.60 8, PABA 
127 1.88 105 MOtIORIP-U P, 
.1.20 1 .6 94 BAGMARA 
129[ 2.22 92 DURGAPUk 
132 1.09 93 CttARGIHA F 
133 2.20 83 BAGA I PARA 
134 3.94 07 LALPUR 
135 1.80 84 BARAIGRAM 
136 2.12 67 ISItURDI PABNA 
137 .1-87 66 ATGHARIA 
130 2.12 6:0 PABNA 
1.9 2.60 72 FARIDPIUR. 
140 3.29 71 SATII A 
142 4.10 69 SUJANAGAR 
143 5.56 70 BERA 
144 2.37 65 CttATMOKAR 
145 .. 65 302 DEWANGANJ JAWALPUR 
I4D JIIENAIGA rI: 
147 2.60 309 NALTBARI 
140 2.07 210 HlALUGHAT MYMENSINGH 
1.50 2.22 92 DURGAPUR 
151 .2.50 3.12 PURBAHALA NETROKONA 
.152 ROUMAR]I RANGPUR 
153 
:1.50'. 

CHARIJ [B PUR 
FULCHtARI 

155 1.83 303 :ISLAMPUR JAMALPUR 
.156 2.00 304 MARLANI)A 
157 2.97 205 MUKTIAGACHA MYMENSINGH 
158 1.82 209 TRESHAL 
159 1.27 213 ISWANGANJ 
1.60 ROUMARI 
161 CHARIJIBPUR 
162 FULCHARI. 
163 1.65 302 D:WANGANJ JAMAL 
164 2.58 300 SRIBUNDI 
165 JHINAIGATI 
1'6 2.60 309 NALITABARI 
167 2.10 307 SHERPUR 
160 2.00 304 MALADA 
169 2.65 310 NAKLA 
170 2.60 309 NALITABARI 
171 2.20 211 PULPUR MYMENSINGH 
172 2. 07 210 IALIHALUGHAT 
173 2.5 312 PURBADHALA NETRAKONA 
1.74 2.54 313 NETRAKONA 
175 2.2.1 314 KENDUA 
176 2.35 310 ATPARA 
177 3.50 224 TARAIL 
170 2.50 320 KAMALKANDA 
17? 2.00 319 BARHALTA 
180 2.35 310 ATPARA 
101 2.00 315 MADAN NETROKONA 
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182 2.54 317 MOHANGANJ 
183 2.12 3.16 K(it.L[PU R.[KHILIPIJR' 
185 5.66 240 TAI-t1 RPUR SYLHET 
lot.-. JAMALGANJ 
1.7 DARAMPASSA 
188 2.30 240 DERAI 
.1. . SALLA 
.1'0 2.12 016 KA IJUlIL 
1.91 2.00 5: MADAII 
192 SALLA 
.193 1.30 24.1 JAGANNA fHUR 
194 1 -89 223 (AR IMGANJ KI SHOREGANJ 
19;5 3.5 224 [ARA1L 
196 
19, 

1.89 
.. 

225 
22.1 

I.INA 
N.-L 

190 2.45 226 ASTRAGRAM 
].99
200 

2.50 
2.00 

221 
219 

BAJI:TPi:R 
Kj[.ACtARA 

20.1. 
20. 

5.50 
2.00 

224 
102 

[ARAIL
RA[PURA DHAKA 

20. ..5. 2L ADJMI RAGANJ SYLIE 

.L. 22.34 13AN.1 ACI tANG 
205 ttuB.IGANJ 

206 .52 23(, MADHAPLjR 
20;' BRAHAMBARIA COMILLA 
200 1.19 261 SARAIL 
209 AKItAURA 
210 0.92 260 NASINAGAR 
211 1 . 3 214 NANDAIL MYMENSINGH 
212 1.70 216 -!OSSAINIPLI 
21.3 1 09 22:.; KARMGAHJ 
214 2.62 222 KIStlARGANJ 
215 2.50 217 PAKlUNDI:A 
216 2.24 218 KATIADI 
217 2.00 219 KULIARCI(AR 
2.18 3.50 224 TARA EL KISHOREGANJ 
219 2. 00 1[2 IAI PURA DHAKA 
220 3 103 NARSINGDI 
221 2.17 18-6 ARAIHAZAR 
225 4.55 1:01 SHIBP.JR 
227 3.35 171 KAPASIA 
2202 2.12 207 BHALUKA MYMENSINGH 
229 2.30 200 GARFARGAON 
230 2.04 169 SREE"UR DIIAKA 
231 4U2 170 KALIAKOINR 
2:32 3.35 171 KAPASIA 
233 2.76 172 KAL I GANJ 
235 3.90 160 JOYDEPUR 

236. SI IAKI 11 PI. EANGAIL 
237 2.00 .199J GIIATAII 
230 1.6.5 203 MIRZAPULR 
239 3.47 167 DtlAMRAI DHAKA 
240 4.18 166 SAVAR 
241 1.50 ill MIRPUR 
242 2.62 165 KERIGANJ 
243 2.64 179 SINGAIR 
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244 2.02 301 JAMALPLJR JAMALPJR
245 2.00 304 MALANDA 
2,1o 1.50 6 SA I I AB ARI 
24 7 l:0 196 MO)DlUII P1R TANGAlL 

24 ' ;2.00 19' GI lATA.IL 

.1. ,- C' KAL-II A. 

2475,).7 
25.1. .1.6.,5 

1 
203 

DHAHRA. 
MI kZ APII. 

I.IA(A 
TANGAl L 

256 .1/1:) 202 NAGARI'Uk 
257 2. 46. 20.[ BASAI L 
25 3. 40 176. SAU.RI.[A DIHAKA 
259 2.92 1.77 MANTI lGANJ 
,I U:*jLCIHAR IA RANG PUf 
2 1. 3 - 1".);]SLAM UR JAMAL PUR 

2,2 1 . 7 3015 MA'AI'.IGANJ 
2(,. 1 50 

2 6 42. 0 3 "t 
sA I*'i1,;I 
MA I LND 

AA kLR.FU 

2- ] 3 .'1i BttUAP[UiR ~ TAI'TA :rL 
2,'.',:,.00 
267:..dO202 

...'(]1 
B II'CtJAF
I'A Nl .I. 

A kf..UR 

2.-02 J AMAL-IJ I JAMALUR 
2.1.0 
270 2.9? 

.1. 
205 

MA.1IOPUN 
ML~iK['AACIIA 

T'ANGA:[L 
MYMENSINGH 

7 .. 1 [0P I UI....BA[I A 

274 .27 1 ISWANGANJ 
27')
2 Z(. 

1.1 
1 .7 Z 

2[
2 15 

A A:iT:L
G( KJ WITU N 

27"" 2.59 212 KTA: 

27 2.30 20:': GA RFARGAON 
279 NAB 'GANJ SYLHET 
2::0 1 . ::7 23: BAt-IUBAL 
201 I1(B IGANJ 
202 1.52 237 CIIANARIG[IAT 
203 2.17 229 SRIMANGAL. 
204 1.60 230 KAMALGANJ 
2Ci:5 1.71 231 KULA URA 
2:6 1.64 232 BARALOKHE 
207 3..05 173 DI.HULATPUR DHAKA 
21:!: 3.03 174 GHIOR 
2:C9 SHIVALAYA 
291 2.90 17: HARIANPLR 
292 2.64 179 SINGAIR 
2'93 2.'-::D 14 NAWABGANJ 
295 2. 23 1_: FATULLA 
29. 2.27 163 DOHAR 
2')7 2.23 1.91 SRINAGAR 
29L 2.02 190 SRIAJDII<AR 
299 
300 

1.90 
1.92 

193 
194 

TONG]IBARI 
MUN ISHGANJ 
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DATA FROM GROUNDWATER INVESTIGATION CIRCLE AFTER KARIM 1984 

HEADER DATA FOR: B:KARIMFOR LABEL: BANGLADESH GRD WATER DATA FROM KARIM E 
NUMBER OF CASES: 277 NUMBER OF VARIABLES: 15 

SERNO KARI MNO WATBAS IN VOTAREA CULTAREA NO-DTWS NO-STWS 
1 1 1 1 c1") 11984 0 20 
2 2 2.1 26670 14372 14 49 

4 
3 

4 
3 

4 
1 
1 

2096) 
42980 

15182 
31170 

29 
20 

26 
65 

5 
6 

5 
6 

Y 
5 

1 
1 

3084() 
64510 

22713 
34939 

23 
190 

179 
25:3. 

7 7 6 1 28730 20972 56 55 
0 8 21 1 19950 15263 30 86 
9 9 7 1 28490 21741 76 141 

10C) 10 :I.4 1 39380 29555 8 274 
11 11 8 1 40670 29150 71 31Q; 
12 12 13 1 35730 17004 55 297 
13 13 1 1. 1 20720 :1.48:I 59 167 
14 14 46 2 265)) 19352 16 225 
15 15 380 2 25090 8623 41 229 
16 
17 

16 
17 

7 
40 

.2 
2 

'32860 
32.570 

2307*/ 
2291 

5 
27 

10:3 
89 

18 18 41 2 35080 25749 49 :314 
19 19 15 2 17850 14372 2 50 
2) 20 45 2 6090 4453 21 66 
21 21 43 2 1880 23087 lit 52:735 
22 22 44 2 2120( 15506 52 256, 
23 23 36 2 59 20648 46 125 
24 24 39 2 2770) 21134 33 62 
25 25 42 2 4 ",220 :2341*8 27 200 
26 26 19 3 35730 20243 64 595 
27 27 43 3 360:)20 29959 88 809 
28 28 12 ., , 1 2 25061 73 401 
29 29 16 3 4."60 33190 92 460 
3:0 30 MISSING 4 23643 17814 27 35.35 
1 31 25 4 41190 31376 65 335 

.232 48 4 16116 11741 18 83 
26 4 27110 20648 26 187 

34 35 &-) 4 :33990 27854 46 125 
35 37 i 5 31850 23806 31 301 
36 38 20 5 39380 27935 66 2041. 
37 4() 18 5 20190 15425 39 187 
-8 4.1 5 14770 10162 37 165 
39 42 32 5 41110 29V59 138 367 
40 43 3.1 5 26300 17409 8 246 
41 44 33 5 191 00 14575 83 618 
42 45 34 5 2:3300 16923. 81 798 
43 46 28 5 16050 11741 48 484 
44 47 31 6 25300 174 09 80 245 
45 48 49 6 42980 31579 80 214 
46 49 23 6 25490 2.0040 i 625 
47 50 47 6 14810 9190 58 163 
48 51 45 6 6090 4453 21 66 
49 52 24 6 4180) 29393 73 431 
5c) 5.3 35 6 28170 1938 20 130 
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51 54 27 6 54670 40081 62 302 
52 55 28 6 16450 11741 48 484 
53 56 MISSING 6 31420 22794 29 175 
54 
55 

57 
59 

29 
60 

6 
6 

22060 
23430 

17409 
12146 

51 
20 

1139 
480 

56 60 80 6 18530 15182 83 49 
57 61 75 6 16830 12955 102 90 
58 62 78 6 8160 6883 0 295 
59 63 74 6 16000 12955 13 771 
6o 64 58 7 17720 14980 38 800 
61 65 60 7 23430 12146 20 480C 
62 66 59 7 24830 19150 23 2561 
63 67 80 7 18530 15182 83 49 
64 68 56 7 29670 23482 73 1051 
65 69 57 7 20380 15789 48 1038 
66 70 76 7 26670 24696 201 511 
67 71 75 7 16830 12955 102 90 
68 72 30 8 46060 34737 151 1207 
69 73 61 8 14120 1 1.741 53 207 
70 75 62 8 1541.0 11336 43 139 
71 76 53 8 31520 26316 260 982 
72 77 58 8 17720 14980 38 80C 
73 78 57 8 20380 15789 48 1038 
74 79 52 8 16260 13765 127 814 
75 8C 54 8 24160 21053 202 556 
76 82 55 8 26870 19433 118 1156 
77 83 85 8 26230 18219 13 1601 
78 114 77 8 15010 13150 0 47CC 
79 85 63 9 238I0 19838 112 616 
8 86 61 9 14120 11741 53 207 
81 87 62 9 15440 11336 43 139 
82 88 64 9 14240 11336 79 732 
83 89 51 9 16830 12753 106 1262 
84 90 103 9 24610 20850 60 1582 
85 91 101 9 26060 12146 0 765 
86 92 94 1 18300 12551 35 487 
87 93 92 10 9980 7692 14 163 
88 94 MISSING 10 19433 8097 40 289 
89 95 82 10 q0470 29879 87 891 
90 96 85 10 26230 18219 13 1601 
91 98 83 10 7000 6478 14 57 
92 99 77 to 15010 12955 0 470 
93 100 65 10 18560 14980 9 456 
94 102 101 1C 26060 10526 0 756 
95 103 73 11 41440 36842 302 1104 
96 10C4 74 11 31G50 25506 25 1542 
97 105 78 11 8160 6803 0 295 
98 106 79 11 9350 8097 9 174 
99 107 99 12 12950 10081 0 90 

100 10 98 12 31050 20972 0 427 
101 109 97 12 27960 22672 0 162 
102 110 95 12 48160 26316 0 348 
103 111 96 12 52570 36842 17 484 
104 112 91 12 44800 31174 17 549 
105 113 89 12 14970 12146 33 439 
106 115 106 13 29780 21255 10 706 
107 116 MISSING 13 50530 35223 1 348 
108 117 107 13 38820 29352 2 757 
109 118 105 13 39380 33603 18 1155 
110 119 108 13 21490 18866 59 577 
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I1. 120 104 1 44800 35626 8 865 
112 121 102 13 41200 32389 45 861 
113 122 100 1 27440 21457 58 1530 
114 124 63 1 23840 20243 140 710 
115 125 89 I 1.497C 12146 33. 439 
1.16 126 88 13 26140 8907 65 424 
117 127 105 13 16310 6075. 35 313 

118 128 94 13 18:300 12551 35 487 
119 129 92 13 9980 7692 14 163 
120 132 93 14 70. '27449 19 113 
121 13 83 14 7000 647E 14 67 
122 1 87 14 32980 27328 52 85 
123 135 84 14 15340 10526 49 625 
124 136 67 14 26 1 5C. 22267 84 178 
125 1 66 14 1065i 14980 59 550 
126 1.8 68 14 37550 28138 141 602 
127 
128 

139 
140 

72
71 

14
14 

21490
140 

14777
26518 

5
35 

616
84. 

129 142 69 14 .4960 27571 20 224 
130
131 

143
144 

7C
65 

14
14 

26670 
1856C) 

16356
14980 

4
9 

99
456 

132 145 302 15 21 30 17045 9 115 
133 146 MISSI NG 15 12440 8907f'.3 20 
1.3 1.4 309 15 26720 19231 45 185 
1.5 148 210 15 21:37. 16599 54 373 
1. '50 92 15 42980 25547 0 590 
1 / 151 312 15 17360 8502 :37 218 
1.
1.9 

152 MISS I:NG 
MISSING 

16 
16 

9890 
1:1.350 

8502 
5294 

0 
) 

122 
0 

140 154 MISSING 16 15'10 1133 15 88 
141 155 303 16 18190 15:3E5 21 508 
142 156 304 16 12 180 10526 50 753 
143 :157 205 16 1510 10729 140 42 
144 158 209 16 12650 10526 70 19 
145 159 213 16 1-20 10931 24 34 
111.6 16C) MISSING 17 9890 502 C) 122 
147 161 MISSING 17 11350 5294 C) 
148 162 MISSING 17 15710 1134 15 88 
149 163. 302 17 21330 1704S 9 115 
15(.) 164 308 17 :31360 20243 64 283 
151 165 MISSING 17 12'440 8907 14 20 
152 166 30.9 17 26720 19251 45 185 
153 167 307 17 3573C) 28745 109 79. 
154 168 304 17 12190 10o526 50 75 
155 169 310 17 1736) 13968 102 273 
156 17) 309 17 26720 19231 45 105 
157 171 211 18 665.0 54656 164 1135 
158 172 210 18 21:370 16599 54 7 
159 173 312 :1.8 17360 8502 37 218 
160 
161 

174 
175 

13 
314 

18 
18 

31320 
C)420 

17895 
24656 

7()
71 

516 
202 

162 176 318 18 9640 4858 12 32 
163 177 224 i8 7120 498) 1 82 
164 178 7.20 19 38320 18947 0 618 
165 179 .19 19 22C1)1): 13198 :0 236 
166 1) 318 19 9640 4858 12 32 
167 181 315 19 117)() 830.) 5 43 
168 182 317 19 29840 16599 0 12 
169 183 :316 19 1444:) 11984 C 2 
170 185 248 19 36790 23279 C) 7 
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171 186 MISSING 19 50780 11741 0 C 
172 187 MISSING 19 36270 26721 0 9 
173 188 240 19 41680 26518 0 0 
174 189 MISSING 19 12960 6478 C 
175 190 316 20 14440 11984 0 2 
176 191 315 20 11470 8300 5 43 
177 192 MISSING 20 12960 6478 0 
178 
179 

19:3 
194 

241 
223 

20 
20 

18270 
9980 

11781 
7692 

0 
22 

0 
95 

180 195 224 20 14240 9838 21 16. 
181 196 225 20 57540 34372 0 18 
182 197 221 20 30310 18542 3 244 
183 198 226 20 30020 2028:3 0 50 
184 199 227 20 18890 13765 55 236 
185 200 219 20 10360 6478 60 354 
186 201 224 20 12180 7287 11 173 
187 202 182 20 19040 10162 25 499 
188 203 233 20 21490 9636 C 2 
189 
190 

20:4 
205 

234 
MISSING 

20 
20 

49490 
12310 

3000C) 
7287 

1 
1 

191 206 236 20 27960 17895 52 159 
192 207 MISSING 20 4844o.. 34818 143 398 
193 
194 

208 
209 

261 
MISSING 

20 
20 

245,0 
MISSING 

20648 
24696 

64 
0 

14.) 
22 

195 210 260 20 37350 26721 9 21 
196 211 214 21 163tO 13158 37 64 
197 212 216 21 11900 9312 52 
198 213 223 21 9980 7692 22 95 
199 214 222 21 17890 13522 67 29 
200 215 217 21 17890 11781 48 38 
201 216 218 21 22250 1I534 57 195 
202 217 219 21 5180 6883 30 172 
703 
204 

218 
219 

224 
182 

21 
21 

7120 
38080 

19B0 
20243 

10 
24 

82 
499 

205 220 183 21 21210 14368 121 358 
206 221 186 21 18370 11611 o 226 
207 225 181 21 22540 17625 118 423 
208 227 171 .>' 21 18010 13283 0 104 
209 228 207 22 22130 14980 28 38 
210 229 208 22 19950 16194 104 105 
211 230 169 22 46380 26566 230 22 
212 231 170 22 30110 15866 227 177 
213 232 171 22 18010 13283 0 104 
214 233 172 22 28440 22604 94 26 
215 235 168 22 36010 25289 219 8 
216 236 MISSIps 22 MISSING MISSING 150 154 
217 237 199 22 22520 15170 90 736 
218 238 203 22 18630 15267 95 340 
219 239 167 22 15160 14271 125 401 
220 240 166 22 34440 26328 271 115 
221 241 111 22 32370 18547 1 120 
222 242 165 22 10370 13738 0 231 
223 243 179 22 11390 7827 0 176 
224 244 301 23 23960 19028 129 703 
225 245 304 23 12180 10526 50 754 
226 246 306 23 13980 10931 35 301 
227 247 196 23 23960 13846 126 556 
228 240 199 23 22520 15170 90 736 
229 249 197 23 25130 21281 165 1297 
230 250 198 23 9590 14694 15 195 
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231 251 200 23 48440 2813r8 91 1217 
232 252 201 23 20770 16619 89 181 
233 253 167 2- 15160 14271 125 401 
234 254 203 23 18630 15267 95 340 
235 256 202 23 14840 14038 7 50 
236 257 204 23 42730 15471 94 991 
237 258 176 23 16070 12265 22 357 
238 259 177 23 19670 13198 46 255 
239 260 MISSING 24 15710 MISSING 15 88 
240 261 303 24 18490 15385 21 508 
241 262 305 24 23300 18421 0 904 
242 263 306 24 13470 10931 35 301 
243 264 304 24 12180 10526 50 753 
244 265 198 24 9590 14694 15 195 
245 266 201 24 20770 16619 89 181 
246 267 202 24 14840 14038 7 50 
247 268 301 25 23910 19028 123 703 
248 2b9 196 25 23960 13846 126 556 
249 270 205 25 15660 10729 140 42 
250 271 206 25 42200 33198 279 118 
251 272 209 25 12560 10526 70 19 
252 273 207 25 22130 14980 28 :38 
253 274 213 25 13920 10931 24 34 
252I.75 214 25 16310 13158 37 64 
255 276 215 25 25000 20972 37 82 
256 277 212 25 27840 29838 47 68 
257 278 208 25 19950 16194 104 55 
258 279 MISSING 26 41460 7085 1 8 
259 280 238 26 23070 10688 0 1 
260 281 MISSING 26 24620 7287 1 3 
261 282 237 26 49740 26721 5 19 
262 283 229 26 40390 22267 6 4 
263 284 230 26 L18680 22300 5 8 
264 
265 

285 
286 

231 
232 

26 
26 

67870 
22430 

27854 
10121 

6 
0 

5 
0 

266 287 173 27 21770 15535 0 382 
267 288 174 27 14490 11419 1 200 
268 289 MISSING 27 19950 9577 0 134 
269 291 178 27 24320 15023 0 185 
270 292 179 27 10870 7827 0 176 
271 293 164 27 28250 18421 0 259 
272 295 188 27 8010 6559 1 3 
273 296 163 27 9340 7745 5 63 
274 297 191 27 20190 15605 0 30 
275 298 190 27 18130 13387 0 16 
276 299 193 27 11900 7692 0 7 
277 300 194 27 20700 14413 0 1 



52
 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1.0 
1:1. 
12 
13 
14 
15 

NO--HTWS 
700 
500 
700 

1:-50 
1350 
2100 

50 
400 
900 

1300 
1500 
1.. 
1300 
1550 
1200 

DEFTHGWL 
4. 15 
4. 10 
3.38 
4.03 
3,41 
3.42 

.73 
4.34 
2. 72 
3.24 
3.41 
3.8 
2. 72 
4.7: 
368 

MAX-OWL 
6.20 
5. 50 
8.50 
5.05 
4. 3:3 
4.24 
4.32 
5. 15 
4.28 
4.09 
1.63 
4.14 
4.42 
';.59 

3.68 

MAX-FLUC 
5. 10 
4.50 
4.50 
5. 10 
4. 10 
4.20 
40,, 
3.35 
2. 96 
3.24 
3.85 
3.93 
3'.94 
2.79 
3.42 

FLUC-GWL 
2.17 
2.82 
2.41 
3.12 
2.5 
2.38 
2.14 
2.09 
.1 

1.70 
2.41 
1 .82 
2. 26 
1.37 
2. 10 

SP-YIELD 
14.000 
14. 000 
12.000 
14.000 
12.000 
10. 000 
14.000 
12.000 
1'. 000 
12. 000 
12.000 
12. 000 
15. 000 
8.000 

15. 000 

ACTULREC 
.714 
.63(; 
.54C 
.711 
.49.' 
.42( 
.602 
.402. 
.4-1 
.389 
.4 :,*.! 

472 
.591 
.220': 
. 5 1 

16 
17 
18 

90 
2:.0 
1700 

3. 66 
3. 66 
4.66 

3 66 
3.67 
4 66 

3 .31 
. 15 

3.93 

2.18 
2. 06 
2.65 

15.000 
10 .000 
10.0-0 

.497 

. 1 5 

.:,:: 
1 
20 

1.00 
500 

4.51 
4.86 

5. 01 
3. 61 

5-.00 
3, 66 

4.67 
1.66 

10.)0)00
8.000 

. 50( 

.29::': 
21 2200 4.77 4.87 3.86 2.38 10C.000 .38 
22 
23 

1750 
150)0 

4.48 
. 56 

:.81 

4.48 
3 ' .6 

..00.. 

3.30 
3.46: 

.44 

2.03 
2."'18 

2.232: 

12. 000 
15.o00"0 

15. 000 

..96 

.51: ,) 

.516 
25 
26 
27 

21.00 
1700 
1850 

4 . 2 
".48 

.. .58 

4. 12 
4.60 
4.87 

3.05 
4.17 
3.42 

2.04 
2.89 
2.39 

10. 000 
8.000 

10.000 

.3()'. 

.1. 

.342 
20 

29 
;0 

Woo 
2100 
300 

. 

3 .56 
MII NS IN! 

5. 06 
I'11:I NG 

. 

4.03 
MI SSt NG I 

1. 
2. 00 

N 

9. 000 
7. 000 

MSIMT..IS SI NG 

.3012 

."282! 

MISS I'4G 
31 

....32. 
17)0
1 ')(:)100 

4!.89
H i:].:o I NOMI S N.23 

4.89 
4. 2:" 

:3.!;.63
i:'", ',r.-M ..ISSI,1G 

2. 07
41. 46 

20.000
i:: si CM I::SS ING 

.726
MISiNM I!SS, I N C 

3 
34 

145) 
1500 

6 12 
3.89 

6.12 
4.25 

4.27 
3.24 

2.19 
1.92 

20.00 
20. 000 

.854 

.64.: 
35 

37 

1300 
1700 
Boo 

2.84 
4.99 
2.99 

4.63 
5.25 
5..01 

4. 15 
1.,, 47 
4.80. 

1.24 
3.50 

21 

7. 000 
8.000 
8. 000 

.29.1. 

.118 

. 384 
8 1.00 3. 1.3 7.01 5..18 1.80 8.000 .414 

39 
40 
41 
42 
43 

1600 
85s 

1750 
1950 
1150 

5.47 
4.65 
7.40 
5.48 
4.82 

5.47 
4.65 
7.40 
5.40 
4.82 

3.33 
1. 

3.94 
3.60 
4.07 

1.86 
2.43 
1.6:) 
2.30 
2.19 

15. 000 
8.000 

15. 000 
20.000 
20.000 

.500 

.3 1::r 

.591 

.720 

.811 
4q 800 4,65 4.65 91. 2.43 8.000 .31:"!: 
45 
46 
47 
48 

1450 
1800 
1200 
500 

5.04 
5.03 
4.24 
4.86 

5. 04 
5.03 
4.24 
4.86 

318 
4. 10 
3.40 
3.66 

2. (:)9 
1.90 
2. 03 
1.66 

8. 000 
18.000 
20.0000 
8.000 

.­ ,0 

.73E. 

.680' 

.293 
49 
5) 
51 
52 
53 
54 
55 
56 
57 

:) 
2600 
1300 
3000 
1100 
900 

2000 
850 
900 

1000 

4.87 
4.98 
4.09 
4.82 

MISS I NG 
5.54 
5.96 
5.80 
6.10 

4.87 
4.98 
4. 16 
4.82 

MI SS I ING 
5.54 
5.96 
6.2) 
6.10 

3.28 
.22 
.45 
4.07 

MI SS ING 
4.50C) 
3.72 
4.93 
4.30 

1 .80 

1.26 
2. ')2 
2. 19 

MISS I NG 
2.46 
2.54 
3.72 
2.95 

20.00 
20.0 
2:.00 
20.000 

MISS I NG 
20.000 
20. 000 
10. 000 
9.000 

. 

.64,C 

.69( 

.81.1 
MISSI NC:; 

.900 

.74,1 

. 493 

.387 
58 900 6.20 6.90 5.60 4.00 12. 00'0:)0 .672
59 1300 6.80 6.85 6.00 ". 48 10. 000 .600

60 900 4.81 5.62 4.15 
 1.00 15.000 .623 



61 850 5.96 .9... 72 2.54 20.000 741 
62 1600 7.84 7.84 5.90 3. 72 12.000 .70 
63 900 5 .80 6.: 4.93 3. 72 10. 000 . 49:: 
64 500 7.54 7.54 6.00 '2.98 10 . 000 .. 60) 
65 1400 7.- 7. 7 4. 70 2.70 14.000C'O-') . 
66 1500 5. .(1) 5.63 5.40 3.0() 10.000 .54(. 
67 1000 6. 10 6.10 4 .30 .95 9. 00) .'3, 
68 2700 5.55 5.5 3.46 1 80 15.000 .511? 
69 650 4. 86 4.86 4.36 2.07 9.000 .39'2 
70 520 8.28 .20 4.93 2.3 9. 000 .4015 
71 1950 6 .09 6. 09 4. 2 .15 9. 000 .42 
72 900C 4.01 5.62 41,15 1.00 15.000 .62 
73 1400 7.27 7.27 4.70 2. 70 14.000 .65.'65 

74 B0 4. '5 6. 5 . 18 1.66 8. 000 .414 
75 950 7.75 7.75 4.08 1.5) 9. 000 .367 
76 :1.300 7.77 7.77 5.50 1.50 10.000 . 550 
77 1300 5..89 5.9 95 .. 85 7. -00 . 41.( 
78 450 5.70 7. 00 5. 10 3.80 8. 000 .4' u 
79 2400 4. 49 6. 00 5. 40 1.40 8.0()0 AT" 

:6504.86 4.836 4.:6 2. 07 9000 .39. 
81 520 8.28 8.28 .4..3 2.,.00. .40", 
82 1100 3.86 4.5) 3,00 1.50 6. 000 .18C, 
83 70(:)0 7.17 7. 17 6. 13 1.50 . 7.00) .4. 
84 2400 8.70 8.70 9. 00 1 . 50 5. .40(-' 
85 
86 

950 
1100 

6.)2
5...1 

6.20 
5.53 

5.00 
:76 

1.80
1 .60 

5.001
7 .000 

.25(
2W: 

87 600 3.29 5. :1.4 6.00 2.22 6.00 
88 MISSING IiSSI'G MISSING MISS'ING MISSIING MISSING MISSIN[; 
89 -00 6 16 7. 76 6.00 2.)00 6.000 ,.36C 
90 1300 5.81 5.89.8.95 5.85 2.85 7.000.00 41 

91 820 5.89 5.89 5.30 '.2' 6.000 .1I6 
92 450 5.70 7.0(0- -...... 

5.0 3.80 , . ." 
8.000 .400 

93 650 5.70 6.00 4.90 2.37 9.000 .441. 
94 950 6.02 6.20 5.00 1.I0 5. 000 .250 
95 2300 6.60 7.00 5.30 2.90 10.000 .530..­
96 2550 6. 80 6.85 6.00 48 10. 000 .60) 
97 1750 6.2:) 6.90 5.6) 4.00 12.00) .672 
98 850 6. 00 6.00 4.72 3. 00 12.000 .566 
99 72) 10.06 10.86 5.50 . C)( . .. . "070.0 

1.0 1100 19. 50 10.23 11.80 5.90 3.000 .354 

101 600 12.86 12.86 8.20 4.56 3:.000 .246 
1()2 1000 11 .69 11.69 5i. 01 1.7) 5. 000 . 254e 
103 2700 4.93 5. 11 5.72 1.90 5. 000 . 
1(14 12(0) 7. 0:1 7 .15 6.78 3. 50 5. 000 
105 1150 9.19 9.19 4.76 1.80 5.000 .23' 
106 950 4.90 8.84 6. 14 3.50 5.000 .307"­
107 M ISS I NG MISS ING M os I ', MI SS I NG Il1SSI NG I .. lISS'NC 
108 850 7.23 7.23 5.5 3.10 5.000 27 
109. 71 000 7. 00 3.23 1.88 5.000 . 
110 1250 6.48 6.48 6.20 2.82 5.000 .31() 
11:1 1800 7.04 7. 04 6.60 2.20 5.010 a1 
112 2550 4.20 4.24 3. 94 1.28 5. 000 197 
11:3 2650() 8.5) 8.5() 6.2) 1.20 5. 000 .31' 
11.4 2400 4.49 6.00 5.40 1.4) 8. 0 .432 
115 1150 9.19 9.19 4.76 1.80 5. 000 .23[! 
116 1650 4.84 6.52 5.70 2.60 6.00')0) .3,' 
11;' 1100 5.86 7.00 5.62 1.88 5.000 .28' 
118 11'0 5.21 5.53 3.76 1.61 7.000 .26. 
119 600 3.29 5.14 6.00 2.22 6.000 .360 
120 2000 2.46 6.14 5.18 1.89 8.000 .41 
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121 85) 5.89 5.89 5.50 2.20 6.000 .33C) 

122 1650 6.48 7.08 6.32 3.94 7.000 .442 
123 1500 5. 1 5.56 4.50 1.80 6. 000 .270 
124 1350:) 6.10 6.40 5.08 2.12 8.000 .406 
125 800 6.00 6. 10 4.46 1.87 9.000 .401 
126 2000 6.00 6. 10 5.05 2.12 8.00€ .404 
17 1800 6.50 6.78 6.78 2.68 ,.000 .542 
128 1550 6.50 '7.05 5.75 3.29 8.000u .460 
129 1925 6.10 7.42 6. 10 4.10 7.000 .427 
130 1450 7.00 7.42 6. 10 5.56 8.000 .48E8 
13L 650 5.70 6. 0'0 4.9) 2.37 9.000 .441 
132 1300 6.7) 6.70 4.40 1.65 20.000 .880O 
133 350 MISSING MISSING MISSING MISSING MISSING MISSING 
1134 900 4.22 4.22 3.05 2.68 9.000 .275 
135 600 4.73 5.0.3 4.65 2.07 4.000) .186 
136 '0 4.52 6.C) 5 2"5.0 .270 
137 630 5.00 6.1 5 5.52 2.50 5.000 .276 
1:38 300 MISSING MISSING MISSING MISSING MISSING MISSING 
139 0 MISSI NG MISSING MISSING- MI SING MISSING MISSING 
140 45) MISSING MISSING MISSING MIS IING MISSING MISSING 
141 1150 6. 14 6. 14 4. 10 1.83 20.000 . 82() 
142 7)4 5.77 5.77 5.:'0 2."0 15.000 .795 
:143 800 4.4 7.66 4.29 2.97 5. 00) .215 
144 950 4.20 4.66 4. 29 1.02 4. 000 . 172 
145 850 2.00 5.45 3. 00 1.27 5.000 . 15C) 

146 300 MISSING MISSING MISSING MISSING MISSING MISSING 
147 0 MISSING MISSING MISSING MISSING MISSING MISSING 
148 450 1IISSING MISSING MISSING MISSING MISSING MISSING 
149 ! o0 6.70 6.70 4.40 1.65 20:). 000 .880 

150 1450 4.85 4.85 4.85 2.58 12.000 .582 
151 ;50 MISS I NO MI ING M].SSING MISSING MISSING MISSING 
152 900 4.22 4.22 3.05 2.68 9.000 .275 
:1.53 1600 6.69 6.69 4.34 2. 1.0 iC. 000 .434 
154 704 5.77 5.77 5.30 2.00 15. 000 .795 
155 950 3.71 :.71 3.71 2.65 8.000 .297 
156 900 4.22 4.22 3.05 2.68 9.000 .275 
157 2800 5.62 6.09 5. 1C 2.20 5.000 .255 
158 600 4.73 5.03 4.65 2.07 4.000 .186 
159 63") 5.00 6. 15 5.52 2.50 5.000 .276 
160 1200 4.40 6.20 2.57 2.54 4. 000 .103 
161 25oC)) 4.50 5.70 3.8:) 2.21 3. 0C .114 
162 324 3.0o :;.,.2C). 5) 2.35 3.000: .o75 
163 375 4.91 4.93 4.45 3.50 3.1000 4 
164 130) 4.70 5.33 4.8O 2.50 4.0o10 (0 .192 
165 750 6.50 6.57 2. "3o 2. 00 4. 000 . 092 
166 324 3. C)O 3.20 2.5: 2.337 3.000C75 
167 750 4.880 5.37 4.41 2.00 3. 000 .132 
168 650 2.80 5.25 4.40( 2.54 3. 000 .132 
169 400 4.30 5 . :)0) 4.42 2.12 2.0C))0. . 088 
170 440 2.35 5.44 3.65 3.66 3.000 .11o 
171 0 MISSING MISSING MISSING MISSING MISSING MISSING 
172 0 MISSING MISSING MISSING MISSING MISSING MISSING 
173 670 2.37 2.41 2.30 2.30 3. 000 .069 
174 0 MISSING MISSING MISSING MISSING MISSING MISSING 
175 400 4.30 5.00 4.42 2.12 2.000 .088 
176 750 4.80 5.37 4.41 2.00 3.000 .132 
177 0 MISSING MISSING MISSING MISSING MISSING MISSING 
178 0 MISSING 2.41 MISSING 1.30 MISSING MISSING 
179 650 2.30 3.61 2.83 1.89 3.:000 .085 
180 750 4.91 4.93 4.45 3.50 3.000 .134 
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181 600 4.37 4.65 4.25 1.69 3.000 .128 
182 600 4.10 4.35 3.23 1.80 3.000 .097 
183 600 4.00 4.67 4.09 2.45 3.000 .123 
184 900 6.39 6.78 3.00 2.50 3.000 .090 
185 1100 4.31 5.13 3.00 2.00 4.000 .120 
196 780 5.00 4. 9 3.07 3.50 4.000 . 12:. 
187 1300 5.36 5.36 4.60 2.00 4.000 .184 
188 530 4. 13 4. 13 MISSING 1.54 3.000 MISSING 
189 1300 3.71 3.89 3. 10 1.27 3.000 . 097 
190 0 MISSING MISSING MISSING MISSING MISSING MISSING 
191 1300 3.37 4.28 3.36 1.52 4.000 . 134 
192 3000 4.91 MISSING 4.52 MISSING 5. 000 .226 
193 1600 3.03 4.93 2.65 1.19 5.000 . 13 
194 MISSING MISSING MISSING MISSING MISSING MISSING MISSING 
195 2000 2. 87 5.00 4.35 .92 4.000 .174 
196 950 4.54 5.17 3.88 1.83 4.:)000 .155 
197 800 5.37 6.34 4.30 1.70 4.000 . 172 
198 65) 2.30 3.61 2.83 1.89 3.000 . 085 
199 1.400 4.90 5.86 3.02 2.62 3. 000 . 091 
200 1100 4.50 6.34 4.68 2.50 4.000 .187 
201 1300 4.50 4. 50 .67 2. 24 3.000 .08) 
202 550 4.31 5. 13 3.00 2.00 4.000 .12) 
203 375 4.9. 4.9:3 4.45 3.50 3.000 .134 
204 1:3)0 5.36 5.36 4.60 2.00 4.000 . 184 
205 2100 5.81 5.81 3.43 3.00 5.000 .172 
206 1800 3.87 3.87 3.48 2.17 4.000 139 
207 1850 4.93 6 .80 6. 00 4. 53 4 .000 240 
208 1320 6.36 6.36 4.95 3.35 3.,000 149 
209 620 6.56 6.50 4.67 2.12 4.00 .187 
210 1:310 6.00 6.72 3,.11 2.30 4.( . 24 
211 2350 8.19 8.19 4.11 2.84 4.00, .. 64 
212 1600 7.75 7.75 5.80 4.02 5.000 '90 
213 1320 6.36 6.36 4.95 3. 35 3.000 49 
214 1300 6.87 6.87 4.05 2.76 4.000 .162 
215 1600 , 8.19 8.19 5.0C)0 3.90 4.0C)0 .20C) 
216 450 MISSING MISSING MISSING MISSING MISSING MISSING 
217 850 4.82 6.00 4.00 2.00 8.000 .320 
218 1020 6.14 11.53 5.26 1.65 8.000 .421 
219 882 7.13- 7.13 4.75 3.47 8.000 .380 
220 1600 6.24 6.24 5.58 4.18 5.000 .279 
221 1600 4.15 4.50 2.60) 1.50 8. 000 .208 

210o 5.55 5.55 4.29 2.62 5.000 .215 
- 725 5.15 6.15 6.00 2.64 8.000 .48(0: 

224 1200 5.55 5.55 3.72 2.02 15.000 .558 
225 704 5.77 5.77 5.30 2.00 15.000 .795 
226 714 4.53 4.53 4.50 1.50 20.000 .90C) 
227 1000 6.90 7.00 3.9:) 1.8:) 7.000 .273 
228 900 4.82 6.00 4.00 2.00 8.000 .320 
229 1900 5.30 5.30 4.40 2.00 15.000 .660 
230 60 3.83 6.02 5. 00 1 . 32 10. 000 . 500 
231 2200 5.40 6.07 4.47 1.6:) 10. 000 .447 
232 1050 4.00 5.50 4 .4) C) 1 ) 00 .440 

233 882 7.13 7.13 4.75 3.47 8.000 .380 
234 1120 6.14 1 1.53 5.26 1.65 8.001 .421 
235 950 5.00 5.51 4.50 1.4:) 10.000 .450 
236 1250 MISSING 6.14 4.29 2.46 7.000 .300 
237 1300 9.11 9.11 5.56 3.40 8.000 .445 
238 1200 6.97 6.97 5.84 2.92 7.000 .409 
239 450 MISSING MISSING MISSING MISSING MISSING MISSING 
240 1100 6.14 6.14 4.10 1.83 20.000 .82o 
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241 1100 5.1 5.31 3.48 1.73 20,, 000 .66 
242 720 4.5 4. 53" 4.50 1.50 20.00,, AV 
243 700 ,.77 5.77 5.30 2.00 15.000 .795 
244 60 13.835 6.02: :"... , 1.3 0 .00 ,5 )
5 ).... ._1r' AT€
 
.... 4.0'0 0 0.44C') AT))
245246so5.0.5"050) '.50 445002.00 1.0 10. '.('0 

.. 5 1 0, ) ") 5(2 'L_.. :,::,, ,=... 5 L *.'5j. . ±' i('.. ... 

.. ..... LV; .. .. ' . "1 . . . 27 :: 

24. I()0)) 6 .'0 7. 00 :.90 1.80 7.000o .2T] 

249 80 I,4.. 766 4.2'9i '2 97 5.000 ' 
210 2100 4.74 .76 4,81. 1.84 5.000 . I1 
25. 950 4.. 4.66 ".29 1. 4.000 .172 
252 620 6.56 6 .45 4.67 . 12 4.000 ,.87 
253 804 2.80 5.46 3.00 1.27 5-.000 .15 

'
254 9; 4.54 5 1,1 .88 1. 4.000 .5,4, 
255 2200 4. / 5. 4.50 1.478 4.000 .i 
256 1600 2. .. 05 30... Y;,. 5 0 ..15", 
257 .300 600 6.72 .1"1 2.30 4.000 .101. 
25 00 ISS ING M 188 I M SISING MMIrSISINI II NG 8"NM ISSIN 
259 sa5 4.07 6:0 ;.30 .8 1 . 000 . 0%; 

3.2 7.' 000 
2'. 650 4.70 . .,70 4.21 2.17 5.000 .2 
271 I00 . 2.6 1.52 .... .. 

4.,47 25 1:)264 1500 4.7 1.71 3.000 .09 
265 8Bo0 4.37 5.08 :5.3'1 1.64 3.000 .099
20) 70 MISSIN 6.15IN 6.00IN MISN MISTING M 45(1.
266 ib0 .5.69 5.69 4.,,52 3.05 8.0)00.:'!6
 
........ 4....7... . 1 ' 4I , :" ,267 ::.000 7.68 ?7.68! 5. 41:I:". 035 .000 ,3 

' 
MI.[SS ::ING NG
..... 1: M ISSITNG M IS S ING IS I..l, .. M ISSIJNG
268 !50( M ISS INIIG ,I 

o :.,'. '
 

2:'70( 72 5.'0,,:.:15 6.,,15 6.,,00 2.64 8.000(., .4B(:).
 
271 1600,. .6-3, 5 .63 4 .41 2 .08 5 .000 .22:1.
 
272 Boo 4.1:.7 4. 17 2.6.'I 2.23- 4.000 .10''
 

274:.:269 2500I.?):)3:"00 5.6640:): 5.4580. 2 ,,6.00):6 2.2.901.60.60 0-..000u:u:.000 ..40:(::)OW1615. -. . 3.61. 6.66 2.96 :5 ,,:)")0. t.187." 

273: 1050 4.'73' 4.73 4.91 2.2"7 5. 000 .2.)-c
 
274 2500 5.3:I1 [5.31 2.68 2.2 6.00'.6
 

275 1300 4:.,80 4.80 3.73' '2.0:2 5. 00:0 .187
 
276. "1400(. 2.:',,24 2..24:I 2:...,06 1.90) ()'(.-. 10
5.00 ('.";..
 
277 1600. 4.78 .,50 6.000
") 4.78 1.92 .15=(,..)
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AQUIFER UNITS 
NORTHWEST REGION 
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Evaluated boundary 



04, ', E -

SYLIET SURMA ,., .OROLo D\ BASSINL 
BASIN BASIN 

62: 

A 3-\ \ /T0 -c ) )(y0 

m 

oo-\ 

TRISHAL- NANDAIL 

" -"V 

OLD 

MEGHNA 

, ' " /-

7 

-i 

C 

EASTERN HILLS- z 

- MADHUPUR-

"-

zC 

DACCA 

I 

j, 

\-

'-
"\ 

S. 

YOUNG 
IMEGHNA

/\ 

/\ 

\ 

. 

. / Evoluuted lioundury 

Postulated boundary 

Ea ,le rn hil l , 

.... 

t , 



60 APPENDIX IV 

I NOIA 1 E XPLANATIOJ 

ST MIeaL)___ b AAY O rCEv LOPM|NT zONIr D IoNAT[ D A T14OUCI 01 

J.{ AREA UNIUITABLE FOR 314ALLOW TUEW(LL DOVKLOPUrII' 

UND(R TIle COASTAL ZONE W|IR(A COuPLEX iJq(JliO wATIA
[ARIEA 

- CONDITIONS IXIST, IN *UENtRALCONlIDEt ID AS UNIUITAILt FOR SIV4klI 

, I, TUlIwILL DIVLOPMENT, OftOUND WATER POTENTIAL UY It COI FI4" 

I TO TNH 01E1 ASUITlR. 

SHALLOW TUREW(LL DEVELOPUINT It NOT XNO'*4
r.'I. i NUITAVILITY r6R 


DI AJ LL DUE 10 INSUFFICIENT DATA,
 

'AN NA mrl.Et[m 	 AREA SUITA3Ll FORt SHALLOW AND DEEP TUU[WELL. 
AREA WHERE TNK 0YVcLmtHT OTENTIAL ON DEEP AND SHALLO 

lz-i TUNEWILLI If NOT KNOWN DUE TO LACK Of DATA. 

NOTE 1-NIFR TO TArKl( it FOR 01HERAIL CHAMACTKRISTICI AND D(V[LL f'J 

POTEIITIAL Of EACH ZONE. [NCLOIID. 

II A- .* 

OulwL 13 
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'tsr :-S- IIAL 	 -19 
'
 L) ." , ?'o 	 , :-W,-. ...
 

FIAL 	 IY'iO<-UTI
IPOT 

+ +t4 ++M~* 1:14 ~~~-~ 

4+4+++ *"+t 4j4 	 r~ 

h~0 40 ++O4 fa+ie P.REP4AD Y-

OF~
 

444-4INA 	 REPOR ONrIIYDROGEO+LO'31CI C 

Jj+. 	 4. +-4-f+ 
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L t v:L nri~ G(i.". Ir r i .tti on ' W a L,r - an ageirnnL PARC/ lADS 
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1,1. Repor t CLurISLII tC-t i on te 
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Fro aJ,:lfm at D argC] ].ad :,al Agr i cul tura 1. Lrni ver .'i ty Mymensi ngh. 
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Co ns.ultanc..y Report.. No:vember, 1983. f 
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Management. Soils and Irrigation Divi i.on. December, 1983. 

Howes, Richard B. Options in Powering Irrigation Equipment for
 
[ubewell s and Low-l :i ft Fumps in Bangl adesh. BARC/IADS 
Consultonecy Report.. December, 1981..
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